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Abstract.

The effective education and training of knowledge graph (KG) practitioners and students is critical for sustaining the growth
and utility of the KG ecosystem. This paper introduces the Teaching KG, a novel educational resource catalogue designed
to enhance KGs education. The Teaching KG integrates pedagogically enriched components such as skills, knowledge topics,
courses, instructors, and educational materials, offering a semantically structured framework that supports diverse educational
needs. By leveraging a high-level ontology and semantic constraints, it facilitates the integration of educational content, ensuring
consistency and scalability. We present use cases that demonstrate the resource’s applicability as an instructional tool for KG
instructors, learners, and technology-enhanced learning applications. Preliminary evaluations highlight its potential to support
KG course instructors in finding similar courses, enhancing their courses and locating relevant resources. This work contributes
to the ongoing project on the role of educational KGs [1], proposing a methodology to consolidate the collaborative initiatives
within the Semantic Web community. The result is a centralized hub that interlinks resources, courses, and instructors to foster a
more cohesive educational KG ecosystem.

GitHub project: https://github.com/Teaching-Knowledge-Graph/TeachingKG

Keywords: Educational KG, Personal KGs, Domain Model, User Model

1. Introduction

Ontologies and Knowledge Graphs (KGs) are widely used across multiple domains and are increasingly adopted
in educational applications [2]. By providing a structured and interconnected framework for representing domain
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2 E. Ilkou et al. / Teaching KG

knowledge, ontologies and KGs can facilitate more effective navigation, discovery, and reuse of educational re-
sources [3]. This can help instructors create personalized learning paths, identify learners’ knowledge gaps, and
track student progress with greater precision [4]. Additionally, ontologies and KGs establish clear relationships be-
tween concepts, allowing for more nuanced understanding and application of complex ideas [5]. Furthermore, the
machine-readable nature of these frameworks enables seamless integration with educational technologies, such as
intelligent tutoring systems [6], leading to a more efficient, effective, and engaging educational experience [7].

In parallel, the demand for digital education has grown significantly with an increase in internet users taking
online courses or learning via online educational materials, as reported by Eurostat'. However, online learners of-
ten struggle to find high-quality material aligned to their learning goals. This challenge arises for several reasons.
Firstly, simple web searches are often insufficient, as relevant resources are not semantically interlinked with related
topics or courseware. Secondly, there is a lack of open, centralized hubs offering educational resources classified
by topic and interlinked with similar courses or materials. Moreover, university courses covering similar skills and
topics frequently differ in their course titles, creating additional barriers to discovery. This means that education
is characterized by the compartmentalization of teaching resources, where instructors often rely on isolated and
disconnected materials, resulting in a fragmented and often incomplete learning experience for students. Conse-
quently, this fragmentation hinders meaningful semantic connections between materials and concepts, ultimately
limiting the effectiveness of learning and teaching. Furthermore, there is a notable scarcity of high-quality open
educational resources (OER) in the field of KG education. Open Educational Resources (OER) are educational ma-
terials that reside in the public domain or are released under an open license, permitting free access and use with
minimal or no restrictions [8]. Teaching materials within this context may include lecture slides, tutorials, datasets,
exercises, assignments, and case studies that support the understanding of KG concepts, tools, and applications.
Such resources play a vital role in enhancing the quality of educational provision.

In university-level Knowledge Graph (KG) education, there is currently no centralized repository that aggregates
teaching resources for KG courses. Identifying relevant materials is often difficult because such courses are offered
under diverse titles, such as “Data Governance”, “Web AI”, or “Information Management”, that do not share com-
mon keywords. The varied backgrounds and research interests of instructors further contribute to inconsistencies
in the coverage of key knowledge areas and skills, resulting in a fragmented educational landscape. Establishing
a central hub for KG teaching resources could address these challenges by improving the discovery, retrieval, and
integration of materials. Such a platform would enable instructors to access high-quality resources and metadata to
enrich their courses, while providing students with targeted learning materials aligned with their educational goals,
whether within formal curricula or through independent study.

To address these issues, we propose the use of an educational Teaching Knowledge Graph (Teaching KG) focused
on knowledge topics (concrete units that can contain theoretical and practical educational resources), skills (abstract
concepts consisting of multiple knowledge topics in different levels and scopes), courses, and educational mate-
rial, such as slides and tests, related to KGs. We argue that KGs can provide a structured representation of teaching
resources, highlight their connections, and enable instructors to discover pedagogically classified, high-quality, rele-
vant resources for KG education. Our goal is to provide an integrated framework that connects teaching and learning
resources with KG-related concepts, facilitating navigation through a vast array of educational content while pro-
viding semantic relationships between the different resources. By leveraging an ontology schema, the Teaching
KG ensures effective data retrieval. This initiative aims to enhance the quality and effectiveness of university-level
courses on KGs and contribute to the development of educational KGs, which can assist researchers, instructors,
and practitioners in advancing their work. While the primary target audience of the Teaching KG is teachers and
course instructors, it also benefits students directly by interlinking educational resources. Indirectly, it provides a
pedagogically informed framework that helps students better understand whether a course aligns with their learning
needs and interests.

From a pedagogical perspective, the Teaching KG supports instructors in aligning learning objectives with teach-
ing materials and assessment-related resources. This alignment enables more coherent course structures and im-

INews article by Eurostat: "Increase in online education in the EU in 2023" at https://ec.europa.eu/eurostat/web/products-eurostat-news/w/
ddn-20240124-2
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proved discoverability of supplementary materials that support target competencies. As a result, learners benefit
indirectly through more consistent curricula and better-aligned instructional resources.
Summarizing, the main contributions of this study are the following:
¢ a methodology for creating an educational KG for teaching resources
e pedagogical parameters that describe courses and their encoding in the ontology schema
e an ontology for supporting a teaching KG in any educational domain that interconnects skills, topics, lectures, and
lecturers with educational resources
e SPARQL queries to retrieve competency questions
e a KG with resources for KGs education
e rules and constraints that validate the semantic structure of the KG
e an RML pipeline for the KG creation and maintenance
e a user-interface and use cases description that further improve the usability of the system.

2. Related Works

Plenty of ontology-based systems for curriculum modelling have been proposed in the literature [9]. While some
approaches developed an ontology for describing a specific curriculum [10], most research focused on a high-
level description of main concepts. For instance, Chi [11] proposed an ontology-based curriculum knowledge base
system, leveraging structured knowledge representation and rules to enable semantic querying for curriculum man-
agement. Many similar ontologies aimed to map functionalities present in learning management systems [12], syl-
labi [13, 14] or, at institutional level the creation of program credentials [15]. A series of ontology-based applications
that utilized Semantic Web tools were developed by mEducator [16, 17]. The proposed approach aimed to share and
reuse medical educational content across institutions using Linked Data principles. Their proposed framework con-
nects lectures with testing material; however, it does not reference the corresponding knowledge topics, skills, or
lecturers. Although these initiatives set the tone for Semantic Web applications in the e-learning domain, the projects
were not maintained and the resources were not shared as open source, limiting their reuse. In contrast, the ontology
that serves as the basis of our KG is not domain or use case specific and is published under a persistent URI.

Recently, the deployment of KGs for educational applications has gained traction. Based on a recent survey
by Fettach et al. [18], KG applications in education can be categorized into three clusters: assisted instruction, in-
cluding institutional concept [19] and knowledge management [20], assisted learning, with the personalized learning
and question-answering, and educational assessment. These structured representations of knowledge allow for the
formalization and interlinking of educational content, offering opportunities for improved educational outcomes
and management. Chen et al. [19] proposed the KnowEdu system, which employs heterogeneous educational data,
such as pedagogical and learning assessment datasets, to automate the construction of KGs. To achieve this, neural
sequence labelling is used for instructional concept extraction and probabilistic association rule mining to establish
meaningful educational relationships. It is worth acknowledging that their work represents a pioneering approach in
educational knowledge graphs. Consequently, subsequent research has expanded toward richer relations and content,
with a stronger focus on practical use cases, enabling educational knowledge graphs to function as useful systems
rather than merely collections of triples. Similarly to KnowEdu, EDUKG [21] was proposed as a heterogeneous
K-12 educational KG. It introduced a fine-grained ontology consisting of 635 classes and 1,314 properties, and
incorporated methodologies for interactively extracting factual knowledge from textbooks and dynamically main-
taining the KG using a generalized entity linking system. The EDUKG ontology is not published, and the work
primarily focuses on Chinese texts, some drawn from educational resources but largely sourced from external ma-
terials, such as The New York Times. In contrast, our approach relies exclusively on data collected from domain
experts, ensuring high data quality, and employs a domain-independent ontology that is publicly available under a
persistent URL In primary schooling, efforts to construct KGs for elementary education have emphasized the im-
portance of ontology design and resource integration. By employing unsupervised methods for instance extraction
and incorporating diverse learning materials, these initiatives demonstrate the feasibility and efficiency of Con-
cept Graph-based educational tools [22]. Their approach focuses on the hierarchical relations of knowledge units
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and concepts, and models textbooks, MOOCs and exams. Inspired by their approach, we include extra curricular
material and further includes the skills, courses, and lecturers.

Furthermore, towards assisted learning, recent studies have demonstrated the use of KGs in representing and
managing knowledge in higher education. Li et al. [23] proposed a framework for constructing and fusing KGs tai-
lored for Electronic Information majors, addressing the relationships between courses and their key concepts. This
approach highlights interconnections among curricula while providing a mechanism for identifying critical knowl-
edge points, thus improving the efficiency of student learning. Our approach also models the courses, knowledge
topics and content and further connects topics, skills and educators. Similarly, Hubert et al. introduced EducOnto, an
ontology for modelling university curricula and student profiles, which serves as the foundation for their KG called
EduKG [24]. Although their approach is useful for modelling connections between university curriculum and high
school major, it lacks support for teaching as it does not connect to any courses, topics, or lecturers. Abu-Rasheed et
al. [25] transformed hierarchical learning object (LO) models into contextual KGs using customized text mining and
relation extraction pipelines. This transformation supported personalized learning by enhancing the representation
and linkage of LOs’ contexts, scaffolding learners’ progression from recall-level learning objectives to higher-order
objectives, such as application and analysis. Inspired by their approach, we introduce pedagogical elements to
achieve learning and pedagogical alignment and further extend on interconnecting skills, topics, courses, lecturers,
and material. The Education-Oriented Knowledge Graph (EOKG) [26] quantified personalized learning by defining
boundaries of mastered and unmastered knowledge points. This approach enables dynamic modelling of student
learning profiles, offering tailored educational experiences. However, their work is limited to mapping knowledge
points in the EOKG, while our approach models a broader and more complete range of elements essential to both
learning and teaching. Overall, none of these educational KGs bridges the gap of containing and interconnecting
essential resources for teaching, namely the skills and topics, courses, lecturers and educational material in En-
glish from official resources. Our approach addresses this limitation by integrating all of these elements, and further
enriches them with expert-provided descriptions of skills, topics, and courses from the represented domain.

