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Abstract

The need for structured and semantically rich data in higher education underscores the role of
ontology-based knowledge modeling. This study develops an ontology to represent national-
level student achievements, covering key aspects such as institution, achievement field,
category, year, level, and student status. Using a formal ontology engineering approach, the
ontology was developed in Protégé and encoded in OWL. Evaluation involved technical
validation and reasoning tests including class subsumption, consistency checking, instance
classification, and rule-based inference to assess logical soundness and semantic correctness.
Description Logic (DL) queries were also executed based on competency questions to evaluate
the ontology’s ability to support semantic querying. The results demonstrate that the ontology
effectively supports knowledge inference and structured data retrieval, offering strong potential
for integration within semantic web environments. This provides a foundation for data
interoperability and knowledge sharing across educational systems at the national level. Future
work includes expanding the ontology to incorporate dynamic achievement updates and
linking with external educational data sources.
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INTRODUCTION

Information plays a vital role in the
representation and management of data (Cabada
et al, 2023). In the current digital era, the
distribution and exchange of information have
become increasingly seamless with the aid of
technology. One of the most widely used
technologies for sharing and accessing data is the
World Wide Web (www), which functions as a
dynamic and powerful platform for knowledge
dissemination. With an almost limitless supply of
information and resources, the web contains
diverse and often complex data structures—
including names of individuals, places,
documents, and bibliographic references—all of
which are typically identified using Uniform
Resource Identifiers (URIs) (Hamdana &
Apriyani, 2020). Despite the abundance of
information available online, unstructured data
storage across different sources often results in
semantic ambiguity and difficulties in data
integration. This poses a significant challenge to
achieving effective data interoperability (Fusco &
Aversano, 2020; Masmoudi et al., 2024).

To address these challenges, ontology
engineering has emerged as a promising approach
for organizing and interpreting domain-specific
knowledge. Ontology refers to a formal, explicit
specification of a shared conceptualization that
models’  entities, their  attributes, and
interrelationships within a particular domain
(Kotis et al., 2020a; Lei et al., 2022). In computer
science and information systems, ontology
provides a means to structure knowledge
semantically and machine-readably, enabling
consistent reasoning and intelligent information
retrieval. It serves as a foundation for Semantic
Web technologies, where machines can
understand, interpret, and infer new information
from existing data (George Andreas, 2023;
Hagedorn et al., 2020).

The application of ontology engineering
has been widely explored across domains for its
ability to improve semantic clarity and data
interoperability. In healthcare, agriculture, e-
learning, and cultural heritage, ontologies support
tasks such as medical diagnostics, smart farming,
personalized learning, and metadata linking
(Dwyer et al., 2025; Fahad et al., 2021; Goldstein
etal., 2021; Ilkou et al., 2021; Meghini et al., 2021;
O’Neill & Stapleton, 2022). Various studies
further highlight ontology’s role in enabling
semantic integration and structured knowledge
modeling in smart cities, biomedical diagnostics,
wireless communication, halal certification, and
manuscript standardization (Chen et al., 2021;
Mohamad Hashim et al., 2023; Shi et al., 2019;
Wan et al., 2021; Zahila et al., 2021). These works

collectively underscore the practical value of
ontology engineering in solving semantic
problems and enhancing data discoverability
across sectors.

In the context of higher education, student
achievements are critical indicators of
institutional performance. These achievements
encompass a wide range of activities, including
academic competitions, research outputs,
entrepreneurship, sports, arts, and other
extracurricular pursuits. National-level student
performance data are typically collected and
submitted to the Ministry of Education to evaluate
and rank institutions. These rankings are intended
to motivate universities to enhance support for
student development and to recognize
outstanding accomplishments. However, the
increasing volume and complexity of student
achievement data—originating from diverse
institutions and involving various categories and
formats—present significant challenges for data
processing, integration, and retrieval (Beerkens,
2022; Wu, 2024).

