WIRTSCHAFTSUNIVERSITAT WIEN

Wienna University of Economics and Business

EETECHAFTL
ke T
[ Ry
el 5T OF
B pman

diehy BufiniE

Eours [ ascse €5 Amas

Bachelor's Thesis

Tite of Bachelor's Thesis {Eﬂn"Eh} Fﬂl:ltlflll'.‘l'gﬁl': A Foatball ﬂf‘ltﬂlﬂg'f' thruugh Linkad DFIEI"I Terrms .i.r.'ll'.'ll"i}\ad"l

Title of Bachelor's Thesis (German) 29Wwlegy: Bine FuBball-Ontalagia durch den Linked Upan Terms-Ansatz

Author Bacaj, Ardit
(last name, first name}:

Student ID number: 11702367

Degres program:
Bachalor of Science (WL, BSc (W) G

Examiner

(degree, first name, last name): . Fajer J. i i

I hereby declare that:

L. I hawe written this Bachelor's thesis myself, independently and without the aid of unfair or
unauthorized resources. Whenever content has been taken directly or indirectly from other
sources, this has been indicated and the source referenced.

2. This Bachelor's Thesis has not been previously presented as an examination paper in this or
any other form in Austria or abroad.

3. This Bachelor's Thesis is identical with the thesis assessed by the examiner.

4. {Only applicable if the thesis was written by more than one author): this Bachelor's
thesis was written together with

The individual contributions of each writer as well as the co-written passages have been
indicated.

14.10.2024 W

Date Signature



WIRTSCHAFTS
UNIVERSITAT

WIEN VIENNA
UNIVERSITY OF
ECONOMICS

AND BUSINESS

Bachelor Thesis

Footology: A Football Ontology through
Linked Open Terms Approach

Ardit Bacaj]

Date of Birth: 18.05.1997
Student ID: 11702367

Subject Area: Business Informatics
Studienkennzahl: H11702367
Supervisor: Fajar J. Ekaputra

Date of Submission: 14. October 2024

Department of Information Systems € Operations Management, Vienna Uni-
versity of Economics and Business, Welthandelsplatz 1, 1020 Vienna, Aus-
tria




Contents

(1__Introductionl 8
2__Related Workl 9
2.1 Ontology Engineering Frameworks|. . . . . . . ... ... ... 10
[2.2  Data-Driven Approaches in Sports Analytics . . . . . . . . .. 12
[2.3 Ontology Development and Existing Ontologies in Sports| . . . 13

[3 Methodology| 15
[3.1  Ontology Requirements Specificationl . . . . . . .. ... ... 15
[3.1.1  Use Case Specification| . . . . . . . .. ... ... ... 15

[3.1.2  Data Exchange Identification| . . . ... ... .. ... 16

[3.1.3 Purpose and Scope Identification| . . . . ... ... .. 16

[3.1.4  Functional Ontological Requirements Proposal . . . . . 17

[3.1.5  Functional Ontological Requirements Completion| . . . 17

3.1.6  ORSD Formalizationl . . . . . ... ... ... ... .. 18

[3.2  Ontology Implementation| . . . ... ... ... ... ..... 18
[3.2.1 Ontology Conceptualization| . . . . . . ... ... ... 18

[3.2.2  Ontology Reuse| . . . . . . ... ... ... ... .... 18

[3.2.3  Ontology Encoding| . . . . . . ... ... ... ..... 19

[3.2.4  Ontology Evaluationl . . . .. ... ... ... ..... 19

[3.3  Ontology Publication| . . . . . . . ... ... ... ... .... 20
[3.3.1 Propose Release Candidate]. . . . . . . . ... ... .. 20

B.3.2 Documentationl . . . . . ... .. ... ... .. 20

[3.4  Ontology Maintenance| . . . . . . .. ... ... ... ..... 20
4 Results] 21
[4.1  Ontology Requirements Specificationl . . . . . . .. ... ... 21
[4.1.1 Use Case Specification| . . . . . . . .. ... ... ... 21

4.1.2  Data Exchange and Scope Definition| . . . . . . . . .. 22

[4.1.3 Functional Ontological Requirements Proposal and Com- |

| pletion| . . . . . ... 24
4.1.4 ORSD Formalizationl . . . . . ... ... ... ... .. 26

