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Abstract
Semantic technologies are evolving and being applied in sev-
eral research areas, including the education domain. This
paper presents the outcomes of a systematic review carried
out to provide an overview of the application of semantic
technologies in the context of the Computer Science curricu-
lum and discuss the limitations in this field whilst offering
insights for future research. A total of 4,510 studies were
reviewed, and 37 were analysed and reported. As a result,
while semantic technologies have been increasingly used to
develop Computer Science curricula, the alignment of on-
tologies and accurate curricula assessment appears to be the
most significant limitations to the widespread adoption of
such technologies.

CCS Concepts: • General and reference→ Surveys and
overviews; • Social and professional topics → Model
curricula; •Computingmethodologies→Ontology en-
gineering.

Keywords: Semantic Technologies, Computer Science Cur-
riculum, Systematic Review

1 Introduction
The SemanticWeb (SW) is a decentralised global information
space for sharing machine-readable data with minimal inter-
operability and integration costs [18, 49]. It aims at enabling
machines to understand and answer the requests of people
and machines through several standards and technologies1.
For instance, the Resource Description Framework (RDF)
is the standard data model to represent information2 [21]
whereas the Web Ontology Language (OWL) is the stan-
dard language for defining vocabularies/ontologies on the
Web [3].

Ontologies — a formal representation of the shared knowl-
edge of a domain [38] — are one of the core technologies
of the Semantic Web. Analogous to the concept of ontolo-
gies is the concept of curriculum in the educational domain.
Cox [8], for example, defines a curriculum as a selection
and organisation of knowledge for educational purposes
used to represent the shared agreement on what learners
should know in different stages of life. Another definition is
provided by Chung and Kim in [7] where they state that a
1https://www.w3.org/standards/semanticweb/
2https://www.w3.org/TR/rdf-concepts/

curriculum is a course blueprint designed to guide students’
learning [7] through a planned sequence of subjects [31]. As
a technology, ontologies can support curriculum design by
representing domain knowledge for educational purposes.
Cassel et al. [6], for instance, proposed the ontology of com-
puting to support the development of a Computer Science
curriculum while Wang et al. [47] proposed the computer
course architectural ontology system.
This paper presents a systematic review on the use of

semantic technologies in the context of Computer Science
Education. We review existing initiatives using semantic
technologies for curriculum design as well as the key chal-
lenges for their widespread adoption. The following research
question guided the development of this work:

• What are the semantic technologies used in the context
of Computer Science curriculum?

A total of 4,510 papers were retrieved from mainstream
digital libraries and, after detailed analysis, 37 papers were
found to be relevant. The reviewed articles focus on the use of
ontologies and semantic technologies for curriculum design,
curriculum interoperability and analysis. Here, we report
on the tools/frameworks, datasets, vocabularies/ontologies,
as well as the challenges of using and adopting semantic
technologies in curriculum design in Computer Science to
leverage new research opportunities.

The remainder of this paper is structured as follows: Sec-
tion 2 reviews closely related surveys to semantic technolo-
gies in Education. Section 3 describes the research method-
ology used to carry out this systematic review. Section 4
provides an overview of employing semantic technologies
in Computer Science curriculum. Section 5 discusses the
challenges and, finally, Section 6 concludes the paper.

2 Related Work
Krieger and Rösner [22] present a comprehensive review
of the effects and applications of semantic technologies in
e-learning. They discuss the construction of models with
educational ontologies where they provide an ontology-wise
overview in a Web-based educational environment. Accord-
ing to their work, the educational semantic web services
include adaptive learning and e-assessment. Finally, they
raise a few issues of adopting semantic technologies for data
integration such as trust and credibility in data frommultiple
sources.
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Another relevant survey was conducted by Pereira et
al. [37], where they reviewed various applications of Linked
Data in the context of Education, including datasets, tools
and common vocabularies/ontologies. They also identified
the challenges in each stage of the process and provided an
overview of the development in that area.

In another survey, Navarrete and Lujan-Mora [28] focused
on the use of Linked Data to enrich Open Educational Re-
sources (OER). Their study described how OER Web sites
can adopt the Linked Data principles through the 5-star de-
ployment scheme to enhance discovery, retrieval, reuse and
remix of OERs.