To overcome these issues, there is a
growing need for a semantic model that can
represent, organize, and retrieve student
achievement data in a structured manner. An
ontology-based approach provides a viable
solution for this purpose (Ashour et al., 2020). By
formally modeling the key components of student
achievements—such as the source institution,
achievement category, year, level, field, and
student status—an ontology can facilitate
semantic reasoning and enable advanced querying
over the data. This, in turn, supports better data
interoperability between educational institutions
and government bodies and enhances the
efficiency of national ranking systems.

This study aims to develop an ontology for
modeling national student achievements using an
ontology engineering methodology. The goal is to
design a semantic structure that enables efficient
data organization and supports semantic web
integration for improved information retrieval.
The ontology is developed using Protégé, a widely
used tool for ontology modeling, and follows a
systematic engineering process encompassing
requirement  gathering, conceptualization,
formalization, and evaluation. The resulting
ontology is intended to serve as a semantic
foundation for systems that handle student
performance data at a national scale, ensuring
better interoperability, accessibility, and decision-
making.

RESEARCH METHODS

The development of an ontology requires
a systematic engineering process to ensure that
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the resulting model accurately reflects the
intended domain and supports semantic
reasoning. According to (Reginato et al., 2022),
ontology development generally begins by
identifying the domain and scope of the ontology,
reusing existing ontologies where appropriate,
defining classes and class hierarchies (subclasses),
specifying properties (also known as slots or
roles), and creating instances to populate the
ontology.

Requirement
Gathering

l

Conceptualization

)

Formalization

)

Evaluation

Figure 1. Ontology stage

In this study, the ontology was developed
and evaluated using dummy data synthetically
constructed to simulate plausible scenarios of
student achievement in higher education. The
dummy data were generated using predefined
templates based on actual student achievement
forms submitted to national ranking platforms.
These templates modeled typical fields such as

student names (anonymized), types of
achievements (e.g., science olympiad, arts
festival), years, institution names, and

competition levels. While no real student records
were used, the structure and value distributions
followed patterns observed in publicly available
summary reports, ensuring representativeness in
the data modeling. The use of this data aimed to
validate the logical structure, consistency, and
semantic queryability of the ontology while
adhering to privacy and confidentiality standards.
Future work may include applying the ontology
to real datasets upon obtaining appropriate
ethical clearance and institutional access.
Building upon this foundational approach,
the ontology engineering process used in this
study follows a more structured framework
commonly adopted in semantic web
development. This framework typically consists
of four major stages: requirement gathering,

conceptualization, formalization, and evaluation
(Kotis et al., 2020Db), as illustrated in Figure 1.

A. Requirement Gathering

Requirement Gathering involves
identifying the key objectives of the ontology, the
scope of knowledge to be captured, and the
competency questions that the ontology should
be able to answer (Espinoza et al., 2021). This
stage is crucial to ensure alignment with
stakeholder needs and to define the boundaries of
the domain—in this case, national-level student
achievements.

In this study, the main objective of the
ontology is to semantically represent student
achievement data to support efficient data
retrieval,  interoperability = among  higher
education institutions, and integration into
national student performance ranking systems.
The domain is scoped to include various
dimensions of student achievements such as the
achievements category (competitive or non-
competitive), achievements field (e.g., sciences or
social sciences), achievements level (e.g.,
university, regional, national), and student status
(e.g., scholarship or regular).

The intended stakeholders for this
ontology include the Ministry of Education,
university student affairs departments, and
developers of academic information systems, all
of whom require accurate and structured data for
reporting, evaluation, and decision-making
purposes. To guide the ontology design, a set of
competency questions was formulated to ensure
the ontology can answer practical queries
relevant to the domain. Examples include: Which
students from a particular university won
national-level awards in a given year? What fields
of achievement are most represented among non-
competitive student accomplishments? How
many students participated in international
competitions under the science and technology
category in the last five years? Which institutions
have the highest number of student achievements
in entrepreneurship?

These questions helped determine the
necessary classes, properties, and relationships to
be modeled in the ontology. They also ensured
that the developed ontology would not only
represent data adequately but also support
inferencing and semantic search functionalities
when integrated into semantic web platforms.
The outcomes of this requirement gathering
phase formed the foundation for the
conceptualization and formalization stages of the
ontology development process.