[4.2  Ontology Conceptualization| . . . . . . ... ... ... .... 28
[4.3  Ontology Reusel . . . . . . .. ... ... ... ... ... ... 31
[4.4  Ontology Encoding| . . . . . . ... ... ... ... .. .... 33
[4.5  Ontology Publicationl . . . . . .. ... ... ... ... .... 33
4.5.1 Propose Release Candidate. . . . . . . . .. ... ... 33

4.5.2 Documentationl . . .. ... ... ... 000 34

[4.6  Bug Detection and New Requirements| . . . . ... ... ... 35




[5 Ontology Evaluation| 35

[>.1 Evaluation using lest Datal] . . . . . .. ... ... ... ... 35
[5.2  Evaluation using OOPS! Pittall Scanner| . . . . . . . ... .. 40
[>.3  Evaluation from Domain Experts| . . . . . .. ... ... ... 43
6 Discussionl 43
[6.1 Insights gained from the Ontology Development| . . . . . . . . 43
[6.2  Comparison with Existing Ontologies| . . . . . . . . .. . ... 44
6.5 Conclusion and Future Workl . . . . . .. ... ... ... ... 44



List of Figures

(1 Ontolgy Example: Semweb-tootball . . . . . . .. ... .. . 14
2 ORSD Document! . . . . . ... ... ... oL 27
[3 Ontology Version 1| . . . . . ... ... ... ... ... .... 30
[4 Ontology Final Version| . . . . . . . ... ... ... .. ... .. 32
(5 Screenshot of HI'ML page created using WIDOCO| . . . . .. 34
(§ Player Dataset| . . . . ... ... ... ... ... ..., 36
[7 GraphDB Ontologyl . . . . . . .. ... ... ... ... .... 37
(8 RDF Mapping| . . . . .. . ... .o 38
9 O0PS! Pitfall Scanner Resultsl . . . . . ... ... ... .. .. 41
(10 Ontology opened with Protege| . . . . . . . . . ... ... ... 42




List of Tables

(1 Basic Concepts| . . . . . . . . . . .. 23
[2 Competency Questions| . . . . . . . . . . . ... ... ... .. 25
B MODA Document|. . . . . .. ... ... ... ... ... .. 28
[4 Comparison of Ontologies| . . . . . ... ... ... .. ... .. 44




Abstract

Football is one of the most popular sports globally, and like many
other domains, it increasingly integrates artificial intelligence (AI)
technologies. Such integration increases the need for structured data
representation to improve the quality of the result. Ontologies that
facilitate the representation of knowledge of a domain could become
essential in managing the complexity of football data. However, exist-
ing ontologies related to football often fail to cover a wide area that
is needed and focus primarily on limited aspects such as player and
team. This thesis aims to reduce the gap above by developing a foot-
ball ontology following the Linked Open Terms (LOT) Methodology,
where we engage key stakeholders such as ontology developers, do-
main experts, and users to identify the requirements. The developed
ontology facilitates data representation from various football aspects,
providing a standardized framework that supports querying and foot-
ball analytics. Our initial evaluation shows that the ontology outper-
forms existing ontologies due to its broader representation of football
knowledge. The ontology will serve as a foundation for future research
that could extend the ontology to integrate real-time data, allowing
for live match updates, enhancing decision-making during games, and
supporting dynamic analysis based on current football events.



1 Introduction

Football is one of the most popular and passionately followed sports in the
world [5]. Nowadays, football makes use of various technologies and as tech-
nology continues to improve, new opportunities such as Artificial Intelligence
(AI) arise [§]. In recent years Artificial Intelligence has gained popularity,
which has also found its way into football and has been revolutionizing foot-
ball in many ways, for example player recruitment, statistical analysis, per-
formance analysis, decision-making processes [§].