Regarding ontology-related studies, Stancin et al. [43] sur-
veyed ontologies used in educational contexts. Their survey
is a valuable contribution to curriculum modelling and man-
agement describing learning domains, educational data and
e-learning services using ontologies. They also provide a
clear definition of the term ontology along with traditional
methodologies for their creation in the field of Education.
Likewise, Tapia-Leon et al. [45] surveyed the application of
ontologies in Higher Education institutions and proposed
guidelines for ontology creation.
Despite the contributions presented in previous studies,

semantic technologies in Curriculum Design, specifically
applied to Computer Science, have not yet been thoroughly
investigated. This paper fills the gap in the literature by
systematically reviewing the usage of semantic technologies
applied to Computer Science Curriculum Design.

3 Research Methodology
This systematic review was conducted following the method-
ology defined by Kitchenham and Charters [4]. The method
is composed of three main steps: planning, conducting and
reporting. The planning stage helps to identify existing re-
search in the area of interest as well as build the research
question. Our research question was created based on the
PICOC method [4] and used to identify keywords and corre-
sponding synonyms to build the search string to find relevant
related works. The resulting search string is given below.
("computer science" OR "computer engineering" OR "infor-

matics") AND ("curriculum" OR "course description" OR "learn-
ing outcomes" OR "curricula" OR "learning objects") AND ("se-
mantic" OR "ontology" OR "linked data" OR "linked open data")
To include a paper in this systematic review, we defined

the following inclusion criteria: (1) papers must have been
written in English; (2) papers must be exclusively related to
semantic technologies, Computer Science and curriculum;
(3) papers must have four or more pages (i.e., full research
papers); (4) papers must be accessible online; and, finally, (5)
papers must be scientifically sound, present a clear method-
ology and conduct a proper evaluation for the proposed
method, tool or model.

Figure 1. Paper Selection Process

Figure 1 shows the paper selection process in detail. Ini-
tially, 4,510 papers were retrieved using the ACM Digital
Library3, IEEE Xplore Digital Library4, Springer5, Scopus6,
ScienceDirect7 and Web of Science8 as digital libraries. The
Springer digital library returned a total of 3,549 studies. The
large number of papers returned by the Springer search
mechanism led us to develop a simple crawling tool to help
us in the process of including/rejecting papers in our system-
atic review. All the information returned by Springer was
collected and stored in a relational database. After that, we
were able to correctly query the Springer database and select
the relevant papers for this systematic review.
We also applied the forward and backward snowballing

method to this systematic review to identify relevant papers
that were not retrieved by our query string. The backward
snowballing method was used to collect relevant papers from
the references of the final list of papers in Phase 1, whereas

3https://dl.acm.org/
4https://ieeexplore.ieee.org/
5https://www.springer.com/
6https://www.scopus.com/
7https://www.sciencedirect.com/
8https://www.webofscience.com/
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the forward snowballing method was used to collect the
papers that cited these papers [48]. Google Scholar9 was used
in the forward snowballing method. In total, 37 studies were
identified as relevant; most of the studies were published
in the last few years, although no relevant paper has been
published in 2022.

4 Semantic Technologies in Computer
Science Curriculum Design

4.1 Tools/Frameworks
Protégé10[18] is a popular open-source editor and frame-
work for ontology construction, which several researchers
have adopted to design curricula in Computer Science [16,
19, 25, 32, 41, 44, 46, 47]. Despite its wide adoption, Pro-
tégé still presents limitations in terms of the manipulation
of ontological knowledge [44]. As an attempt to overcome
this shortcoming, Asoke et al. [19] developed a curriculum
design plug-in called OntoCD, allowing curriculum design-
ers to customise curricula by loading a skeleton curriculum
and a benchmark domain ontology. OntoCD is evaluated by
designing a Computer Science degree curriculum using a
benchmark domain ontology proposed by ACM and IEEE
[1]. Moreover, Adelina and Jason [44] used Protégé to de-
velop the Sunway University Computing Ontology (SUCO),
an ontology-specific Application Programming Interface for
curricula management system. They claim that, in response
to the shortcoming with using the Protégé platform, the
SUCO tool shows a higher level of ability to manipulate and
extract knowledge in addition to functioning effectively if
the ontology is processed as an eXtensible Markup Language
(XML) format document.