B. Conceptualization
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Conceptualization is the process of ontology’s capability to support semantic
abstracting and structuring domain knowledge querying and automated inference.
into a model composed of core entities (classes), To simulate realistic scenarios, the

their  attributes  (properties), and their
interrelationships (Castellanos et al., 2020). At
this stage, relevant concepts such as achievement
category, student status, institution, achievement
level, and achievement year are identified and
organized into a formal, hierarchical structure
that reflects the underlying semantics of the
domain.

C. Formalization

In the formalization stage, the conceptual
entities identified in the previous phase are
systematically structured into a formal ontology
schema. This process involves defining a class
hierarchy, specifying subclass relationships, and
establishing the structural foundation for the
ontology (Boudia & Bourahla, 2022). The
ontology is composed of four main classes:
Student, Achievement, Status, and Institution, all
of which are subclasses of the universal Thing
class. Each class and subclass contribute to a well-
defined semantic hierarchy that reflects the
structure of student achievement data.

D. Evaluation

The evaluation phase in ontology
engineering is crucial to ensure that the developed
ontology meets the intended objectives in terms of
correctness, consistency, and practical
applicability (Espinoza et al., 2021). In this study,
the evaluation focused on technical validation and
functional alignment, particularly in relation to
competency questions and reasoning support.
This approach aligns with the evaluation
framework proposed by Zaitoun et al. (2023),
which emphasizes consistency, completeness,
conciseness, and pragmatic utility.

Consistency was validated using the
HermiT reasoner in Protégé to detect logical
contradictions in class hierarchies and instance
assertions. Completeness was examined by
assessing whether the ontology could fully
represent all the concepts needed to answer the
predefined competency questions. Conciseness
was achieved by eliminating redundant or
overlapping axioms using built-in ontology
metrics.

To evaluate pragmatic utility, a series of
Description Logic (DL) queries was designed and
executed based on real-world competency
questions, such as retrieving students with
scholarships who received international awards,
or those involved in non-competition
achievements in specific years. The successful
execution of these queries confirmed the

ontology was populated with dummy data
representing students, affiliations, and types of
achievements. Reasoning processes, including
instance classification, property inference, and
rule-based reasoning using SWRL, were
implemented. For example, the system correctly
inferred that a student who received a national-
level entrepreneurship award qualifies as a high-
impact achiever, based on defined SWRL rules.

While the evaluation confirmed the
ontology’s logical soundness and functional
alignment, its domain scope remains limited to
simulated national-level achievement data. Future
work should involve validation using real
institutional datasets and integration with external
ontologies to enhance robustness and
applicability.

RESULT AND DISCUSSION

This section presents the results obtained
from the development and evaluation of the
student achievement ontology and discusses its
effectiveness in representing the knowledge
domain. The ontology was evaluated through
structural analysis, reasoning implementation,
and semantic querying to determine whether it
meets the design objectives and answers
predefined competency questions.

A. Ontology Hierarchy and Class Structure

In this study, the domain being modeled
is national-level student achievements. The
design process of the ontology began with the
construction of a class hierarchy that
systematically organizes concepts related to
student recognition in various academic and non-
academic contexts. The ontology comprises four
principal classes: Student, Status, Achievement,
and Institution. These classes serve to capture
distinct aspects of the domain and are interlinked
to allow comprehensive semantic representation.

The Student class represents individuals
who have earned achievements, whether through
competitive or non-competitive activities. Each
student instance is associated with a particular
higher education institution, which is further
classified under the institution class into Public
and Private institutions. The Status class provides
information on the enrollment category of each
student, such as whether they are recipients of the
Bidikmisi scholarship or are regular students,
thereby embedding a socio-academic context into
the ontology.

The most elaborated component of the
ontology is the Achievement class, which is
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subdivided into four key dimensions:
Achievement Field, Achievement Category,
Achievement Year, and Achievement Level. The
Achievement Field class is further categorized
into Soshum (Social Sciences and Humanities)
and Saintek (Science and Technology), each of
which contains specific subdomains such as
Religion, Language, Economics, Sports, Arts,
and Natural Sciences. The Achievement
Category class distinguishes between competitive
and non-competitive accomplishments.
Competitive achievements include titles such as
Winner 1, Winner 2, Winner 3, Honorable
Mention, and Best Performer, while non-
competitive achievements encompass areas like
Entrepreneurship, Community Service, Student
Exchange, and Recognition Awards.