Further, semantic summarization frameworks have been developed to support intelligent retrieval and compre-
hension of educational resources. For instance, Yu et al. [27] develop a system targeting entrepreneurship education,
integrating NLP techniques such as text embedding and graph convolution to improve question-answering capabili-
ties. The application of KGs extends beyond content structuring to address broader educational needs. Research has
proposed models for integrating KGs into teaching resources, personalized instruction, and educational decision-
making. These models aim to optimize teaching methodologies and administrative strategies, furthering the impact
of Al technologies in education [28]. Inspired by those works, we incorporate a semantic search functionality in our
platform to accommodate the retrieval of similar resources.

Despite these advancements, there are challenges that remain unresolved in developing and applying KGs in edu-
cation. The extraction of high-quality, domain-specific knowledge remains an unresolved issue. Li et al. [23] noted
the complexity involved in integrating data from diverse sources into a coherent KG. Additionally, while LLMs
show promise in enhancing the adaptability of educational technologies, issues such as scalability, interpretability,
and ethical considerations related to Al integration persist [23, 29]. Therefore, our proposed ontology KG construc-
tion approach aims to address these issues by creating high-quality, pedagogically sound content for teaching KGs.
This approach is designed to support higher education and self-regulated learning environments, bridging existing
gaps in educational resource integration.

3. Methodology
3.1. Motivation

Although KGs have been applied in educational settings, they are usually tailored to a specific downstream appli-
cation. To the best of our knowledge, no existing work outlines the requirements or methodologies for deploying an
educational KG. This highlights the need for standards that bridge the gap between Semantic Web technologies and
pedagogical frameworks to accommodate the adaptation of semantic solutions in the technology-enhanced learning
community and provide smart learning analytics. Moreover, new instructors often face significant challenges when
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E. Ilkou et al. / Teaching KG 5

designing modules for new courses, particularly in sourcing material for lab sessions and coursework. A course title
alone is insufficient to reveal the skills and knowledge topics a resource covers, making it difficult to link related
additional materials. These challenges can reduce the potential quality of content offered to the learners and are
highly time-consuming for instructors.

Our work aims to address these issues by proposing a methodology for creating an educational teaching KG and
a populated example of a teaching KG for KGs education. In this paper, we focus on the development of a teaching
KG specific to KG-related skills and courses in higher education, as offered by experts in the Semantic Web com-
munity. In Section 1, we highlighted the absence of a centralized repository for KG-related educational resources
and the challenges posed by inconsistent course naming conventions in discovering similar resources online. Un-
like programming or machine learning courses, KG courses are scarce on platforms such as Coursera® or edX?.
Although there are some recent courses focus on learning on graphs, such as the "Knowledge Graphs for RAG" on
Coursera, these do not cover the foundational aspects of KGs or align with the content taught in university courses
by the Semantic Web community as they emphasize on the application of KGs and not on the fundamentals of KGs
education, such as OWL or SPARQL. Furthermore, based on informal feedback we received from the Data Science
students at City St. George’s, the students face difficulties in finding alternative code examples and supplementary
KG materials to complement their studies. In contrast, resources for other topics, such as machine learning and
data visualization®, are far more numerous and readily available online, highlighting the relative scarcity of KG
educational content online.

To address these limitations, the Alan Turing Institute KG resources’, and the European Union innovation network
of COST Action “Distributed Knowledge Graphs” (COST DKG), CA19134% have initiated independent efforts
to collect and publicly share teaching materials on KGs. Previously, these materials were restricted to learning
management systems such as Moodle. We provide a detailed analysis of the data collection process in Section 3.3.

3.2. Context of Research

The research was conducted to address key challenges associated with integrating and connecting complex, un-
structured educational data from multiple sources within a cohesive framework. There are limitations in current
open educational resources and educational KGs in capturing intricate relationships, such as connections among
resources covering similar topics, and enabling semantic interoperability, such as automatically connecting material
at the metadata level. Further, there is a need for supporting dynamic, real-time updates in educational catalogues,
highlighting the importance of semantically advanced approaches. The study identifies two primary challenges,
which are addressed through the proposed research questions.

Challenge 1: The first challenge is balancing the need for comprehensive representation of educational resources
versus the associated workload with providing all the resource metadata. This challenge is reflected addition-
ally in the use case where the instructor uses the KG to search for relevant content. The relevance of the
search results retrieved from the catalogue is affected by the level of detail in which its content is described.
As the educational resources can be found in a variety of formats and descriptions, this requires a consider-
able amount of time and effort to insert all the appropriate metadata values, which is often not an automated
procedure. Therefore, a reasonable minimum set of values that instructors need to provide is needed to ensure
algorithmic capabilities while keeping the user experience sufficiently simple and enabling educators to adopt
the proposed schema.

2 As per September 2025, Coursera has only one KG course, the "Knowledge Graphs for RAG".

3 As per September 2025, edX has no KG courses.

4Machine learning has 357 courses, and data visualisation has 130 associated courses in edX, as per September 2025.

5You can access the gathered resources of the Knowledge Graphs Interest Group at the Alan Turing Institute at https:/github.com/
turing-knowledge- graphs

6The COST Action “Distributed Knowledge Graphs” ended on September 2024. More information about the Action can be found at https:
/lcost-dkg.eu/
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6 E. Ilkou et al. / Teaching KG

Challenge 2: Contextual relevance versus feasible execution. Educational institutions and educators use different
terminologies, theories and educational design approaches. The challenge lies in ensuring that the KG ef-
fectively captures nuanced, contextual meanings behind course content, learning outcomes and instructional
approaches across multiple sources, allowing instructors to contribute and find resources that are relevant and
pedagogically aligned with their course design goals.

To tackle these challenges, a set of research questions (RQs) was formulated, aiming to guide the development of
the ontology and a robust pipeline for populating a KG. These research questions focused on defining the ontology’s
structure, ensuring the scalability of the data pipeline, and assessing the KG’s effectiveness in enabling efficient data
retrieval and supporting downstream use case scenarios. By addressing these questions, the study seeks to create
a flexible, pedagogically-founded, and semantically enriched data environment that enhances knowledge discovery
and supports informed decision-making in the targeted domain. Therefore, we formulate the following research
questions for our study:

RQ1: What are the minimum pedagogical requirements a teaching KG catalogue should include?

RQ2: How can the Knowledge Graph ensure contextual alignment of educational resources to enable cross-course
knowledge and content sharing?

RQ3: What ontology classes and properties constitute the minimum requirements for representing an educational
schema to enable effective KG-based information retrieval?

RQI focuses on creating a pedagogically-grounded representation of educational content, which facilitates KG
schema to ensure that the content is described meaningfully from a pedagogical perspective. RQ2 follows up with
the focus on the interoperability and connectedness of educational content, to ensure better alignment between
the course within different teaching and learning contexts. RQ3 then addresses the ontological structure needed
to embed the meta data and relations between the entities that represent the educational content; it investigates
the ontological schema that the Teaching KG can offer to better represent, connect, and retrieve the educational
content for the teachers and learners. The requirements considered in the research questions are determined by
the characteristics and availability of the collection data. The following subsections analyse the pedagogical and
contextual alignment pursued in the design of the Teaching KG. In the subsequent sections, we detail the specific
measures implemented to ensure this alignment.

3.3. Data Collection

Courses and topics related to KGs were collected with the help of Semantic Web experts. The resources were
primarily gathered from two initiatives: the Alan Turing Institute KG resources, and the European Union innovation
network of COST Action “Distributed Knowledge Graphs” (COST DKG), CA19134. Additionally, supplementary
resources were obtained from the authors’ private lists with resources for open-source tutorials and book recom-
mendations related to KGs.

For course collection, resources were gathered via the Alan Turing Institute, COST Action DKG, and publicly
available online courses. Data collection for the Turing Interest Group on Knowledge Graphs was directly performed
via its GitHub repository, where members could create pull requests with their module materials.” The (teaching)
GitHub repository was promoted via the group’s regular meet-ups, annual symposiums, and mailing list.

Through COST Action DKG, an online data collection form was distributed to Semantic Web experts, requesting
personal information, such as their full name, affiliation, and email for the purposes of connecting them sufficiently
with their courses, and course details, such as course names, URLs, and weekly lecture schedules’ titles. We relied
on the mature network that the COST Action DKG had cultivated of experts in distributed KGs across Europe for
the identification, and contact of semantic web experts via its newsletter. All data collected through this form were
provided voluntarily, and participants gave their informed consent for the use of their course-related information for
research purposes. The topics were described by Semantic Web experts who teach KG courses within two COST Ac-
tion DKG initiatives, during an in-person interactive Workshop in Malaga, Spain on September 2023, and a follow-
up online session on May 2024. During those sessions, the experts were provided with a structured template designed

7https://github.com/turing-knowledge- graphs/teaching/
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E. Ilkou et al. / Teaching KG 7

to guide their input on relevant topics and skills. For each topic, the template included specific fields to be completed,
such as educational level and topic difficulty level (aligned with the https://schema.org/educationalLevel). This step
was important to provide semantic information about what each field aims to represent, and according to which
definition. From the topics collection, we have a detailed description of theoretical and practical skills, learning
objectives, educational level alignment, and knowledge topics.

The template intentionally avoided restrictions or mandatory fields, allowing flexibility for brainstorming and
creativity in experts’ contributions. In Table 1, we present a portion of the template used to guide the descriptions
of skills and topics, which were populated collaboratively by groups of at least three participants. The template was
presented in an online collaboratively writing document, with the description and the property it aligns with in a
parenthesis. The collection of educational materials began with contributions from the course instructors. To expand
the scope and depth of the repository, additional resources in diverse formats were incorporated, including Python
libraries, visualization tools, and tutorials.

Table 1
Part of template for describing skills and topics that was provided to the experts.

Description Property

Skills and objectives of the course (learning goals and objectives) schema: assesses

Content and subtopics into 1. Theoretical level and 2. Practical level ~ schema: teaches

Prerequisites for the course schema: competencyRequired
Educational level and level of difficulty of the certain topic schema: educationalLevel

3.3.1. Ethical and Legal Concerns

The development and deployment of the Teaching KG inevitably raise important ethical and legal considerations,
particularly in relation to copyright, licensing, privacy, and data ownership [30]. Since the catalogue incorporates
content from institutional courses and open educational materials, we have adopted a cautious and transparent
approach to data handling and reuse.

To address copyright and licensing issues, the Teaching KG does not host or redistribute course materials locally.
Instead, it interlinks to externally available resources through persistent identifiers or URLS, ensuring that original
content remains under the control of its rightful owners. All interlinked materials are subject to the licensing con-
ditions defined by their respective creators or institutions. Whenever possible, we prioritize publicly available and
open resources, thereby aligning the catalogue with established open science and open education principles [8]. We
make no claim of ownership over any externally sourced content and fully acknowledge the intellectual property
rights of content creators. Therefore, the Teaching KG does not currently aim to integrate directly with existing
learning platforms, such as Coursera.

In relation to privacy and personal data, the catalogue strictly limits the inclusion of personally identifiable infor-
mation. Only the minimal set of public data, namely the instructor’s name, institutional affiliation, and professional
contact email, is included, and solely when such information is already publicly accessible through institutional or
course websites. No sensitive or non-public data are stored or shared.