Most Al Applications in football are mainly based on sub-symbolic ap-
proaches, utilizing machine learning, deep learning and data-driven tech-
niques [7]. However, the latest trends in Al shows a new trend of inte-
grating sub-symbolic with symbolic approaches, which is not yet widely ap-
plied in Football. With introduction of symbolic AI, new paths emerge, e.g.,
the ability to represent (football) knowledge, relationships, and concepts in
a structured, semantically meaningful, and human-readable way. Further-
more, ontologies can help with integration and representation of complex
relationships within football data [I], which provides good support in ad-
vanced analytics and much more. Existing ontologies, like Sport-Ontology(]
and Semweb—footbal]ﬂ concentrate mostly on team and player attributes, but
they don’t fully cover wider topics like tactical insights and match events.
This gap highlights the need for a standardized football ontology that can
capture the complexity of football knowledge.

This thesis aims to provide a comprehensive football ontology, offering
insights into —among others— player, teams, and matches. As briefly described
in the introduction, an ontology is a formal representation of knowledge about
a specific domain, in this case the domain is about football, which contains
concepts like player, team, matches, etc. where each concept has definition
of its attributes, as well as relationship between the concepts or classes [1].
Introducing ontologies and knowledge graphs into the world of football is
challenging because there was a lack of standardized and widely accepted
ontologies tailored to football-specific knowledge across the world wide web.
Although there is a large amount of football- related data accessible across
the internet, there is apparently still a deficit of football ontologies that
represent this data as knowledge graphs.

The main research question of this bachelor thesis to address the gap
on the lack of availabilities of ontologies for football is "How to develop a
football ontology following the Linked Open Terms (LOT) method?" In order

'https://github.com/costinbusioc/Sport-0ntology
Znttps://github.com/sLeeNguyen/semweb-football
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to support this main research question, there are several sub-research ques-
tions that explore the requirements for building an ontology for football. The
sub-research questions are:

e RQ1: What are the requirements for building an ontology for football?

e RQ2: What is the current state of the art on the ontology to represent
football data?

e RQ3: How to evaluate the developed football ontology?

The thesis will follow the Linked Open Terms (LOT) methodology, which
contains four main steps, the ontology requirements specification, ontology
implementation, ontology publication, and ontology maintenance. In the
first step, an analysis of the key stakeholders such as ontology developers,
domain experts, and ontology users was carried out. Another important
step is to search through ontology knowledge sources and look for already
existing football ontologies that can be helpful to consider for this ontology
development or reuse some of the concepts, more information about this step
are shown in Section [3.2.2] and Section [4.3]

The thesis resulted in the development of a comprehensive football ontol-
ogy that contains player and team statistics, match events, and other relevant
football specific information, distinguishing it from other existing ontologies
that only include limited aspects of football. The ontology provides a struc-
tured framework that can support analytics in football and enables flexible
querying and reasoning over football data.

This thesis is structured as follows: In Section 2] the related work on
ontology development in football is discussed. Section [3|reviews the method-
ology used to develop the ontology. Section 4| shows the results, including the
ontology itself and its evaluation. The evaluation of the ontology is shown
in Section [5] Finally, the discussion of this thesis is presented in Section [6]

2 Related Work

The goal of this section is to highlight the research gap in the development
of football ontologies. To be specific, existing ontologies cover only smaller
parts of the football domain instead of its broad aspects. Relevant works
categorized by topics to show the need for a comprehensive football ontology
will be reviewed.



2.1 Ontology Engineering Frameworks

Ontology engineering frameworks provide structured methodologies for de-
veloping ontologies. There are several frameworks available, each one has its
own strengths and weaknesses. Below are three ontology engineering frame-
works:

1. Linked Open Terms (LOT) Methodology: The Linked Open
Terms (LOT) methodology, which is a lightweight approach focused
on aligning ontology development with industrial practices [14]. The
main steps in the LOT methodology are:

¢ Ontology Requirements Specification: This step involves col-
lecting and defining the requirements that the ontology should ful-
fill. Techniques such as Competency Questions, natural language
statements, and tabular information are used to describe ontology
requirements. This process ensures that the ontology meets the
specific needs of the domain it is designed for.

¢ Ontology Implementation: During this phase, the ontology is
built using a formal language based on the requirements identified.
This involves creating classes, properties, and relationships that
represent the domain knowledge accurately. The ontology devel-
opment team collaborates closely with domain experts to ensure
the ontology’s accuracy and relevance.