To capture the temporal aspect of
accomplishments, the Achievement Year class
was introduced, enabling queries to be conducted
across specific timeframes. Similarly, the
Achievement Level class identifies the scale of
recognition, ranging from  institutional,
municipal, provincial, and national to
international levels. The inclusion of these classes
allows for multidimensional classification and
querying of student achievement data.

—’| Achievement

"| Achievement Field

—’| Social Sciences and Humanities (Soshum) |

—’| Science and Technology (Saintek) |

Achievement Categorv

oo ]
- [rorcommeion ]
- [ammmenion ]

44 Institution

Figure 2. Class and subclass hierarchy

This hierarchical structure was modeled
using the Protégé ontology editor and is
visualized in Figure 2. The ontology design and
class organization were guided by an initial
domain analysis and validated against a
predefined set of competency questions to ensure
alignment with the ontology’s intended purpose.

Moreover, the use of subclassing and property
restrictions reflects a structured taxonomy that
supports semantic reasoning and effective data
retrieval within a Semantic Web environment.
Overall, the ontology structure enables
meaningful inference, enhances interoperability,
and facilitates advanced knowledge
representation in the domain of student
achievements.

B. Object Properties and Semantic Relationships

Table 1 presents the taxonomy of the
ontology’s  classes and their subclass
relationships:

Table 1. Class and Subclass

Class Subclass of
Student Things
Status Things
Achievement Things
Institution Things
Achievement Field Achievement
Achievement Category  Achievement
Achievement Year Achievement
Achievement Level Achievement
Public Institution
Private Institution
Soshum Achievement Field
Saintek Achievement Field
Competition Achievement Category

Non-Competition Achievement Category

As illustrated in Table 1, the ontology for
student achievement is structured around four
primary classes: student, status, achievement,
and institution. The Achievement class
encompasses four key subclasses, namely Field,
Category, Year, and Level. These subclasses are
designed to represent various dimensions of both
competitive and non-competitive achievements
attained by students. The institution class is
further divided into two subclasses: Public and
Private, which denote the type of higher
education institution to which a student belongs.
Furthermore, the Achievement Field and
Category subclasses each contain additional
layers of subclasses to capture the specific domain
and type of the student’s achievements. This
hierarchical structure reflects a comprehensive
conceptual model of student achievement,
allowing for semantically rich representation.

In the design of the student achievement
ontology, object properties play a crucial role in
establishing semantic relationships between
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classes within the domain. The ontology model
incorporates six primary object properties that
describe the connections from the student class to
other relevant concepts, as seen in Table 3. The
property “Institution” links a student to their
affiliated institution, represented by the
Universitas class. “Recognition As” connects the
student to the type of recognition received,
defined by the “Achievement Category”. The
“Student Status” property indicates the student’s
enrollment status by linking to the Status class. In
addition, “Achievement Field” relates a student
to the academic or non-academic field in which
the achievement was earned, represented by the
“Achievement Field” class. ‘“Achievement
Level” associates students with the scope or level
of the achievement, such as university, regional,
national, or international, while “Achievement
Year” indicates the year the achievement took
place. These object properties form the structural
foundation of the ontology, enabling meaningful
data representation and retrieval across various
dimensions of student achievements.

C. Data Properties

In the design of the national-level student
achievement ontology, two data properties were
defined to capture additional descriptive details of
the activities undertaken by instances of the
Student class. These properties are presented in
Table 2 and serve to enrich the ontology with
structured, retrievable metadata. The first data
property, “ActivityID”, has the domain Student
and a range of “xsd:integer”, representing the
unique identification number of each activity. The
second, “ActivityTitle”, also has the domain
Student and a range of “xsd:string”, capturing the
descriptive title of the respective activity.
Together, these data properties facilitate more
precise querying and support use cases such as
reporting, tracking student involvement, or
integrating achievement into external system.