Our approach is further guided by ethical principles of transparency, accountability, and respect for academic
authorship. The design of the Teaching KG complies with relevant data protection regulations and institutional poli-
cies, ensuring that all information is handled responsibly and lawfully. By prioritizing interlinking over replication
and attribution over appropriation, we aim to balance openness and accessibility with the ethical stewardship of
educational data.

3.4. Research Design
The analysis of the collected data and its diverse formats revealed the need for a uniform schema to represent

and interconnect courses, topics and educational materials effectively. To address this, we focused on defining a
schema that could standardize the representation of core educational aspects. Consequently, in the initial steps of
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8 E. Ilkou et al. / Teaching KG

this project, we formulated use cases as competency questions that a teaching KG could address, as detailed in our
previous work [1].

To achieve high retrieval performance and unify the schema for structuring and organizing the collected data,
we propose an ontology to support the Teaching KG. The ontology serves as the foundation for standardizing
relationships between courses, topics, and resources. Following the ontology design, we implemented a data pipeline
to enable the integration of raw data into the KG. This pipeline populates the ontology with individuals and supports
the life cycle of data loading in the KG, enabling dynamic updates and scalability as new data become available. To
validate our approach, we propose semantic constraints, conduct stakeholder interviews, and describe detailed use
cases for utilizing the teaching KG through the system interface.

3.5. Pedagogical Alignment

As Semantic Web experts are typically not trained in pedagogical methodologies or familiar with the educa-
tional parameters required to classify their courses effectively as pedagogy experts are, it is important to identify
the key components to pedagogically classify the resources provided. Also, educational institutions employ diverse
educational design approaches, resulting in considerable variation in the data collected from the experts. For ex-
ample, while some courses specified learning objectives, others listed only topics or included both. Additionally,
courses originated from different countries, each with distinct standards for indicating notional hours and licensing
agreements. Most courses also lacked detailed educational parameters. To address these challenges, we developed
a comprehensive classification scheme that accommodates varying contexts without compromising data integrity.

The goal of our approach is to ensure pedagogical alignment between various elements, such as topics, skills,
and learning outcomes, while enabling educators to select and integrate content that meets their teaching goals
and students’ learning needs. The system supports dynamic and flexible updates, facilitating ongoing pedagogical
alignment to maintain the relevance of both the KG and the courses informed by it. Additionally, the guidance is
embedded in the user interface, assisting educators in including essential information when logging their course
details and content. This aims to strike a balance between structured input and free-form text, providing contextual
flexibility.

The pedagogical alignment supported by the Teaching KG stems from its ability to semantically and contextually
interconnect learning content, learning outcomes, and, where available, learning activities such as assessment or
practice. This form of connectedness is consistent with established pedagogical practices, including, but not lim-
ited to, principles discussed in the constructive alignment literature, which emphasize coherence between learning
objectives, instructional activities, and learning resources [31]. While the Teaching KG was not explicitly designed
as a constructive-alignment framework, its explicit representation of relationships between skills, knowledge top-
ics, and educational resources (theoretical and practical) can support instructors in reflecting on the alignment of
their course components. In particular, the KG can assist instructors in examining whether intended learning out-
comes are sufficiently covered by available resources, identifying potential gaps, and selecting materials that are
appropriate for a given educational level. By making such relationships explicit and reusable, the Teaching KG
may contribute to more coherent and informed course design, reducing reliance on ad hoc resource selection and
supporting pedagogically grounded instructional decisions.

Through the interaction model of the proposed web application, the Teaching KG adopts a tiered metadata policy.
Only a minimal set of pedagogically essential fields is mandatory to ensure KG consistency and retrieval func-
tionality, while all other pedagogical descriptors remain optional and context-dependent. This design avoids forced
over-specification and supports gradual enrichment of the KG over time. While the user interface enforces comple-
tion of a minimal set of mandatory fields, it does not require exhaustive pedagogical descriptions. Users may submit
partial but valid entries, which can be incrementally enriched later without violating KG constraints.
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4. Ontology
4.1. Ontology Development

We chose to develop an ontology as the semantic structure to interconnect the populated data in the KG. This
decision was motivated by a number of reasons. First, creating an ontology facilitates future data integration by
establishing a common vocabulary and framework, ensuring the cohesiveness of the KG. A semantic structure
enables efficient data retrieval and addition of data, while also promoting semantic interoperability across systems
and enhancing data reusability. Our goal is to generate an open-source semantic resource capable of supporting
multiple systems through a schema that accommodates the specification of elements present in the KG. Secondly,
an ontology can improve data quality control via constraints and simplify maintenance. As we gather the resources
from experts in the Semantic Web community, we can guarantee the initial quality of content of the produced
resource, which further enables Artificial Intelligence and Machine Learning applications. Finally, we choose to
support our KG with an ontology to enable detailed mapping and precise retrieval of the data. By developing a
detailed ontology, we can keep track of the data present in the KG and have the ability to query and perform
question-answering with high retrieval precision.

For the ontology development we followed the workflow suggested by LOT [32], namely the process of require-
ments specification, and implementation to publication and maintenance, incorporating the conceptualization step
described in Sabiox [33]. Initially, use cases were specified in previous work as competency questions [1]. The
ontology was designed to describe resources that can be found in an educational KG with the emphasis on teaching
materials. To create a semantically structured catalogue that accommodates education broadly—rather than being
confined to a single domain—we developed a high-level ontology. This approach allows for future adaptation to
other areas in computer science and educational domains. The requirements for reusing our ontology include the
presence of predefined skills, knowledge topics, and/or learning objectives of the educational domain, as well as a
catalogue of courses, the instructors, and educational material, such as PDF slides. The end users of our ontology
are researchers and practitioners interested in developing teaching KGs for any educational domain. The ontology
was developed in English using both the online and desktop versions of Protégé, with the domain area of focus
being higher education KGs.

4.2. Ontology Description

We reused vocabularies from Semantic Web resources, as we report in Table 2. Primarily, we leveraged classes
and properties from schema.org® and EduCOR ontology [34]. A visualization of the ontology is provided in Figure 1.

Our ontology consists of 13 classes, 16 object and 16 datatype properties. It consists of different modules that
connect the main classes in the ontology: the skill module, the course or lecturer model, and the educational material.
At this stage, the ontology does not include hierarchical structures or prerequisites at any level. The ontology is
described in Turtle syntax and presented in English. In Table 2, we analyse the main modules in more detail, derived
from the primary classes in our schema.

The ontology uses higher-level pedagogical and semantic constraints to ensure consistency and interoperabil-
ity across its components. Courses are structured as learning paths designed to teach specific skills or topics, and
lecturers are modelled as entities that deliver these courses. Educational resources are classified as core or supple-
mentary, which could include textbooks, videos, and tutorials. The ontology is designed to map the provided data
and support various educational scenarios for educators and learners. The explicit links between learning outcomes,
skills, knowledge topics, and educational resources operationalize pedagogical alignment and enable reasoning over
coverage, prerequisites, and instructional coherence. The input form for adding new courses to the system ensures
that newly added courses fulfil the required characteristics.

As the ontology’s scalability depends on how flexible its schema and constraints are, we enforce only a minimum
of required fields, and ask for the additional (meta)data as optional values. To remain scalable, our ontology supports

8https://schema.org/
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Table 2

Vocabularies in our ontology.

Domain URI

schema: http://schema.org/

educor: https://github.com/tibonto/educor#

xsd: http://www.w3.0rg/2001/XMLSchema#

owl2: http://www.w3.0rg/2006/12/ow12#

owl: http://www.w3.0rg/2002/07/ow1#

rdf: http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs: http://www.w3.0rg/2000/01/rdf-schema#

skos: http://www.w3.0rg/2004/02/skos/core#

courseskos:  https://w3id.org/def/courses/kos/
base: https://w3id.org/def/courses#

schema:provider

rganization

HemaColeasOrUniversity schema:name: xsd:string

schemazuri: xsd:anyURI

educor.LeamingPath 4

courses:responsibleEntity schemaimemberOf

— p—— educor:EducationalResource  [&———
schema:description: retiangString schema:name: xsd:string schema:name: xsd:string
schemateducationalL evel: xsd:string schema:email: xsd:string
schema:audience: rdflangString schema:gender: xsd:short
schematlicense: rdfiangString schemazur: xsd:anyURI I
q 5 courses:hasType
schema:seeAlso: rdflangString A
schemattimeRequired: xsd:duration
schema:name: xsd:string ‘ ‘skos:Concept
courses:competencyRequired pe>
educor:LeamingOutcome
‘schema:name: xsd:string A
educor:Skil <<owl:equivalentClass>>
schemahasCourselnstance ] ;
schema:educationalLevel: xsd:string
schemattimeRequired: xsd:duration urses:C.
courses:competencyRequired schemainame; xsdistring
educorrequiresKnowledge owt: http://wwn
d: httpilpurL org/dclelements/1. 1/
schema: htip:/ischema.org/
schemerisaches rdfs: http:/lwwww3.0rg/2000/01 r-schematt
xsd: http:/www:w3,org/2001/XMLSchemart
skos: hitp:/www.w3.0rg/2004/02/skoslcore
. http:/wwww3.0rg/1998/02/22-rdf-syntax-ns
courses: hitps:/waid.org/deflcoursesi
educor: https:/igithub.com/tibontoleducor
courseskos: hips:/jw3id.org/def/courses-kos/

schemateducationalLevel: xsd:string
schema:name: xsd:string
courses:mainTopic: xsd:boolean
coursestheoreticalTopic: xsd:boolean

Figure 1. Visualization of the ontology classes and properties using Chowlk [35].

modularity and mechanisms for gradual schema evolution. In practice, new courses could be incorporated through
partial alignment (capturing only shared core attributes) while allowing domain-specific extensions.

The Skill module of the ontology consists of the skills and topics as they were described by the experts in the
Semantic Web community, as described in Section 3.3. In Table 3, we present the skills and their associated knowl-
edge topics, categorized into main and secondary groups. The main skills were identified through an analysis of
the collected resources, highlighting three key areas frequently addressed in KG courses: the Resource Description
Framework (RDF), the Knowledge Graph Standards and Tools, and SPARQL. The differentiation of the skills and
knowledge topics can be complex and occasionally confusing, even for the experts. To address this, we adopted the
following definitions:

e Skill: An abstract concept consisting of multiple elements across different levels and scopes to be mastered,
namely knowledge topics.

e Knowledge topic: A concrete unit that contains theoretical and practical (educational) resources and can be part
of multiple skills.
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E. Ilkou et al. / Teaching KG 11

The Courses and Lecturers module could be viewed as a personal KG centred on the individuals who teach
courses in order to achieve connection of the course content behind university paywalls with researchers’ contact
information. The courses are structured as comprehensive learning units that cover a subset of skills and knowledge
topics. Each course is linked to its lecturer, which allows for tracking the availability of subject-matter experts and
mapping their contributions to the educational ecosystem.

The Educational Resources module contains the supporting materials for both learners and educators. These
materials include textbooks, videos, and libraries, and are manually annotated with metadata to foster discoverability
and reuse. In order to distinguish whether an educational resource is theoretical or practical we use the skos:Concept
class. Our goal is to achieve a conceptual structure of the KG individuals that works as a classification scheme. For

non

this reason, we define the educational type as "theory", "practical” or "mix" of the Educational Resources.