Other specific ontology-based tools in curriculum man-
agement have also been developed, e.g., the CDIO frame-
work [24]. CDIO was created to automatically adapt a given
curriculum according to teaching objectives and content.
Similarly, Maffei et al. [25] utilised CONALI ontology as
a tool for representing the semantics behind the construc-
tive alignment activities to design, synthesise and evaluate
courses in different domains. Likewise, in Mandić’s study,
the author presented a software platform11 for comparing
informatics teacher education curricula [26]. In Hedayati’s
work, the authors used the curriculum Capability Maturity
Model (CMM), which is a taxonomical model used for de-
scribing the organisation’s level of capability in the domain
of software engineering [35], as the reference model to dis-
cuss an ontology-driven modelling to the culturally sensitive
curriculum development process in the context of vocational
ICT education in Afghanistan [16].
Finally, Vaquero et al. [46] used an experience-sharing

tool to transform information into knowledge to improve

9https://scholar.google.com/
10https://protege.stanford.edu/
11http://www.pef.uns.ac.rs/InformaticsTeacherEducationCurriculum

curriculum design called the “Set of Experience Knowledge
Structure” (SOEKS) [40]. SOEKS is used as part of a process
to collect, infer and manage explicit knowledge using ontolo-
gies and semantic reasoning to provide curriculum designers
with different expert perspectives for curriculum design.

4.2 Datasets
One of the most popular datasets used to build ontologies or
as benchmarks between Computer Science curricula is the
open-access CS201312 [1]. This dataset results from the joint
development sponsored by the ACM and IEEE Computer
Society of a computing curriculum [38]. CS2013 has been
widely adopted [2, 12, 16, 19, 31, 32] due to its international
reach and curricula and pedagogical guidelines.

Similar to CS2013, the Thailand Qualification Framework
for Higher Education (TQF: HEd) was developed by the Of-
fice of the Thailand Higher Education Commission to be used
by all Higher Education Institutions (HEIs) in Thailand as a
framework to enhance the quality of course curricula and en-
able academic mobility. The TQF: HEd guidelines have been
used in terms of ontology development in several studies for
Computer Science curriculum design [15, 31–33].
Other studies use self-created datasets [12, 16, 25, 47].

Specifically, in Wang’s work, the Ontology System for the
Computer Course Architecture (OSCCA)was proposed based
on a dataset created using course catalogues from top univer-
sities in China and network education Web sites [47]. In Maf-
fei’s study, the authors experiment and evaluate the proposal
based on the Engineering program at KTH Royal Institute
of Technology in Stockholm, Sweden [25]. In Gubervic et
al.’s work, the dataset used for comparing courses comes
from the Faculty of Electrical Engineering and Computing
at the University of Zagreb in Croatia and all universities
from United States of America [14]. In Fiallos’s study, not
only did the authors adopt CS2013 for domain ontologies
modelling, but also the core Computational Sciences courses
from the Escuela Superior Politécnica del Litoral (ESPOL13)
in Ecuador were collected to compare semantic similarity
between curricula. [12].

4.3 Knowledge Representation
RDF is used as the design standard for data interchange in
the following studies [32, 38, 41]. In particular, Saquicela et
al. [41] generated curriculum data in RDF format, creating
and storing data in a repository when the ontological model
has been defined and created.

Built on RDF and extended with additional vocabulary and
semantics [27], OWL14 is a vocabulary used in many studies
for representing and sharing knowledge on the Web [5, 25,

12https://cs2013.org/
13https://www.espol.edu.ec/
14https://www.w3.org/OWL/
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26, 38, 46, 47]. Apart from OWL, two studies used XML15 due
to implementation requirements of their researches [15, 44].
Body of Knowledge (BoK) is another method for repre-

senting knowledge, often using OWL. It offers a complete set
of concepts, terms and activities for a professional domain
[38]. BoK has been used in many studies [7, 15, 19, 31, 33, 45]
for curriculum design, including Piedra and Caro [38] who
used it based on the IEEE/ACM CS2013 ontology as “a spec-
ification of the content to be covered and a curriculum as
an implementation”; Numtawong et al. [32] who used it to
map different ontologies based on the ontology of TQF: HEd;
and, Barb and Kilicay-Ergin [5] who used BoK based on
the Library of Congress Subject Headings16 to propose and
evaluate an ontology for an Information Science curriculum.

4.4 Use of Semantic Technologies in Computer
Science Curriculum Design

Semantic technologies have been found helpful in the con-
text of curriculum design to (i) extract and analyse the re-
lationship between concepts from learning materials; (ii)
measure the similarity between courses/disciplines and their
pre-requisites; and, (iii) create ontologies to enable course /
curriculum analysis. These approaches mainly aim to enable
academic mobility and curriculum interoperability across
institutions [38].

Most approaches and tools use natural language process-
ing techniques (e.g., NLTK17) to generate semantic descrip-
tions for ontology creation [38, 45] based on extracted con-
cepts and their relationships [47], find patterns in curricula
[34] and compare them [20]. Analysis and comparison of con-
cepts extracted are performed based on word [34], sentence
[2, 12, 36] and concept network level [17, 31–33].