Table 2. Data Properties

Data Properties Domain Range
ActivityID Student xsd:Integer
ActivityTitle Student xsd:Integer

D. Rule Definition and Reasoning
The ontology includes a set of logical
rules designed to enable automated reasoning and

inference over the data. These rules were defined
by applying object property restrictions on
specific subclasses, where the restriction type was
set to “some” to accommodate one-to-many
relationships commonly found in student
achievement data. For example, in the
Championship subclass, rules were applied to
associate students with multiple types of
achievements, such as awards or recognitions,
thereby enabling the ontology to infer broader
participation patterns.

Through this mechanism, the ontology
can automatically classify individuals based on
the relationships they hold with other entities.
For instance, if a student is linked to a recognition
type categorized under "non-competition," and
the achievement year is set to 2020, the ontology
can infer that the student participated in non-
competitive activities during that year. This kind
of logical reasoning strengthens the ontology’s
utility in supporting semantic queries and
intelligent data retrieval.

While the rules were defined using the
Protégé editor, their functionality was validated
through successful reasoning processes using
built-in reasoners such as HermiT or Pellet. The
outcomes confirmed that the class hierarchies
and individual instances were logically consistent
and that the inferences aligned with the expected
semantic relationships defined in the model.
These inferences serve as a critical validation
step, ensuring that the ontology supports
advanced, criteria-based classification and
decision-making in future applications.

E. DL Queries for Ontology Validation

To assess the functionality and usefulness of the
ontology, Description Logic (DL) queries were
implemented. These queries were designed to
retrieve individuals who meet specific criteria,
validating whether the ontology could answer
predefined competency questions. Table 4
presents a selection of queries and their respective
results, for instance: (1) Querying for Bidikmisi
scholarship recipients who achieved international
recognition; (2) Finding students from specific
universities with notable achievements; (3)
Identifying students who participated in non-
competition events in a specific year. These
queries demonstrate the ontology’s ability to
process logical conditions and return accurate
information, confirming its readiness for use in a
semantic application.
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Table 3. Object Property

Object Property Sub Property of Domain Range
Institution - Student  Institution
Recognized As - Student  Achievement Category
Student Status - Student  Status
Achievement Field Recognized As Student  Achievement Field
Achievement Level Recognized As Student  Achievement Level
Achievement Year Recognized As Student  Achievement Year

Table 4. Queries

Query

DL Query

Query Result
(Dummy Instances)

‘Who are the Bidikmisi students
with international-level
achievements?

‘Who are the high-achieving
students from Telkom
University?

‘Who are the students with
non-competition achievements
in 20257

‘Who are the Bidikmisi students
with international-level
achievements in the Science
and Technology field?

‘Who are the students who
became entrepreneurs?

‘Who are the Bidikmisi students
from UGM who won 1st place

in the Science and Technology

field?

‘Who are the students from
UGM with non-competition
achievements?

Who are the students who
participated in student
exchange programs in 20257

‘Which students achieved in the
Science and Technology field
in 2024?

‘Which regular students from
private universities achieved at
the national level in 2025 in the
Science and Technology field?

Student that Status value “Bidikmisi” and
Achievement Level value “International”

Student that Institution value “Telkom
University”

Student that Recognition As some “Non-
Competition” and Achievement Year value
“2025”

Student that Status value “Bidikmisi” and
Achievement Field some “Saintek” and
Achievement Level value “International”

Student that Recognition As value
“Entrepreneur”

Student that Status value “Bidikmisi” and
Institution value “UGM” and Recognition As
value “Winner 1” and Achievement Field
some “Saintek”

Student that Institution value “UGM” and
Recognition As some “Non-Competition”

Student that Recognition As value “Exchange”
and Achievement Year value “2025”

Student that Achievement Year value “2024”
and Achievement Field some “Saintek”

Student that Institution some “Private” and
Achievement Level value “National” and
Achievement Year value “2025” and
Achievement Field some “Saintek”