4.2.1. Pedagogical Classification

To inform the technical development of the KG, a pedagogical classification was created to define the key entities,
attributes, and relationships that should be represented. This classification aimed to ensure that the KG would be
comprehensive, contextually relevant, and adaptable to various educational practices. The classification was devel-
oped through an iterative process, leveraging both pedagogical expertise and feedback from project stakeholders
with respect to the project’s requirements and data availability.

The foundation for this classification was drawn from an analysis of common course structures and teaching prac-
tices across different institutions. Recognizing that courses often vary in the way they present information and the
types of data they include, we prioritized creating a schema that balances detail and flexibility. This classification
framework ensures that essential educational data can be captured while maintaining enough adaptability to ac-
commodate courses from diverse educational systems and teaching approaches. In Table 4, we present the resulting
classification, which consists of five main categories:

e Course Data: This includes basic information about the course, such as the title and a descriptive overview.
Details such as notional hours and copyright information were also included to provide context and support legal
compliance for the reuse and sharing of course content. Additionally, since notional hours are calculated differently
in each country’s educational system, this will be indicated on the user interface as the “time needed to complete the
course". From a legal perspective, clear copyright details help define the ownership and permissible use of educa-
tional content, protecting both the rights of the content creator and the users. Without proper copyright attribution,
there is a risk of unintentional infringement, which can lead to legal complications for both individual educators
and institutions. Additionally, copyright information outlines any restrictions on the redistribution or modification
of course materials, which is particularly important when sharing resources across different educational contexts. In
the context of this project, where educators contribute their course content to populate a shared KG, including copy-
right information is essential for maintaining transparency and trust. It allows contributors and users to understand
the terms under which the materials can be accessed, used, and adapted. By specifying this information, educators
enable a seamless integration of resources, fostering an environment of responsible and sustainable content sharing.

e Course Content: This category covers the primary educational materials used in the course, such as lecture
notes, assessments, and datasets. Additional resources like external links and supplementary assessments were also
considered to support a richer learning experience.

e [ earning Aspects: Understanding the pedagogical objectives is vital for effective course design. Therefore, this
section captures the main topics taught, the skills developed through the course, and the intended learning outcomes.
This classification helps ensure that course content aligns with specific educational goals and facilitates cross-course
comparability. We opted not to make learning outcomes compulsory, as not all courses are required to list them or
refer to them using this terminology, as mentioned in Section 3.

e Facilitators: Information about the contact person(s) is also needed, so information about the main facilitators
of the course is included, as well as information about teaching assistants and tutors.

o Requirements for Following the Course: This section outlines entry requirements and other prerequisites nec-
essary for participants, such as required software and the intended target audience. This information helps potential
learners assess their readiness for the course and assists educators in aligning their teaching with learner needs.

This structure ensures that educators can input essential information while also allowing for optional details that
enhance the depth and contextual flexibility of the data. The classification was used as the basis for constructing

=W N

o 0 g o

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



O O d o U W N

Qs s s s s s s D DWW W W W W WwWw W W NNNNNDNNNNN R R R R R R e e P e
H O W © < o 0 W N O W Jdo W N PR O VW Do U W N R O LV ®Jd o W NP O

After our analysis we found out that the majority of the KG courses teach three main skills, and plenty secondary. We present the topics taught
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Table 3

in KG courses as their corresponding skills, and their potential objectives as knowledge topics.

Main Skills

Knowledge Topics

RDF

Knowledge Graph Standards and
Tools

RDF (Resource Description Framework) introduction.

RDF syntax (Turtle, RDF/XML, JSON-LD).

Overview of standards like RDF, RDFS, OWL, and SHACL, FAIR principles.
Popular knowledge graph tools and frameworks (e.g., Apache Jena, Neo4;).

SPARQL SPARQL query language for querying RDF data.

Secondary Skills Knowledge Topics

Linked Data Linked Data principles and best practices. Ontologies and their role in the Se-
mantic Web.

Graph Theory Introduction to graph theory concepts (nodes, edges, etc.) Types of graphs (prop-
erty, directed, etc.) Graph algorithms for KGs (e.g., community detection, cen-
trality measures) Graph traversal techniques.

Validation of KGs Data accuracy, consistency, and adherence to defined schemas or constraints like
SHACL and SHEXx. Schema validation, data quality dimensions (e.g., correct-
ness, completeness), and resolving inconsistencies through logical inference and
debugging.

Ontology Engineering Ontology design patterns and best practices. Ontology alignment and merging.

Knowledge Graph Construction

Knowledge Graph Reasoning.
Scalability and Performance

NLP, ML and Knowledge Graphs

Case Studies

Knowledge Graph Visualization

Al Ethics, Bias and Legal Consid-
erations

Blockchain  and
Knowledge Graphs

Decentralized

Domain Knowledge Graphs

Knowledge Graph Governance and
Quality

Data extraction and integration techniques. Entity recognition and disambigua-
tion. Knowledge graph population and curation.

Inference and reasoning in KGs. Rule-based and ontology-based reasoning.
Knowledge graph storage and processing. Scalability challenges and solutions.
Benchmarking and performance optimization.

Named entity recognition, extraction and linking. Relation extraction from text.
Graph neural networks for KG analytics. Knowledge graph completion, link pre-
diction and entity embeddings

Industry-specific use cases (e.g., healthcare, e-commerce). Practical examples of
KG implementations (e.g. fact checking, QnA)

Visualization techniques for KGs. Tools and libraries for creating interactive vi-
sualizations.

Data privacy and security in KGs.Ethical concerns related to KG construction
and usage. Addressing bias and fairness issues in KGs Compliance with regula-
tions (e.g., GDPR).

Decentralized KG architectures using blockchain technology. Data ownership
and security in decentralized KGs.

In-depth exploration of KGs in specialized fields (e.g., healthcare, geospatial).
Domain-specific standards and ontologies (e.g., HL7 FHIR in healthcare).
Techniques for assessing and improving data quality in KGs. Governance models
and policies for maintaining KGs.
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Table 4

Course Data Categories and Descriptions

Category Description Key Data
Course Data Basic information about the course, such as the title and a descriptive overview. | Title AND
Details such as notional hours and copyright information are included to pro- | description AND

vide context and support legal compliance for the reuse and sharing of course | notional hours AND
content. Since notional hours are calculated differently across countries, this is | license

presented on the user interface as the “time needed to complete the course.”
Clear copyright details define ownership and permissible use of educational
content, protecting both creators and users from unintentional infringement. In
the context of this project, copyright information is essential for maintaining
transparency, trust, and legal clarity when contributing or accessing course con-
tent in the shared KG.

Course Content Covers primary educational materials, such as lecture notes, assessments, and | Core resources,
datasets. Additional resources, such as external links and supplementary assess- | such as educational
ments, enhance the learning experience. resources OR assess-

ments OR datasets

Learning Aspects Focuses on the pedagogical objectives, including the main topics taught, skills | Knowledge  topics
developed, and intended learning outcomes. This ensures alignment with ed- | OR skills or learning
ucational goals and facilitates cross-course comparability. Learning outcomes | outcomes

are not mandatory, as not all courses are required to list them explicitly.

Facilitators Includes information about the contact person(s) responsible for the course, as | Name AND email
well as details about teaching assistants and tutors. AND affiliation of
the course provider
OR tutors/lectures

Requirements for | Outlines entry requirements and prerequisites, such as required software and the | Entry requirements
Following the Course | intended target audience. This information helps learners assess readiness and | OR required software
assists educators in aligning teaching with learner needs. OR audience

the KG and defining entities, attributes, and relationships. Each of the categories was designed to capture both
mandatory and optional data points. Table 4 explicitly distinguishes between mandatory and optional elements; the
logical “AND" denotes compulsory fields, while “OR" denotes alternative optional descriptors that may be provided
depending on course context. A balanced minimum set of entities per classification was made compulsory for
educators to complete when inputting their course data, to ensure that sufficient entities, attributes, and relationships
can be defined to construct the KG and facilitate course connections and thus knowledge sharing.

The pedagogical classification presented in Table 4 structures the core educational entities and relationships
that can be represented in the Teaching KG, while explicitly distinguishing between mandatory and optional ele-
ments. This classification is designed to ensure that a minimal, pedagogically meaningful description of courses
and resources can be captured, while still allowing richer contextual information to be provided when available. By
organizing learning outcomes, skills, knowledge topics, and educational resources within a shared semantic struc-
ture, the Teaching KG enables these elements to be interrelated in a consistent and reusable manner, supporting
subsequent reflection on the coherence of course design.

For example, a learning outcome such as “students can write SPARQL queries to retrieve data from an RDF
graph” can be represented in the KG through its association with relevant skills (e.g., SPARQL querying), knowl-
edge topics (e.g., SPARQL syntax and querying RDF data), and corresponding educational resources. These re-
sources may include theoretical materials introducing the SPARQL language, as well as practical materials such as
guided query exercises or hands-on laboratory sessions using RDF datasets. Where available, assessment-related
resources (e.g., practical assignments or exams requiring SPARQL query formulation) can be linked to the same
learning outcome. While the Teaching KG does not enforce a specific instructional design methodology, this explicit
representation of relationships can support instructors in examining whether learning outcomes are adequately sup-
ported by appropriate teaching materials and learning activities. In this way, the pedagogical classification facilitates
reflective course design, helps identify missing or weakly supported outcomes, and promotes more coherent align-
ment between objectives, resources, and educational level.
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4.3. Competency Questions into SPARQL Queries

The competency questions describe the potential use cases of the teaching KG and the ontology that structures it.
In Table 5, we present the competency questions that were previously described by Ilkou and Jimenez [1], along with
their coverage in this paper. We then provide the SPARQL queries corresponding to these competency questions
grouped by topic, course, dataset, and educational material. We disclose the SPARQL queries for the competency
questions we cover in this paper. In Table 5, the Yes* answers refer to a slight change in the competency question
to retrieve the theoretical educational material instead of a specific multimedia type (e.g. slides). As reported, we
cover most of the competency questions and allow a wide range of retrieval resources from the ontology and the
system interface.

Table 5

The use cases presented as competency questions taken from Ilkou and Jimenez [1], and the coverage in the Teaching KGs. The “Yes*" annotation
refers to a slight change of the competency question.

Competency questions from Ilkou and Jimenez [1] | Ontology answered by SPARQL queries | System answered by Interface

For (sub)topic X
Who is teaching X? Yes Yes
Which are the materials for X? Yes Yes
Which are the prerequisites of X? Yes Yes
Which are the laboratories for X? Yes Yes

For course Y

Who is the target audience for Y? Yes Yes
Which educational level does Y target? Yes Yes
Who is teaching Y? Yes Yes
Which slides are linked to Y? Yes* Yes*
Which labs are part of Y? Yes Yes
Which courses are similar to Y? No Yes
Which are suggested resources for Y? Yes Yes
For dataset D
Which exercises exist for D? No No
Which courses use D? Yes No

For material M

Which courses use a material similar to M? No Yes
How much similar is M to another material? No Yes
Which topics does M cover? No Yes*

Is M open access? Yes Yes

Below, we describe the SPARQL queries used to retrieve answers for each competency question. We group the
SPARQL queries by thematic as presented in Table 5.