¢ Ontology Publication: The aim of this step is to provide on-
line access to the ontology. The ontology is made available both
as human-readable documentation and as a machine-readable file
from its URI. This ensures that the ontology can be easily accessed
and reused by other researchers and practitioners.

e Ontology Maintenance: Ontologies need to be updated period-
ically to remain relevant and accurate. The maintenance phase in-
volves updating the ontology during its life-cycle based on new in-
formation, feedback from users, and changes in the domain knowl-
edge.

The LOT methodology has been applied in at least 18 projects, demon-
strating its flexibility and effectiveness in various industrial contexts.
By involving different roles such as ontology developers, domain ex-
perts, and ontology users, the LOT methodology ensures a comprehen-
sive approach to ontology development [14].
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2. Ontology Development 101: Ontology Development 101 is a sim-
plified methodology for creating ontologies. The steps include:

e Determine the domain and scope of the ontology: Defini-
tion of what the domain of the ontology will cover, what the usage
of the ontology should be, who will maintain the ontology.

e Consider reuse: Identifying existing ontologies that could be
reused or adapted

e Enumerate important terms in the ontology: Identifying
terms that are important for the ontology creation.

e Define the classes and the class hierarchy: This process con-
siders the definition of concepts and the hierarchy of the ontology,
followed by defining properties and relationships.

e Create instances for each class.

Comparing this methodology with LOT, Ontology Development 101
lacks the industrial orientation and maintenance found in LOT. On-
tology Development 101 is simple and effective for small projects, but
may not be robust for complex domains like football [12].

3. Methontology: The Methontology framework is a comprehensive
step-by-step approach for developing ontologies and has been applied
in both academic and industrial settings. The following steps are:

e Specification: This step includes the purpose and scope of the
ontology.

e Conceptualization: During this phase, the structure of the on-
tology is defined, including classes, properties, and relationships.

e Formalization: Conversion of the conceptual model into a formal
model using a knowledge representation language like OWL.

e Implementation: Building the ontology in a specific tool.
e Evaluation: This steps ensures that the ontology meets the ini-

tial requirements.

Methontology can be more resource-intensive and time-consuming com-
pared to LOT, particularly for lightweight or industrial-focused projects.
This methodology is best suited for projects which require highly de-
tailed, structured ontology from scratch [2].
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For this thesis, the LOT Methodology was selected because of its lightweight,
flexible nature and focus on reusing existing ontologies, making it suitable for
this football domain. In contrast to the other two methodologies presented,
LOT balances scalability and flexibility, allowing for quick implementation
and ongoing updates, which are important for a domain like football.

2.2 Data-Driven Approaches in Sports Analytics

Several works have applied data-driven approaches to evaluate player actions
and tactics in football, providing valuable insights for the development of
football ontologies:

1. Valuing Player Actions: In the Paper by Decroos et. al 3], they pro-
pose a novel framework that evaluates football players based on their
actions during games. The framework considers various actions such
as passes, crosses, dribbles, take-ons, and shots. By collecting player
performances, this approach provides a detailed analysis of player con-
tributions to the game. Although the primary focus is on player per-
formance, the methodology indirectly supports football ontology devel-
opment by providing a structured way to represent and analyze player
actions [3].

2. Tactical Analysis: In the Paper by Yamanaka et. al [18] they focus on
the use of objective data and mathematical models for tactical analysis
based on the location of players and the ball. Their framework involves
filming competitive matches and analyzing team tactics, including of-
fensive and defensive phases of the game. The data is presented in nu-
meric form, representing the dynamically changing locations of players
and the ball in spatial coordinates. This approach provides a detailed
understanding of team tactics, which can be integrated into a broader
football ontology to enhance tactical insights [I§].

The data-driven approaches described above help to construct a football on-
tology by providing systematic methodologies for analyzing player actions
and team tactics. These frameworks offer a basis for representing football-
related data in a formalized way. By integrating these methods into the
football ontology, this thesis intends to create a more comprehensive repre-
sentation of the football domain.
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2.3 Ontology Development and Existing Ontologies in
Sports

Ontology development within the sports domain provide insights into method-
ologies and applications that are relevant to football ontology development:

1. Ontology for Football using Oriented Programming: A method
for constructing football ontologies using oriented programming was
proposed. This method involves creating ontologies using Python,
OWL 2, and various tools such as Owlready, NLP, and Protege. The
ontology is visualized using OntoGraph tools available as a plugin in
Protege. This approach demonstrates the effectiveness of oriented pro-
gramming in developing complex ontologies for sports domains, high-
lighting the importance of using advanced tools and programming lan-
guages in ontology development [I].