Ainun Nisa Fitri, Alwy
Herfian, Mradipta
Lintang Alifcanta
Moktikanana

Danu Sofwan, Espinal
Adrinaldi, Fajrul
Falakh, Igbal Kamal
Fasya

Alwy Herfian, Danu
Sofwan, Gita
Indraswari, Meilani
Adriyati

Meilani Adriyati

Alwy Herfian, Danu
Sofwan

Mradipta Lintang
Alifcanta Moktikanana

Alwy Herfian, Gita
Indraswari, Meilani
Adriyati

Meilani Adriyati

Anas Saifurrahman,
Espinal Adrinaldi,
Fajrul Falakh, Meilani
Adriyati, Vincentius
Michael

Espinal Adrinaldi,
Fajrul Falakh

132



Ajeng Rahma Sudarni, Septian Eko Prasetyo, Alfian Ardhiansyah, and Mulil Khaira / Edu Komputika 11 (2)
(2024)

Furthermore, the table includes more
advanced queries that combine multiple
conditions across different dimensions of student
data. For example, it is possible to query for
students who participated in entrepreneurship
programs, students from specific universities who
won first place in science and technology fields,
or those who engaged in student exchange
activities in a particular year. These extended
examples showcase the flexibility of the ontology
to support complex reasoning and filtering,
making it a valuable foundation for developing
intelligent academic information systems or
decision support tools.

F. Advantages of Ontology vs. Relational
Database
Compared to traditional relational

database systems, the use of an ontology offers
several key advantages in the management and
analysis of student achievement data. Firstly,
ontologies enable semantic interoperability,
allowing data to be shared and integrated across
different institutions and systems with consistent
meaning.  Secondly, ontologies  support
automated inference, which enables the system to
deduce implicit relationships or classifications,
such as identifying outstanding achievers or
detecting overlapping roles without explicit
coding. Thirdly, ontologies facilitate semantic
querying, allowing users to retrieve information
based on meaning rather than rigid schema-based
structures. This semantic richness and reasoning
capability are difficult to achieve in standard
relational models, especially when handling
complex hierarchical or rule-based knowledge.

G. Practical Implications and Transformative
Potential

The practical implications of this
ontology are significant. It offers a foundational
framework for developing intelligent academic
information systems that go beyond static data
storage. For institutional stakeholders, such as
universities and government agencies, this
ontology can streamline policy formulation,
scholarship targeting, performance tracking, and
strategic planning. Enabling structured, dynamic,
and rule-aware access to achievement data
transforms the way institutions analyze trends,
identify talent, and evaluate non-academic

REFERENCES

Ashour, G., Al-Dubai, A., Romdhani, 1., &
Aljohani, N. (2020). An Ontological Model
for Courses and Academic Profiles
Representation: A case study of King

contributions. Moreover, the ability to integrate
this ontology with external vocabularies or linked
data sources could pave the way for national or
even global benchmarking of student
achievements, aligning local education insights
with international standards.

CONCLUSION

This study demonstrates that the
development of an ontology for modeling
national-level  student achievements can
effectively support knowledge inference and
semantic querying. By conceptualizing key
components such as student status, institutional
affiliation, achievement category, field, year, and
recognition level, the ontology enables structured
representation and retrieval of data. The use of
Description Logic (DL) queries and rule-based
reasoning confirms that the ontology is logically
consistent and functionally aligned with the
intended competency questions, allowing for
accurate data extraction and automated
classification of individuals.

The implementation of object property
restrictions, data properties, and DL queries in
Protégé, combined with the use of dummy data
for testing, validates the ontology’s capacity to
serve as a foundation for Semantic Web
applications in the educational domain.
Although the data used was simulated, the
framework proved capable of producing
meaningful inferences and supporting various
scenarios related to student achievement
tracking.

However, the study also acknowledges
certain limitations. The domain scope is still
relatively narrow and focused primarily on
national-level academic and non-academic
achievements. Future work could enhance this
ontology by expanding its coverage to broader
educational domains, incorporating real-world
datasets, and linking it with external ontologies
for increased interoperability. Ultimately, this
research underscores the transformative potential
of semantic technologies in reshaping
educational information systems, enabling more
intelligent, interoperable, and insight-driven
approaches to managing student achievement
data.