4.3.1. For (Sub)topic X

The competency questions which are referring to topics and subtopics are mapped as skills and knowledge topics
in our ontology. For retrieving the information we formulate four SPARQL queries.

a. Who is teaching X? Retrieve all instructors teaching courses that cover the topic X.

PREFIX base: <https://w3id.org/def/courses#>

SELECT ?person
WHERE {
?course base:teaches ?topic
?course base:responsibleEntity ?person
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FILTER (?topic = <X>) # replace X with URI of the given Knowledge Topic

b. Which are the materials for X? List all educational resources (materials) associated with the (sub)topic X.

PREFIX base: <https://w3id.org/def/coursesi#>
PREFIX schema: <http://schema.org/>

SELECT DISTINCT ?material

WHERE
?course base:teaches ?topic
?course schema:hasCourseInstance ?courseSession
?coursesSession base:containsResource ?material

FILTER (?topic = <X>) # replace X with URI of the given Knowledge Topic

c. Which are the prerequisites of X? Identify all prerequisites required for the topic X, meaning the skills or
knowledge topics that the experts identified as prerequisites.

PREFIX base: <https://w3id.org/def/courses#>
PREFIX educor: <https://github.com/tibonto/educor#>

SELECT DISTINCT ?prerequisite
WHERE {
?prerequisite educor:requiresKnowledge ?topic

FILTER (?topic = <X>) # replace X with URI of the given Skill

d. Which are the laboratories for X? Find all laboratories, meaning the practical educational material, associated
with the knowledge topic X.

PREFIX base: <https://w3id.org/def/courses#>

PREFIX schema: <http://schema.org/>

PREFIX edutype: <https://w3id.org/def/courses/kos/educational-type/>
PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

SELECT DISTINCT ?practice
WHERE {

?course base:teaches ?topic

?course schema:hasCourseInstance ?courseSession
?coursesSession base:containsResource ?material
?material base:hasType ?practice

?practice skos:hasTopConcept edutype:practice

FILTER (?topic = <X>) # replace X with URI of the given Knowledge Topic
}

4.3.2. For Course Y
a. Who is the target audience for Y? Retrieve the audience for course Y, such as software engineering master
students.
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PREFIX schema: <http://schema.org/>

SELECT 7audience
WHERE {
?course schema:audience ?audience
FILTER (?course = <Y>) # replace Y with URI of the given Course

b. Which educational level does Y target? Determine the educational level targeted by course Y, such as Master.

PREFIX schema: <http://schema.org/>

SELECT ?educationallLevel
WHERE {
?course schema:educationallevel ?educationallevel
FILTER (?course = <Y>) # replace Y with URI of the given Course

c. Who is teaching Y? Identify all instructors teaching course Y.

PREFIX schema: <http://schema.org/>
PREFIX base: <https://w3id.org/def/courses#>

SELECT ?person
WHERE {
?course schema:hasCourseInstance ?courseSession
?courseSession base:schema:instructor ?person
FILTER (?course = <Y>) # replace Y with URI of the given Course

d. The query "Which slides are linked to Y?" has been reformulated as "Which theoretical materials are linked to
Y?". In the original formulation [1], educational resources were categorized into slides and labs. This terminology
has been generalized to theoretical and practical materials, since the Knowledge Graph now incorporates a wider
variety of content formats beyond slides and labs, including textbooks and other resources.

List all theoretical educational material associated with course Y.

PREFIX base: <https://w3id.org/def/courses#>

PREFIX schema: <http://schema.org/>

PREFIX edutype: <https://w3id.org/def/courses/kos/educational-type/>
PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

SELECT DISTINCT ?theory
WHERE {

?course schema:hasCourseInstance ?courseSession
?coursesSession base:containsResource ?material
?material base:hasType ?theory

?theory skos:hasTopConcept edutype:theory

FILTER (?course = <Y>) # replace Y with URI of the given Course

e. Which labs are part of Y? Find all laboratories associated with course Y.
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PREFIX base: <https://w3id.org/def/coursesi>
PREFIX schema: <http://schema.org/>

PREFIX edutype: <https://w3id.org/def/courses/kos/educational-type/>

PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

SELECT DISTINCT ?practice
WHERE ({

?course schema:hasCourseInstance ?courseSession
?coursesSession base:containsResource ?material
?material base:hasType ?practice

?practice skos:hasTopConcept edutype:practice

FILTER (?course = <Y>) # replace Y with URI of the given Course

g. Which are suggested resources for Y? Retrieve all educational resources offered for course Y.

PREFIX base: <https://w3id.org/def/courses#>
PREFIX schema: <http://schema.org/>

SELECT DISTINCT ?material

WHERE {
?course schema:hasCourseInstance ?courseSession
?coursesSession base:containsResource ?material

FILTER (?course = <Y>) # replace Y with URI of the given Course
}

4.3.3. For dataset D
a. Which courses use D? Identify all courses that utilize dataset D.

PREFIX base: <https://w3id.org/def/courses#>
PREFIX schema: <http://schema.org/>

PREFIX edutype: <https://w3id.org/def/courses/kos/educational-type/>

PREFIX skos: <http://www.w3.0rg/2004/02/skos/core#>

SELECT DISTINCT ?course

WHERE {
?course schema:hasCourseInstance ?courseSession
?courseSession base:containsResource ?dataset

FILTER (?dataset = <D>) # replace D with URI of the given Dataset

}
4.3.4. For Material M

a. Is M open access? -> Which M is open access? List all the educational material M that are publicly accessible.

PREFIX schema: <http://schema.org/>
PREFIX educor: <https://github.com/tibonto/educor#>

SELECT ?material
WHERE ({
?material a educor:EducationalResource ;
schema:isAccessibleForFree true
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5. Teaching KG
5.1. Pipeline for Creating a Teaching KG

In this section, we present the pipeline used for constructing the KG. The main aim is to develop a sustainable and
maintainable workflow that allows incorporating changes at any level of the KG, including ontology changes, new
input data sources, and removing old data. For this purpose, we rely on the RDF Mapping Language (RML) [36],
a declarative mapping language that provides support for transforming any (semi)structured data format into RDF.
For the workflow, we use the methodology proposed in [37]°, which extends the Linked Open Terms methodology
(LOT) [38] for ontology development and incorporates the creation of KGs and the life cycle of all related artifacts.
An overview of the proposed approach is presented in Figure 2.

/~ Courses
\\Ontology/ Y

[YATTER|

YARRRML

——<3; o

‘.\\//.' O 'y \

e morphE >‘.-‘. 5
(@]

Figure 2. The followed pipeline to transform educations resources and integrate them into the Courses Ontology.

5.1.1. Knowledge Graph Construction

We transform (semi)structured input data into an RDF-based knowledge graph using RML mappings. For this
first version, the data are provided in CSV files, but the pipeline can be adapted to any kind of common data format
(CSV, JSON, XML, RDB). To facilitate this task, we use first OWL2YARRRML tool'’ to draft the mappings. This
tool takes an ontology as input and generates a set of YARRRML [39] templates (see Listing 1 as an example for
the educor:Skill class) that can be then filled by the knowledge engineer with the data references (Listing 2).
Once the mappings are complete, we translate them into RML using Yatter [40] (see Listing 3). Yatter is a Python-
based tool that translates YARRRML into a easy-to-read RML, facilitating its debugging. Finally, the input data
is transformed into RDF using Morph-KGC [41]. With this approach, we ensure maximum flexibility, as the new
specification of RML [36] allows the integration of any kind of semi-structured format. To ensure high performance
and scalability during the transformation process we decided to select Morph-KGC based on the last benchmark
results [42, 43].

map_skill:
sources:
=[]
s: http://example.org/resource/skill/$ ()
po:
- [ rdf:type, educor:Skill ]
- [ schema:educationalLevel, $() ]
— p: schema:assesses
o:
- function: join (map_learning_outcome, equal($(), $()))
— p: schema:teaches
o:

9https://lot.linkeddata.es/LOT4KG/
10https://github.com/oeg-upm/owl2yarrrml/
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- function: join (map_knowledge_topic_t, equal($(), $()))
- p: schema:teaches

- function: join (map_knowledge_topic_f, equal($(), $()))
— p: educor:requiresKnowledge

- function: join (map_knowledge_topic, equal($(), $()))
— p: courses:competencyRequired

o:
- function: join (map_competency_req, equal($(), $()))
Listing 1: YARRRML mapping template (empty placeholders)
map_skill:
sources:

- [kg_topics.csv~csv]
s: http://example.org/resource/skill/$ (skill)
po:
- [rdf:type, educor:Skill]
schema:educationalLevel, $(educationalLevel) ]

[
[

- p: schema:assesses
o:

function: join(map_learning_outcome, equal ($(assesses),$(assesses)))
schema:teaches

I
o 's

function: join (map_knowledge_topic_t, equal($ (teaches_t),$ (teaches_t)))
schema:teaches

I
o 's

function: join (map_knowledge_topic_f, equal($ (teaches_f),$(teaches_£f)))
educor:requiresKnowledge

I
o 's

function: join (map_knowledge_topic, equal ($(requiresKnow), $ (requiresKnow)))
— p: courses:competencyRequired
o

— function: join (map_competency_req, equal ($(competencyReq), $ (competencyReq)))

Listing 2: YARRRML mapping instantiated for kg_topics.csv

<map_skill> a rml:TriplesMap;

rml:logicalSource |
rml:source "kg_topics.csv";
rml: referenceFormulation gl:CSV
17
rml:subjectMap |
rml:template "http://example.org/resource/skill/{skill}";
rml:class educor:Skill;
1i
rml :predicateObjectMap |
rml:predicate schema:educationallevel;
rml:objectMap |
rml : reference "educationalLevel";
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1;
1i
rml :predicateObjectMap |
rml :predicate schema:assesses;
rml:objectMap |
rml:parentTriplesMap <map_learning_outcome>;
rml: joinCondition [ rml:child "assesses";rml:parent "assesses"; 1;
1i
1i
rml :predicateObjectMap |
rml :predicate schema:teaches;
rml:objectMap |
rml :parentTriplesMap <map_knowledge_topic_t>;
rml: joinCondition [ rml:child "teaches_true"; rml:parent "teaches_true"; ];
17
1i
rml :predicateObjectMap |
rml :predicate schema:teaches;
rml:objectMap |
rml :parentTriplesMap <map_knowledge_topic_f>;
rml: joinCondition [ rml:child "teaches_false"; rml:parent "teaches_false"; 1;
1i
1;
rml :predicateObjectMap |
rml:predicate educor:requiresKnowledge;
rml:objectMap |
rml:parentTriplesMap <map_knowledge_topic>;
rml: joinCondition [ rml:child "requiresKnow"; rml:parent "requiresKnow"; ];
1i
17
rml :predicateObjectMap [
rml:predicate courses:competencyRequired;
rml:objectMap |
rml :parentTriplesMap <map_competency_reqg>;
rml: joinCondition [ rml:child "competencyReq"; rml:parent "competencyReqg"; 1;

1

Listing 3: RML mapping for map_skill in Turtle

5.1.2. Life Cycle and Sustainability

As any computational resource, the created KG can suffer changes. The changes can be: i) at the schema level
if the ontology evolves into new versions; ii) at the data level, if there are new input sources to be integrated or
those already transformed into RDF are modified. To mitigate the impact of the first one, we rely on the LOT4KG
methodology [37] and the tool OntoRipple'! [44], that helps to propagate ontology changes over RML mappings in
a semi-automatic way. For the second case, there is still no novel solution that facilitates the integration of new input
sources, but the procedure will be similar to the one performed for generating the first version of the KG. Mapping
rules will need to be updated manually, adding the new sources and associated rules, and then the KG is regenerated.
For the re-generation, our aim is to use IncRML [45], ensuring that only the new triples are actually generated.
IncRML builds on the use of KG snapshots and Linked Data Event Streams (LDES) to capture changes over time
and to incrementally adapt RML mappings accordingly, enabling the selective generation of RDF triples without

Mhttps://github.com/oeg-upm/OntoRipple
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full re-materialization. In this work, IncRML is considered as a promising direction for reducing regeneration costs
rather than as a fully integrated component.