2. Event Detection using Graph Convolutional Networks (GCNs):
This approach focuses on automatic event detection from football videos
using GCNs. The method involves modeling players and the ball in each
frame of the video as a graph. By experimenting with different pool-
ing methods for modeling the temporal context around each action,
the authors demonstrate the potential of graph-based modeling tech-
niques for football entities. This approach provides valuable insights
for building a robust football ontology that can support event detection
and analysis [16].

3. Ontology for Ice Hockey: An example of ontologies in sports was
illustrated by Keskisarkka et. al [9]. The authors develop an ontology
for ice hockey, which, despite being a different sports domain, provides
valuable insights for football ontology development. The authors use a
methodology that aligns with the LOT methodology, highlighting the
benefits of using ontologies for knowledge representation and captur-
ing information in sports analytics. The ontology development pro-
cess includes steps such as describing use cases, specifying competency
questions, formalizing the ontology, and validating it. This approach
emphasizes the importance of a structured methodology in developing
comprehensive sports ontologies [9].

4. Semweb-Football Ontology: One example of a football related
ontology, is semweb-football | which is a simple ontology developed by
"sLeeNguyen" and provides a valuable foundation for understanding

3https://github.com/sLeeNguyen/semweb-football
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how ontology structures can be employed to represent football-related
concepts. Analyzing such examples not only helps in comprehending
the practical implementation of ontological structures but also under-
lines the need for more comprehensive and specialized football ontolo-
gies.

Figure 1: Ontolgy Example: Semweb-football

In the example showed in Figure[], there are several basic concepts that
can be seen such as Person, Player, Player’s Position, League’s Season,
Country and more concepts that are not shown in the screenshot in
Figure [I Examples like these are important, because they provide a
better understand how to structure and organize the football ontology.
The information derived from other existing ontologies can be used for
developing a comprehensive football ontology.

5. Sport-Ontology: Another interesting ontology was found on GitHub
by the user "costinbusioc" called "Sport-Ontology"f] This ontology not
only focuses on football, but also includes tennis players. This ontology
was helpful with the structure of the sports domain in general as well,
which two or three classes were reused and adapted to the Footology.

“https://github.com/costinbusioc/Sport-Ontology
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The ontologies mentioned above provide useful information and insights, but
they either focus on specific aspects of football, such as player actions or team
data, or focus on different sports. This thesis aims to develop a comprehen-
sive football ontology that integrates player statistics, team performance, and
match events. In summary, the existing ontologies and frameworks provide
useful approaches for specific aspects of the football domain. But there is a
gap in the development of a comprehensive football ontology that cover the
broad aspects of football. The ontology in this thesis will address this gap
by integrating data-driven approaches and symbolic representations.

3 Methodology

In Section the process of LOT methodology was discussed. In this chap-
ter, the aim is to briefly describe how the LOT methodology is going to be
carried out by discussing each step. As mentioned before, the four main
steps or iterations in LOT are ontology requirements specification, ontology
implementation, ontology publication and ontology maintenance. Each of
these steps contain several sub-steps which will be discussed below.

3.1 Ontology Requirements Specification

This phase is a critical step in developing an ontology because it estab-
lishes the foundation on which the ontology will be built. The Ontology
requirements specification includes identifying the key requirements, collect-
ing input from stakeholders, and understanding the specific needs that the
ontology should meet. This process begins with a use case specification,
which includes identifying key stakeholders.

3.1.1 Use Case Specification

In the initial phase of ontology development, a comprehensive literature re-
view on football analytics and existing ontologies is underway. This crucial
step serves as the foundation for understanding the landscape of football-
related data and ontology structures.

Defining key stakeholders is essential to the success of the ontology. The
stakeholders include:

1. Ontology Developer: The ontology developer will actively engage
in the creation process, including planning, information gathering, and
implementation.

15



2. Domain Experts: Individuals with specialized knowledge in the foot-
ball domain and football analytics, who can provide expert insights and
validate the ontology’s relevance.

3. Ontology Users: Users who will interact with the final product and
provide feedback on its usability and functionality.