Abdulaziz University. 2020 International
Conference  Engineering  Technologies —and
Computer Science (EnT), 123-126.

133



Ajeng Rahma Sudarni, Septian Eko Prasetyo, Alfian Ardhiansyah, and Mulil Khaira / Edu Komputika 11 (2)
(2024)

https://doi.org/10.1109/EnT48576.2020.0
0030

Beerkens, M. (2022). An evolution of performance
data in higher education governance: a path
towards a ‘big data’ era? Quality in Higher

Education, 28(1), 29-49.
https://doi.org/10.1080/13538322.2021.19
51451

Boudia, M., & Bourahla, M. (2022). Formalization
of Ontology Conceptualizations Using
Model Transformation. International Journal
of Information System Modeling and Design,
13(1), 1-21.
https://doi.org/10.4018/1JISMD.305229

Cabada, R. Z., Lopez, H. M. C., & Escalante, H.
J. (2023). Methods for Data Representation.
In Multimodal Affective Computing (pp. 55-65).

Springer International Publishing.
https://doi.org/10.1007/978-3-031-32542-
7_5

Castellanos, A., Tremblay, M., Lukyanenko, R., &
Samuel, B. (2020). Basic Classes in
Conceptual Modeling: Theory and Practical
Guidelines. Journal of the Association for
Information  Systems, 21, 1001-1044.
https://doi.org/10.17705/1jais.00627

Chen, Y., Kokar, M. M., Moskal, J. J., & Suresh,
D. (2021). Mapping spectrum consumption
models to cognitive radio ontology for
automatic inference. Analog Integrated Circuits
and  Signal  Processing, 106(1), 9-21.
https://doi.org/10.1007/s10470-017-1095-z

Dwyer, O. P., Chammas, L., Sallinger, E., &
Davies, J. (2025). Using ontologies to
facilitate healthcare process mining and
analysis. Journal of Intelligent Information
Systems.  https://doi.org/10.1007/s10844-
025-00942-8

Espinoza, A., Del-Moral, E., Martinez-Martinez,
A., & Ali, N. (2021). A validation &amp;
verification driven ontology: An iterative
process. Applied Ontology, 16(3), 297-337.
https://doi.org/10.3233/A0-210251

Fahad, M., Javid, T., Beenish, H., Siddiqui, A. A.,
& Ahmed, G. (2021). Extending ONTAgri
with Service-Oriented Architecture towards
Precision Farming Application.
Sustainability, 13(17), 9801.
https://doi.org/10.3390/su13179801

Fusco, G., & Aversano, L. (2020). An approach for
semantic integration of heterogeneous data
sources. PeerJ Computer Science, 6, e254.
https://doi.org/10.7717/peerj-cs.254

George Andreas. (2023). Ontology Engineering:
Building a Semantic Foundation for
Knowledge Representation. International
Journal of Swarm Intelligence and Evolutionary
Computation, 12(3).

Goldstein, A., Fink, L., & Ravid, G. (2021). A
Framework for Evaluating Agricultural
Ontologies. Sustainability, 13(11), 6387.
https://doi.org/10.3390/su13116387

Hagedorn, T., Bone, M., Kruse, B., Grosse, 1., &
Blackburn, M.  (2020). Knowledge
Representation  with  Ontologies and
Semantic Web Technologies to Promote
Augmented and Artificial Intelligence in
Systems Engineering. INSIGHT, 23(1), 15—
20. https://doi.org/10.1002/1inst.12279

Hamdana, E. N., & Apriyani, M. E. (2020).
ANALISIS IMPLEMENTASI RESTFULL
WEB SERVICE MENGGUNAKAN
RESOURCE-ORIENTED
ARCHITECTURE.  Jurnal  Informatika
Polinema, 6(2), 57-60.
https://doi.org/10.33795/jip.v6i2.335

Ilkou, E., Abu-Rasheed, H., Tavakoli, M.,
Hakimov, S., Kismihok, G., Auer, S., &
Nejdl, W. (2021). EduCOR: An Educational
and Career-Oriented Recommendation Ontology