From a long-term sustainability perspective, the project explicitly adopts an open and community-driven ap-
proach. All core artefacts produced within the project, including ontologies, RML mappings, transformation work-
flows, and supporting documentation, are made publicly available under open licenses, ensuring transparency, re-
producibility, and long-term accessibility. This openness lowers the barrier to entry for third-party contributions,
enabling external researchers and practitioners to actively participate in the maintenance and evolution of the KG
by proposing new data sources, mappings, or refinements.

In addition, ontology evolution is explicitly addressed through the adoption of the OWL Change Ontology (OCH)
vocabulary'? to formally represent and publish ontology versions and changes over time. By making ontology
updates explicit, machine-readable, and publicly accessible, OCH facilitates systematic change tracking, supports
automated impact analysis, and enables downstream users to adapt their mappings and applications accordingly.
Combined with open tooling and incremental regeneration mechanisms, this approach ensures that the KG can
evolve in a controlled, transparent, and community-supported manner well beyond the lifetime of the project.

5.2. Web Application

Although the Semantic Web experts are the primary users of the Teaching KG, we anticipate potential interest
from educators and users with non-technical backgrounds. Therefore, a simple and user-friendly approach to in-
teract with the KG is essential to allow users to utilize the Teaching KG’s content and capabilities effectively. To
accomplish this goal, we developed a web-based application, which supports predefined use cases, designed to allow
users to create a new course on KGs, extend their already existing courses with content from the KG, or browse
existing content of other courses in the KG.

The web application (see Figure 3) is designed around the features of reading from, and writing to the KG,
supporting adding new course facilitators, exploring KG content, or creating new content, among other features
(Figure 3A).

5.2.1. Interface Design

The design of the Teaching KG interface followed an iterative and interdisciplinary approach, involving experts in
pedagogy, Semantic Web technologies, and software development. The primary goal of this process was to develop
an interaction model that enables instructors to insert and manage course data in a manner that is both pedagogically
meaningful and technically consistent with the underlying ontology.

Pedagogy experts contributed by defining the pedagogical classification presented in Section 4.2.1 and by prior-
itizing the educational entities that reflect learning design principles, such as learning outcomes, skills, and knowl-
edge topics. Their input guided decisions on which elements should be mandatory to ensure a minimal pedagogical
description and which could remain optional to accommodate institutional and contextual diversity. Semantic Web
experts ensured that the interface workflows aligned with the ontology structure and semantic constraints, prevent-
ing inconsistent or incomplete representations during data entry. Software developers translated these requirements
into concrete UX/UI design decisions, focusing on reducing cognitive load, supporting incremental data entry, and
adhering to established usability principles for web applications. The interface design was refined through multiple
design sessions, in which interaction flows, data entry forms, and validation mechanisms were jointly reviewed.
These sessions informed decisions such as optional fields, pre-defined lists of options, contextual guidance embed-
ded in the interface, and validation rules reflecting the pedagogical classification. All experts involved in this process
were recruited from the authoring team of the paper, ensuring close collaboration and shared domain understanding
throughout the design and implementation phases.

To operationalize the pedagogical classification while maintaining a low entry barrier for educators, the interface
adopts a progressive data entry strategy that balances minimal mandatory input with optional enrichment. Only a
set of essential metadata fields is required to ensure KG consistency and improved course connectedness, while
additional information can be provided incrementally, e.g., through completing and extending the course content in

2http://w3id.org/def/och
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M) TeachingKG  Hor Course. About
Bild Your New Course

Course MetaData Visual Course Structure

Build and Manage Educational Courses E.

# Create 2 Add Facilitators T Find Resources

Session and Topic creation |[s

omantic Web,

| } ‘ o ok
Similar Courses in the KG ‘ Interactive Knowledge Graph

e Toples Lovels

Weok 2: dentiying Things with UR! and ROF

Weok 3: Querying ROF(S) with SPARQL

Figure 3. Web application interface structure, tabs, and use cases. A: Hhome page, B: Creating a new course, C: Searching resources within the
KG

separate sessions. The interface supports this process through usability-oriented features such as auto-completion
for predefined or previously used values, contextual highlighting of missing information relevant to retrieval qual-
ity, and the visualization of exemplary similar courses from the KG course as a reference structure. Throughout
the interaction, users receive feedback during data submission and retrieval, and are provided with contextual guid-
ance for the input of course data and content. The web application is implemented utilizing a lightweight Flask'?
backend, combining read-only access to an RDF knowledge graph with authenticated data entry workflows backed
by a Neo4j'* graph database. RDF KG data are used to support catalogue browsing and exploration of the online
KG, while Neo4;j is employed as a space to persist courses authored through the interface, store associated course
embeddings, and support an offline, computationally efficient calculation of course similarities. The web application
is mainly written in Python and can be accessed at our GitHub repository..

5.2.2. User Experience

To illustrate how users interact with the Teaching KG and to demonstrate the system’s core functionality, we
describe two representative use cases. These use cases are application-driven; each emphasizes on the user’s goal,
the sequence of interface interactions, and the system responses generated through KG-based retrieval, validation,
and visualization mechanisms.

Use Case I: Creating a New Course and Validating Mandatory Fields Suppose a teacher wants to design a new
course on KGs without relying on previously prepared teaching material. The primary interaction goal is to explore
existing courses, topics, and educational resources in order to construct a coherent course outline. To initiate the
course design process, a user selects the “Create Your Course” option in the interface (Figure 3B). They are guided
through a structured form that groups input fields into logical categories, including general course information (title,
description, keywords, and learning goals) and target audience specifications.

After specifying the intended audience level and defining prerequisites such as basic database knowledge and
familiarity with Python, the user initiates a content search. The system detects missing keywords and prompts the

Bhttps://flask.palletsprojects.com
“https://neodj.com
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user to provide them, highlighting their importance for identifying thematically similar courses. Once the search
is submitted, the system queries the Teaching KG by combining course metadata, learning goals, keywords, and
audience constraints, while excluding prerequisite topics from the retrieved results.

Upon submission, the system validates the completeness of the provided metadata. If mandatory fields, such as
copyright or licensing information, are missing, the interface presents targeted feedback explaining the relevance of
the missing metadata for course sharing and reuse. The user is directed to contextual help elements that summarize
licensing options and provide links to external guidance.

The interface presents the results in two complementary views, first in a tabular overview listing relevant courses,
topics, and linked educational resources, and secondly on a graph-based visualization that shows how courses and
resources are interconnected within the KG, as shown in Figure 3B “Visual Course Structure". Through these views,
the user can explore reused resources, identify commonly referenced materials, and assess their relevance and cred-
ibility for inclusion in her own course.

Use Case II: Resource Discovery When a learner or a teacher seeks targeted educational resources for a specific
topic, they can use the Teaching KG to locate high-quality, relevant learning materials while maintaining contextual
awareness of related topics and courses. Initially, the learner begins the interaction by selecting the Search for
Learning Content option (Figure 3C). The interface provides a search field that supports multiple query terms, along
with filter options based on course level, language, resource type, and openness. These controls are designed to
balance expressive search capabilities with usability and to reduce the need for repeated queries.

When the search is executed, the system analyses the query terms and selected filters to retrieve relevant content
from the Teaching KG. The results are displayed in both a table view and a graph visualization. The table view
enables quick inspection of resource metadata and direct access to materials, while the visualization reveals how the
retrieved resources are connected to other topics and courses within the KG.

This dual presentation supports both goal-oriented retrieval and exploratory learning. Learners can efficiently
access specific resources while also discovering adjacent concepts and related learning paths, leveraging the inter-
connected structure of the KG.

5.2.3. Similarity Computation

When requesting educational content from the KG, the system retrieves relevant courses and their topics on the
users input. Course relevance comprises two aspects:

e Direct relevance by identifying matching courses in the KG, whose titles match one or more of the search terms
written by the user.

e Textual semantic relevance by searching for courses whose titles are semantically similar to the user’s search
terms. Semantic textual similarity (STS) is calculated using the Sentence Transformers (SBERT)!®> models in
Python. We calculate the embeddings of each title and use a cosine similarity between the embedding vectors,
to identify similar course titles. This approach is also implemented on the (sub)topic, and the educational resource
(material) levels, in a similar manner, to identify (sub)topic and material similarity and answer the competency
questions in Table 5 from the interface side. Embeddings are generated and stored separately for those entity types.
Similarities are calculated on the same entity type and translated into KG relations among similar nodes. This ap-
proach allows flexible and customizable retrieval of, e.g. similar courses, through controlling the KG queries that
utilize the transitive relations between courses, e.g. through their skills or topics.

In order to ensure computational efficiency, STS is pre-calculated among all courses, (sub)topics, and materials
only once, in contrast to calculating the similarities in real time at each user request. Those similarities are then
stored in a latent space, enabling the search for relevant content to the user query, directly or transitively.

The retrieved data from the search is displayed in a table, including the metadata and structural information on the
courses and their educational resources. Users can access these through their openly shared links. Due to copyright
restrictions, the educational resources cannot be downloaded directly from the system, but are accessible via their
original sources on the web, which the instructors provided when inserting new content in the KG. To avoid a system
fail when the content of the KG does not include materials relevant to the user query, or when SPARQL queries fail

Shttps://sbert.net/
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for any reason, error handling in the system’s back-end falls back to empty response structure and prioritizes a clear
communication with the user through the interface, to provide clearer or different search terms, or try again due to
a query-error.

SBERT is used as a pre-trained model, accessed via the HuggingFace Transformers Python module, without ad-
ditional domain-specific fine-tuning. This choice was motivated by prior work demonstrating that SBERT produces
high-quality sentence embeddings, with an average accuracy of 87.41 for the base model and 87.69 for the large
model [46]. This accuracy is suitable for semantic similarity tasks while maintaining computational efficiency. To
ensure scalability and efficient query performance, the latent embedding space is structured in accordance with the
ontological organization of the KG and implemented using a Neo4j graph database. Textual embeddings are com-
puted offline for course-related textual content, specifically titles and descriptions, and stored directly as properties
of the corresponding graph entities. This design minimizes the computational overhead associated with real-time
embedding generation and cosine-similarity calculation, and enables fast similarity-based retrieval over large num-
bers of courses.