Lexical database of semantic relations such as WordNet18
[36] and Latent Semantic Analysis [10, 14] are also used to
measure the similarity of courses/disciplines or define ontol-
ogy mapping rules to establish dependency relationships be-
tween curricula. For performance reasons, these approaches
are often combined with clustering [41], statistical methods
[5, 34, 41], and established taxonomies, such as the Bloom
Taxonomy, [23, 26] to measure course similarity.

5 Discussion
Semantic technologies have the potential to facilitate aca-
demic mobility, curriculum interoperability, program and
course benchmarking, and the design of new curricula. How-
ever, despite its potential benefits, several challenges hamper
its broad adoption in Computer Science and in other do-
mains.

15https://www.w3.org/standards/xml/
16https://www.loc.gov/aba/cataloging/subject/
17https://www.nltk.org/
18https://wordnet.princeton.edu/

One of the challenges is to create domain-specific ontolo-
gies to represent all the areas of computing, as mentioned
in [13]. The main challenges are that the existing ontolo-
gies for CS represent different structures for CS programs
and courses as well as represent concepts in different depths
and contexts. Ontology Alignment (OA) techniques to ad-
dress these issues have been extensively proposed [15, 38],
however, OA is still a research problem [9, 30]. Further in-
vestigation is required to understand the difference in CS
curricula in different universities and how these differences
can be used to enhance existing CS programs and curricula.
Although Sekiya et al. [42] present a study where the top
ten universities in the USA in 2015 uniformly covered topics
in Computer Science using the CS2013 curriculum guide-
lines, “there is no single correct ontology for any domain" [29].
Therefore, multiple ontologies are required to account for
the diversity and local needs of each CS program and course,
HEI and country. We note, however, that reuse and modu-
larity are important factors to be considered when building
ontologies [39] and, although a list of Good Ontologies19
are available to assist ontology creators, many of the studies
reviewed do not reuse them.
Other aspects to consider when building ontologies are

maintainability and correctness [39]. An ontology must take
into account changes and the correct interpretation of domain-
specific concepts to avoid erroneous inferences and, there-
fore, impact the use of that ontology in a specific domain,
e.g., in our context, hinder academic mobility and curricular
interoperability. We recognise that this might be a difficult
problem to solve as curriculum design are often based on
cultural background and ideology.

Domain-specific semantic tools for curriculum design are
lacking, while the use of multipurpose semantic tools can
introduce errors into the process of creation (and alignment)
of curriculum design, requiring manual verification [34],
which makes the process less attractive and, therefore, less
adoptable by HEIs. To exemplify this problem, consider the
common Learning Outcomes creation/alignment task. Many
curriculum creators rely on the hierarchical structure of
Bloom’s Taxonomy (Remembering, Understanding, Apply-
ing, Analysing, Evaluating and Creating) [23], but represent-
ing or capturing each of these levels from textual descrip-
tions by multipurpose semantic tools is hard [26, 36]. Future
research on semantic reasoners is promising, as seen in [46].
For ontology creation, Protégé seems to be the standard

tool (see Section 4.1). However, as it is not a tool for creating
curricula, many studies have created extensions (and other
tools) to facilitate the creation of curricula [19, 44]. Future
research on ontology creation tools and curriculum design is
required to elicit the requirements for an ontology creation
tool for curriculum design.

19https://www.w3.org/wiki/Good_Ontologies
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Another issue is related to the reproducibility of the pro-
posed ontologies for CS curricula. Several studies [11, 24, 44,
46, 47] do not make their datasets available nor validate their
approaches. We finalise this discussion with a call for repro-
ducible research in this field. Ontologies and datasets must
be available to take advantage of the benefits of semantic
technologies.

6 Conclusion
This study presented a systematic review on semantic tech-
nologies applied in the context of Computer Science and
Curriculum Design.
This paper addressed the most common topics covered

in the literature, such as tools and frameworks used for cur-
riculum design; datasets used to evaluate and propose Com-
puter Science curricula; knowledge representation models
to manage curriculum data; and the many uses of semantic
technologies in the context of curriculum design.
Although there are common challenges faced in curricu-

lum design using semantic technologies such as the effi-
ciency of data processing and the evaluation and alignment
of ontologies, the use of semantic technologies facilitates
numerous improvements in academic activities (such as cur-
ricula design, mobility, interoperability and benchmarking).
The literature reviewed are an initial but important step
to allow the construction of CS curricula. However, to en-
able further adoption of semantic technologies, HEIs need
to make their curricula available using semantic standards
using frameworks and languages such as RDF and OWL.
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