Domain experts are going to be identified and engaged who can provide
valuable insights into statistical modeling in the football domain and the col-
lection of sports data. To ensure the relevance of the ontology, the plan is to
connect with university colleagues, who took the same courses in ontology de-
velopment, who will act as test users. These colleagues will provide valuable
insights and constructive feedback on the ontology’s usability and function-
ality. The interaction of (test) users is an important step of refining and
enhancing the ontology, ensuring that it aligns with real world expectations.

As the use case specification makes progresses, these interactions and
engagements with stakeholders will play a vital role in shaping the design
of the ontology, functionality, and effectiveness. The valuable insights and
feedback collected from stakeholders will serve as a cornerstone for optimizing
the ontology to align with the needs and expectations of end-users, ensuring
its relevance and practicality.

3.1.2 Data Exchange Identification

This chapter focuses on the systematic acquirement of relevant information
about football data. The methodology will involve an extensive search and
analysis of various knowledge sources containing sports related data. The
method will begin with identifying important knowledge sources that contain
ontologies and football related data, such as Wikidata, DBpedia, GitHub,
and Linked Open Vocabularies. These knowledge resources are going to
be used for identifying existing classes, relationships, attributes, and data
structures related to football. There is also going to be a research of existing
ontologies, which can be helpful as a starting point of this bachelor thesis.
This process is expected to be challenging due to the potential lack of existing
football ontologies, but it will be essential for identifying gaps in this field
and providing a new, more comprehensive football ontology.

3.1.3 Purpose and Scope Identification

The first important step is to highlight and explain what the football on-
tology is for and to identify common purposes and scopes. The purpose is
to create a standard way to represent football knowledge in the form of an
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ontology, which can be used to represent the data in a knowledge graph.
This step is important for many reasons. First, it ensures that the ontology
is designed with a clear focus, which would be helpful in meeting the specific
needs of its intended users, such as analysts or researchers. A well-defined
purpose and scope also contribute to more efficient development, because
they provide a clear overview what the ontology should include and exclude.
Furthermore, by stating the scope and purpose potential misunderstandings
or misalignments between stakeholders can be avoided.

3.1.4 Functional Ontological Requirements Proposal

In this phase of the methodology, the focus will be on defining the functional
requirements for the football ontology. A structured approach will be em-
ployed. First, a set of competency questions (CQs) will be created. These
competency questions will be gathered and derived from a review of existing
literature, research findings, and insights into football data.

After the set of competency questions are created, interviews with domain
experts are going to be conducted in order to review and prioritize the CQs.
They will provide helpful feedback which will be crucial for refining the scope
of the ontology, ensuring that it focuses on the important aspects of football.
Additionally, discussions with the thesis supervisor will be held to review the
competency questions and integrate any additional feedback. This process is
important to ensure that the football ontology is comprehensive and helpful
for its intended users.

3.1.5 Functional Ontological Requirements Completion

Functional Ontology Requirements Completion is a pivotal stage in the ontol-
ogy development process, where the proposed requirements undergo careful
examination in order to make sure they are aligned with the ontology’s ob-
jective and integrated with its elements. The process involves several steps in
validating each requirement and creating connections with ontology elements,
resolving conflicts, and verifying with domain experts.

At the start, all the proposed requirements from the Function Ontology
Requirements Proposal undergo validation to confirm their relevance. Each
requirement is carefully examined, which is a crucial step to ensure that
it reflects the intended functionality of the ontology and remains with the
project goals.

Subsequently, the validated requirements are linked to specific elements
of the ontology, such as concepts (classes), the attributes of each entity, the
relationship between entities, and other relevant components. During this
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step, each requirement addresses the ontology’s intended elements, which
leads to more clarity.

3.1.6 ORSD Formalization

This step focuses on formalizing the Ontology Requirements Specification
Document (ORSD). In the ORSD, all requirements, competency questions,
intended use, and more are organized and documented. The ORSD will
serve as the definition document ensuring that all aspects of the ontology
are clearly defined and aligned with the thesis’ goals. The document will
use a template provided by the LOT methodology to ensure consistency and
completeness.