6. Evaluation
6.1. Validation

We selected OWL as the modelling language for the ontology as it provides unambiguous semantics and brings
reasoning capabilities. Enabling an ontology-driven data creation pipeline will minimise errors in the data [47] (e.g.,
out-of-range data values, incorrect domains and ranges for a property in a triple). The reasoning capabilities of OWL
will ensure that the correctness of the generated data is maintained, at least with respect to obvious logical errors
[48-50] (i.e., detection and repair of unsatisfied classes and data inconsistencies).

There are, however, some desired reasoning features that are not captured by OWL, given its Open World As-
sumption nature. For example, integrity constraints used for data validation are not available in OWL. There cur-
rently exist a number of approaches to represent data constraints using languages like SHACL'® and ShEx [51].
Alternatively, as proposed by Kharlamov et al. [52], a subset of the OWL axioms can also be interpreted as integrity
constraints. These OWL axioms can be represented as SHACL or ShEx constraints or transformed into (datalog)
rules with (stratified) negation [52]'7. The use of datalog rules to represent integrity constrains enables the use of
efficient and sound datalog engines (e.g., RDFox [53])'8.

For example, Table 6 shows the interpretation of existential restrictions on the right-hand side of OWL subsump-
tion axioms as integrity constraints via datalog rules. The rules highlight missing information in the data (e.g., the
license of a course and the author of an educational resource), which would otherwise be assumed to exist some-
where using OWL’s open-world semantics. These constraints can also be expressed in ShEx or SHACL as we show
in Table 7. It is also possible to define shapes that can be used to explicitly identify nodes with some missing
properties which can be used for recommendations as expressed in Table 8.

The use of datalog also enables the addition of rules that can enhance the reasoning beyond OWL reasoning and
the integrity constraints. For example, in our setting, in the form of recommendations or shortcuts to facilitate the
querying. For example, Table 9 shows a series of rules to enable the recommendation of a topic for a course.

6.2. Stakeholders Feedback

To further explore whether the Teaching KG meets the needs of its intended users, we gathered insights from
stakeholders. This study aimed to investigate the expectations, preferences, and concerns of educators and re-
searchers within the Semantic Web community regarding the development of a KG resource catalogue. Through

16https://www.w3.org/TR/shacl/

7Codes to interpret a subset of OWL axioms into datalog rules are available here: https:/gitlab.com/ernesto. jimenez.ruiz/
ontology-services-toolkit

18The datalog engines should support stratified negation-as-failure.
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Table 6

OWL Axioms as Integrity Constraints.

OWL Axiom

Integrity Constraint as Datalog Rules

Course SubClassOf: license some xsd:string

hasLicense(?x) < license(?x, ?y)
MissingLicense(?x) <— Course(?x) A not hasLicense(?x)

EducationalResource SubClassOf: author some Person

hasAuthor(?x) <— author(?x, ?y) A Person(?y)

MissingAuthor(?x) <— EducationalResource(?x) A not hasAuthor(?x)

Table 7

ShEx and SHACL shapes to identify missing properties.

ShEx

SHACL

<Course> {
a [ schema:Course ] ;
schema:license rdf:langString + ;
#

<Course> a sh:NodeShape ;
sh:targetClass schema:Course ;
sh:property [
sh:path schema:license ;
sh:minCount 1

1

<EducationalResource> {
a [ educor:EducationalResource ] ;
schema:author E<Person> ;

}

<EducationalResource> a sh:NodeShape ;

sh:property [
sh:path schema:author ;
sh:class schema:Person

sh:targetClass educor:EducationalResource ;

<Person> { 1 #
# .

} <Person> a sh:NodeShape ;
sh:targetClass schema:Person ;
#

Table 8
ShEx and SHACL shapes to identify missing properties.
ShEx SHACL

<MissingLicense> {
a [ schema:Course ] ;
schema:license . { 0 }

<MissingLicense> a sh:NodeShape ;
sh:targetClass schema:Course ;
sh:property [

sh:path schema:license ;

sh:maxCount 0

1

<MissingAuthor> {
a [ educor:EducationalResource ] ;
schema:author . { 0 }

}

<MissingAuthor> a sh:NodeShape ;

sh:property [
sh:path schema:author ;
sh:maxCount 0

]

sh:targetClass educor:EducationalResource ;

semi-structured interviews with two stakeholders, who teach semantic web courses, and agreed to share their feed-
back anonymously for the purposes of our study, we sought to identify key themes, patterns, and recommendations
that would inform the design and implementation of an effective KG catalogue. The interview was formulated
around questions related to the future use of the Teaching KG catalogue by stakeholders and consisted of twelve
questions (Q1 - Q12) with no responses omitted, as shown in Table 10.
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Table 9

Datalog rules for recommendations.

Recommendation Datalog Rules
hasTopicOWL(?x) <— consistsOfKnowledge(?x, OWL)
Recommendation of RDF as topic hasTopicRDF(?x) <— consistsOfKnowledge(?x, RDF)
RecommendRDF(?x) <— Course(?x) A hasTopicOWL(?x) A not hasTopicRDF(?x)

Table 10
Knowledge Graph Catalogue Interview Questions by Theme and Classification
Code| Question Theme Classification
Ql What specific topics or areas within knowledge graphs do you believe should be | Content Topics and Materials
emphasized in the catalogue to align with your teaching objectives and expertise?
Q2 Can you share insights on how the structure and organization of the catalogue | Layers Semantic Layer Components
could best support students’ learning process and facilitate their exploration of
knowledge graph?
Q3 As a main user and stakeholder, what criteria would you use to assess the effec- | Purpose Usefulness Components

tiveness and usefulness of the knowledge graph catalogue in enhancing student
engagement and comprehension?

Q4 How do you envision leveraging the catalogue’s features, such as interactive vi- | Content Use-Cases and Examples
sualizations or query functionalities, to enhance students’ hands-on learning ex-
periences with knowledge graphs?

Q5 How do you plan to incorporate real-world case studies and examples from the | Purpose Usage of Teaching KG Con-
catalogue into your teaching to illustrate the practical applications of knowledge tent
graphs in various domains?

Q6 As lecturer in teaching knowledge graphs, what opportunities do you foresee | Purpose Potential of Teaching KG
for collaboration and knowledge sharing among educators within the catalogue’s

community?

Q7 What specific teaching objectives and expertise in semantic web would you ex- | Layers Learning Layer Components
pect to be present in the catalogue?

Q8 Could you share insights on how the catalogue’s structure and organization | Layers Re-use of Resources for Se-
would best be? mantic Layer

Q9 In your opinion, how could it best facilitate students’ comprehension and reten- | Purpose Learning Outcomes

tion of semantic web concepts, based on your teaching experience?

Q10 | In your opinion, what types of supplementary resources or materials should be | Content Linkage to Additional Re-
included in the catalogue to complement your teachings and provide comprehen- sources
sive coverage of semantic web topics?

Q11 | As amain user and stakeholder, what metrics or indicators would you consider | Purpose Measuring Pedagogical Effi-
essential for evaluating the success and effectiveness of the semantic web knowl- ciency
edge catalogue in supporting student learning and engagement?

Q12 | Other examples of catalogues or other resources that you are currently using or | Layers Literature Paradigms and Re-
find effective in your teaching practice? usage of Resources

The interviews revealed that the semantic layer of the catalogue is fundamental to supporting student learning, and
allows connecting different types of materials, such as open learning resources on the Web with tests. Regarding
content-related aspects, both experts underscored the importance of incorporating interactive visualizations and
query functionalities to promote hands-on engagement. They also highlighted the value of real-world case studies
and domain-specific applications as essential for bridging theoretical knowledge with practical understanding. In
terms of purpose, both participants agreed that ensuring the usefulness and effectiveness of the catalogue is crucial,
framing it as a dynamic pedagogical tool that enhances student engagement and comprehension rather than serving
merely as a static repository. Finally, both experts identified collaboration among educators as a core objective of
the catalogue and as a central driver for community-oriented and open educational resource development within this

=W N

w J o U

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51



@ J oy U W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

E. Ilkou et al. / Teaching KG 27

project.

Furthermore, we group the answers we received based on the classification of the questions into four common
themes: (1) structured semantic layer, (2) practical learning material and usages, (3) real-world use-cases and ex-
amples, and (4) collaboration and knowledge sharing. While the first themes correspond to the classification of the
interview questions, the latter, (4) collaboration and knowledge sharing) was introduced by the experts’ responses.
In Table 11, we report the alignment of each stakeholders’ expectations with the elements present in the Teaching
KG. Firstly, the Teaching KG is based on an ontology and semantic rules, which provide a structured and organized
framework for representing the concepts and relationships. This satisfies the stakeholders’ requirement for a well-
organized catalogue. Secondly, the Teaching KG includes labs and practical educational material that can be used
in assessments and hands-on learning experiences. Additionally, our project includes supplementary educational
resources that include practical downstream applications and usage of KG tools in real-world examples. Finally, by
adopting an open-source collaborative editing approach, we are creating a community-driven resource that allows
KG experts and educators to contribute by sharing their courses, and editing the future versions of the KG. Overall,
the Teaching KG addresses the needs of KG educators, and provides a comprehensive learning framework for KG
education concepts.

Table 11
The stakeholders’ expectations as grouped and reported by each interview, and the alignment of these elements with the Teaching KG.

Stakeholder Interview 1 Interview 2 Teaching KG
Expectations Alignment
Layers Suggesting consistency across resources  Proposing linking to semantic wikis for | Ontology supporting
so they are easy to find and reuse collaborative editing, defining templates | the KG

based on ontology
Content: Practical | Recommending interactive visualiza-  Suggesting practical tutorials (e.g., | Labs and practical ed-
Learning  Material, | tions and query functionalities Jupyter notebooks), interactive UI for | ucational material
and Usage SPARQL endpoint

Content:  Use-Cases
and Examples

Highlighting the importance of real-
world case studies and examples from
the catalogue

Proposing incorporation of real-world
case studies and examples into teaching
to illustrate practical applications

Supplementary edu-
cational material

Collaboration and
Knowledge Sharing

Suggesting open-source learning mate-
rials and collaborative development

Mentioning  potential  collaboration
among educators within the community

Open-source collabo-
rative edited resource

and collaborative editing

6.3. User Study

Further, we conducted a second round of user feedback collection to evaluate the system interface’s usability.
It is important to note that this evaluation provided insights into the front-end presentation of the system, rather
than the KG, ontology or data integration pipeline. The participants were asked to complete a predefined user
scenario in which they created a new course using the Teaching KG, as seen in Figure 3. The participants were
provided with a demo of the interface!® and the link to the testing platform?°. They could only access the survey to
provide feedback via the testing interface. We distributed the recruiting details via mailing lists and social media.
During this task, users could search the system to discover and reuse relevant courses, topics and skills already
available in the Knowledge Graph. The evaluation focused on assessing how effectively and efficiently users could
complete the course creation process, as well as their perceived usability of the system. After completing the task,
participants provided feedback through the system usability scale questionnaire (SUS) [54]. All responses were
collected anonymously, and no personally identifiable information was recorded or stored. Participation in the study
was entirely voluntary.