(pp- 546-562).
https://doi.org/10.1007/978-3-030-88361-
4.32

Kotis, K. 1., Vouros, G. A., & Spiliotopoulos, D.
(2020a). Ontology engineering
methodologies for the evolution of living and
reused ontologies: status, trends, findings

and recommendations. The Knowledge
Engineering Review, 35, e4.
https://doi.org/10.1017/S02698889200000
65

Kotis, K. 1., Vouros, G. A., & Spiliotopoulos, D.
(2020Db). Ontology engineering
methodologies for the evolution of living and
reused ontologies: status, trends, findings

and recommendations. The Knowledge
Engineering Review, 35, e4.
https://doi.org/10.1017/502698889200000
65

134



Ajeng Rahma Sudarni, Septian Eko Prasetyo, Alfian Ardhiansyah, and Mulil Khaira / Edu Komputika 11 (2)
(2024)

Lei, X., Wu, P., Zhu, J., & Wang, J. (2022).
Ontology-Based Information Integration: A
State-of-the-Art Review in Road Asset
Management. Archives of Computational
Methods in Engineering, 29(5), 2601-2619.
https://doi.org/10.1007/s11831-021-09668-
6

Masmoudi, M., Ben Abdallah Ben Lamine, S.,
Karray, M. H., Archimede, B., & Baazaoui
Zghal, H. (2024). Semantic Data Integration
and Querying: A Survey and Challenges.
ACM  Computing Surveys, 56(8), 1-35.
https://doi.org/10.1145/3653317

Meghini, C., Bartalesi, V., & Metilli, D. (2021).
Representing narratives in digital libraries:
The narrative ontology. Semantic Web, 12(2),
241-264. https://doi.org/10.3233/SW-
200421

Mohamad Hashim, S. F., Salim, J., Mohd Noah,
S. A. M. N,, & Wan Mustapha, W. A.
(2023). Ontology-Based Traceability System
for Halal Status of Flavour. Malaysian Journal
of Information and Communication Technology
(MyJICT), 65-717.
https://doi.org/10.53840/myjict8-2-97

O’Neill, B., & Stapleton, L. (2022). Digital cultural
heritage standards: from silo to semantic
web. AI & SOCIETY, 37(3), 891-903.
https://doi.org/10.1007/s00146-021-01371-
1

Reginato, C. C., Salamon, J. S., Nogueira, G. G.,
Barcellos, M. P., Souza, V. E. S., Monteiro,
M. E., & Guizzardi, R. (2022). A goal-
oriented framework for ontology reuse.

Applied Ontology, 17(3), 365-399.
https://doi.org/10.3233/A0-220269

Shi, W., Bao, S., & Tan, D. (2019). FFESSD: An
Accurate and Efficient Single-Shot Detector
for Target Detection. Applied Sciences, 9(20),
4276. https://doi.org/10.3390/app9204276

Wan, L., Song, J., He, V., Roman, J., Whah, G.,
Peng, S., Zhang, L., & He, Y. (2021).
Development  of the  International
Classification of Diseases Ontology (ICDO)
and its application for COVID-19 diagnostic
data analysis. BMC Bioinformatics, 22(S6),
508. hittps://doi.org/10.1186/s12859-021-
04402-2

Wu, J. (2024). Integration of higher education

student management and pedagogical

concepts based on data-based decision
making. Applied Mathematics and Nonlinear

Sciences, A1).

https://doi.org/10.2478/amns-2024-0991

Zahila, M. N., Noorhidawati, A., & Yanti Idaya
Aspura, M. K. (2021). Content extraction of
historical Malay manuscripts based on Event
Ontology Framework. Applied Ontology,
16(3), 249-275.
https://doi.org/10.3233/A0-210247

Zaitoun, A., Sagi, T., & Hose, K. (2023).
Automated Ontology Evaluation:
Evaluating Coverage and Correctness using
a Domain Corpus. Companion Proceedings of
the ACM Web Conference 2023, 1127-1137.
https://doi.org/10.1145/3543873.3587617

135