19¥ou can access the demo at https://www.veed.io/view/224d8176-95cf-4512-82b4-159261d809b3 ?panel=share
20You can access the testing interface at https://teaching-kg-onto.vercel.app/test
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We collected 19 valid responses from December 15th, 2025, until January Sth, 2026. The participants were
in majority aged between 29 and 44 years old, either on postgraduate or PhD educational level, and they had
predominantly advanced usage and familiarity with KGs on a daily or weekly basis, with advanced (3+ years) or
intermediate (1-3 years) expertise in Semantic Web and KGs, and were teachers in KGs (i.e. Teaching Assistants).

The SUS score 58.82 (SD = 22.95, median = 65, max = 95) indicates moderate perceived usability with high
variability which indicates heterogeneous user experiences as some liked the interface well (max=95.00), while
others were confused on its functionalities. The approximately 95% confidence interval for the mean is [48.50,
69.13] which indicates an above marginal and below average usability for the interface.

Qualitative feedback from optional comments field indicated that participants found the system conceptually
strong, but with functionality constrains: “I would like some options not to be excluding each other. For example
a course can be for both masters and phd. Also a course can both theoretical and practical so with hands-on
experience. This happens especially in the semantic web field. There were also not so much examples to draw from
(eg the topics) so the system might be much more complex when there are more examples. Overall however it was
very easy to use and very interesting!", and “I am not sure it is realistic that a topic (from a similar course) can only
be added to one week by default (of course one could add it to multiple weeks more manually, but that would be
some unnecessary effort). I can imagine many scenarios where a broader or larger topic is discussed over multiple
weeks and one might want to add that to multiple weeks. Similarly, I am not sure the activation of weeks for adding
previous topics is very intuitive. Maybe, instead a pop-up asking to which week(s) a topic should be added would be
a more intuitive way.". These findings may indicate that the system provides a solid foundation for assisting users,
particularly by offering access to relevant educational resources and information. However, future iterations should
further explore alternative user experience designs. For example, future versions could simplify educational level
classifications to undergraduate and postgraduate categories only, while also incorporating more detailed subtopic
visualisations, such as distinguishing RDF serialisation formats into specific representations like JSON-LD and N3.

Additionally, a participant indicated that the use-case tested, namely creating a course, was not the ideal for our
platform: “This tool is a great help if I want to add information about courses to a knowledge graph. Nevertheless,
I don’t see the big advantage if i would do it. If I wanted to prepare a course about KGs, I would first look for other
courses of the same subject. I could see an advantage if these courses were listed and added to a KG, so that I can
easily find them and see, what is taught. I would only use this tool if I wanted to add my course to a KG of other
courses, but not for building a course.”. Therefore, the most suitable use cases may involve the platform function-
ing primarily as a lookup or dictionary-style educational resource for quality, community-approved, institutional
courses, rather than supporting the dynamic creation of entirely new courses directly within the platform.

Moreover, there are indications of participant’s confusion regarding the interface’s functionality: “The key con-
fusion is why we need such an interface, which seems to build a graph with nodes of parts in a lectures.” and “The
division of materials into ressources, assessment, or database is unclear to me. How about uploading a pdf as a
ressource?". Some degree of user confusion regarding the presented interface elements is not unexpected, given
the novelty of the application and the absence of directly comparable systems with which users may already be
familiar. Furthermore, the inclusion of graph-based visualisations and the categorisation of educational materials
by type may not align equally well with all user preferences or interaction styles; an observation we aim to further
investigate into alternative interface designs and adaptive presentation strategies in future iterations of the platform.

One of the comments indicated that the goal and coverage of the interface was unclear and they expected to find
a greater availability of courses: “The system is not too difficult to use but I don’t find it particular usable, useful
or necessary. It would be useful if you could provide some background on the system: why you are building it, what
purposes does it serve, who is the target user, what unique features do you offer and why are useful. For example, 1
don’t understand why I need a course knowledge graph. Also, why I need a specialized course management system
for KGs? Why can I not use this system for other courses?". It is important to note that participants were provided
with a video demonstration explaining both the system functionality and the purpose of the evaluation scenario. Nev-
ertheless, we acknowledge that the proposed approach may also be applicable to courses and educational resources
beyond the specific domain explored in this study, a step that will require storing more personal information and
material that we do not own, such as slides to a course. Indeed, this is a current limitation of our system which we
aim to address in future work by focusing on inclusion of more courses, and non-personal data. However, currently
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Table 12

Future development feedback from a 5-point Likert scale (1 - strongly disagree, 5 - strongly agree).

Item Mean SD Interpretation
Reviewing similar courses helped identify overlooked topics ~ 3.00 1.38  Moderately positive, but not strong
Graph visualization on the side is helpful 3.11 1.44  Most positively perceived feature
Task prompted reflection on required metadata 2.89 1.52  Mixed but meaningful reflection
Course formulation had too many fields 2.16 1.07  Leaning toward disagreement

as we comply with the General Data Protection Regulation (GDPR) we do not process, reuse or crawl resources and
personal lectures information that have not been voluntarily added on our system [30].

Moreover, we collected further feedback for future developments in a structured way as seen in Table 12. The
goal was to evaluate current elements and design decisions that affect the effectiveness of the interface and could
secondarily affect its usability. Reviewing existing courses before authoring a new one was perceived as moderately
helpful (M = 3.00, SD = 1.38), suggesting that reuse of prior course structures supported topic discovery for many
participants. The graph visualization component received the highest mean rating (M = 3.11, SD = 1.44), indicat-
ing its perceived usefulness, albeit with substantial variability across users. Participants also reported that the task
prompted reflection on the metadata required for course development (M = 2.89, SD = 1.52). Concerns regarding
the number of required fields were less pronounced overall (M = 2.15, SD = 1.07), though some users did perceive
the formulation process as demanding.

Concluding, there are a few important things to consider. First, the objective of the user study was formative rather
than summative. Given that the Teaching KG interface is currently an early-stage (alpha) research prototype, the
primary goal of the evaluation was to identify usability challenges and design limitations, rather than to demonstrate
high or benchmark-level usability. Also, it is critical to note that the usability evaluation took place for one use
case and not for the whole functionality of our platform and KG, due to resource constrains. Secondly, at this
stage of development, the system has not yet undergone iterative interface refinement or user-centred optimization.
Moreover, there is no directly comparable or established reference system for course authoring based on educational
KGs that could serve as a usability benchmark or provide transferable design patterns. As a result, design decisions
were necessarily exploratory and driven by conceptual and pedagogical considerations rather than by prior usability
evidence. Finally, within this context, the reported usability results should be interpreted as diagnostic indicators
highlighting aspects of the interface that require improvement. The findings provide actionable insights that directly
inform future redesign efforts and iterative development of the system. Consequently, the usability evaluation is
intended to support system maturation rather than to position the current prototype as a finalized or production-
ready interface.

7. Potential Impact, Limitations and Future Work

We presented the project plan and motivation in November 2024 in the 23rd International Semantic Web Con-
ference, ISWC 2024, as part of the poster presentations [1]. The response the project received was overwhelmingly
positive and highlighted the significant interest in a Teaching KG for KG courses from the Semantic Web com-
munity. More specifically, 10 new lecturers stepped forward to contribute their courses to our project, and many
researchers expressed eagerness to use the KG once it is published. In addition, the discussions revealed a shared vi-
sion for exploring new research directions related to the Teaching KG. The feedback we received from ISWC 2024
underlined the prospect of building on this momentum to further develop and enhance the project with new features
and functionality. Further, the integration of Teaching KG with the Open Research Knowledge Graph (ORKG)?! and
other structured data sources has the potential to significantly enhance smart learning applications by tightly cou-
pling research knowledge with pedagogical design [55]. By linking learning objectives, courses, and assessments

2 https://orkg.org/
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in Teaching KGs to semantically structured research contributions in ORKG, educators can more easily identify
relevant, up-to-date scientific content and align it with instructional goals. This connection will support evidence-
informed curriculum design, enable semi-automated course and task generation, and facilitates reflective teaching
practices by making implicit pedagogical decisions explicit and machine-readable.

Despite its potential, our study has several limitations. Firstly, not all topics and skills relevant to KG education
are currently described within the KG, resulting in gaps in coverage. Our attempt to align our topics and skills with
the multilingual classification of European Skills, Competences, and Occupations, the ESCO classification?? proved
challenging due to its limited coverage of KG-specific topics, which restricts our ability to capture a broader range
of pedagogical content. Furthermore, the scope of educationally relevant data encoded within the skills and topics is
limited to pre-encoded information, which does not cover all aspects of teaching that are interesting to pedagogical
researchers. Additionally, the KG and ontology lack hierarchy and prerequisite relationships between skills, topics,
and content, making it difficult to facilitate a nuanced understanding of complex concepts. Our analysis also reveals
that many courses and educational resources are not open-source or accessible, limiting our ability to properly
classify and interlink them. Finally, the variety of formats in which educational resources are presented, such as pdf
slides and Jupiter notebooks, poses challenges in integrating them into a unified multi-modal KG, which highlights
the need for further standardization and research development.

This project defines the semantic structure for the deployment of KGs in education, which opens new opportu-
nities for neurosymbolic Al applications in education [56]. In future work, we aim to expand the capabilities of
the Teaching KG by implementing assessment analysis. In this regard, difficulty prediction mechanisms could be
utilized to better estimate the complexity of topics and assessments, tailoring course materials to the user’s level.
An extension could involve creating personalized student KGs to generate individualized learning paths based on
assessments and background knowledge, which are currently only minimally represented in the audience meta-
data. The semantic student model could be developed in collaboration with technology-enhanced learning experts
to provide personalized recommendations and smart learning analytics aligned with each student’s learning pref-
erences and goals. Furthermore, based on the feedback we received, a potential future step is the integration of
a question-answering system to support users in real-time. This would be particularly beneficial for new learners
in the Semantic Web who are not yet familiar with SPARQL queries. Additionally, one of our goals is to imple-
ment automatic semantic similarity detection to analyse new input sources and recommend related content based
on existing resources and knowledge topics in the KG. This approach could further enable dynamic content updates
and uncover hidden connections across resources. An alternative scalability strategy would be to expand beyond
semantic web courses and include educational materials and topic classifications across broader Al domains. As
Al literacy becomes an increasingly important concern, the Teaching KG could be extended to support newcomers
in Al learning. Furthermore, by utilising Language Models, we could offer a grounded generation of educational
material inspired by the educators content to assist assessment and accessibility [57-59].

8. Conclusion

We presented the Teaching KG for KG education which contains skills, knowledge topics, courses, instructors,
and KG course material. Our approach is grounded in a robust methodology for constructing pedagogically enriched
educational knowledge graphs, leveraging a high-level ontology and semantic constraints to ensure consistency and
reusability. We presented our preliminary evaluation and use cases, which demonstrated the potential impact of
this project. These preliminary results indicate to be a valuable resource for Semantic Web experts, and further
underline its capacity to enable smart education applications. Moving forward, we are committed to the continuous
development and maintenance of the Teaching KG, aiming to expand its utility and support for diverse educational
contexts.

22The ESCO classification can be accessed at https:/esco.ec.europa.eu/en
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