3.2 Ontology Implementation

This section focuses in the creation and implementation of the ontology from
conceptualization to realization, detailing the steps involved in its develop-
ment, deployment, and utilization. In this phase of the project, theoretical
aspects and ideas gained from the requirements specification section are go-
ing to be used for the ontology conceptualization, encoding, and ontology
evaluation.

3.2.1 Ontology Conceptualization

In the ontology development, the conceptualization serves as the foundational
stage where football knowledge is turned into formal representation. Within
the LOT Methodology, the ontology conceptualization plays a significant role
in defining the scope, the concepts, and specifying the relationships needed
to develop the ontology.

During this phase, the concepts found and identified in the earlier phases
are refined and structured for example categorizing fundamental elements
of football such as players, teams, matches and structuring the interaction
between these elements within the ontology. These concepts will have rela-
tionships with other concepts in a way that reflects the real-world dynamics
of the football domain.

3.2.2 Ontology Reuse

This Process will handle the reuse of existing sports or football related on-
tologies aimed at enhancing efficiency, consistency, and interoperability. This
phase begins with a research on existing ontologies using available ontologies
in repositories such as DBpedia, Wikidata, GitHub, and other sources. The
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goal is to find ontologies with a similar domain that include relevant concepts,
which can be integrated to this ontology.

By using and building upon existing ontologies, the established knowledge
can be leveraged, which avoids redundancy and improves the quality of the
ontology

3.2.3 Ontology Encoding

In the encoding phase of the ontology, the focus will be on translating the con-
ceptualized elements of the football ontology into a formal, machine-readable
format. This will be integrated with the ontology conceptualization phase
to enhance the efficiency. The encoding will be done by using OWL (Web
Ontology Language), with the help of WebVOWL, which is a user-friendly
interface for creating and visualizing ontologies, allowing for adjustments
and refinements during the conceptualization phase. The ontology will be
encoded directly within WebVOWL, whill will be downloaded as .ttl (Turtle)
files.

3.2.4 Ontology Evaluation

In the ontology development process, the evaluation phase is crucial for en-
suring the quality and overall effectiveness of the ontology. The method for
the evaluation will include multiple approaches, ensuring that it meets the
predefined goals and objectives.

The evaluation will begin with testing the ontology using specific test
data in order to answer the competency questions. A dataset will be cre-
ated which represents the classes and properties of the ontologies and then
mapping this data onto the ontology structure using tools like Ontotext Re-
fine and GraphDB. Ontotext Refine is a practical tool that is used for data
transformation and linking or mapping [I3| and GraphDB is a powerful graph
database engine that supports graph data management.

Additionally, the ontology will be evaluated for potential errors using the
OOPS! (Online Ontology Pitfall Scanner) tool. OOPS! uses a set of prede-
fined heuristics to analyze ontology structures and detect errors in ontlogy
design [15].

Finally, evaluation from domain experts will be carried out, where the
domain experts will review ontology’s structure, completeness, and usability.
Interviews and feedback sessions will be held, which will provide insights on
potential improvements and validate that the ontology effectively captures
the necessary aspects of the football domain.
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3.3 Ontology Publication

Ontology publication is crucial for understanding how to share and distribute
the ontology so it can be accessed, reused, and integrated by other researchers
and developers. In this chapter, it will be discussed how the ontology is going
to be published. First of all, a release candidate is going to be proposed, then,
an HTML documentation will be created. Subsequently, the the ontology will
be published online.

3.3.1 Propose Release Candidate

After the ontology evaluation is done and the issues are identified, I will share
the ontology with some of my colleagues at the WU Wien, who also took the
courses K2 and K3 in Semantic AI Technologies for Knowledge Management
and have knowledge about ontologies, who will give me feedback about the
created ontology.

3.3.2 Documentation

The documentation process is an important step to ensure transparency,
maintainability, and easy to understanding for future users and developers.
The documentation process will involve generating a detailed HTML page us-
ing WIDOCO (Wlzard for DOCumenting Ontologies), a tool specifically de-
signed to simplify and automate the documentation of ontologies [6]. Within
the HTML page created by WIDOCO, a short description will be provided
as well as an overview of the ontology and all of the related essential de-
tails such as latest version, author information, license, and other relevant
metadata. This documentation will also include a description about for each
class, outlining their domains, ranges, and specific roles within the ontology.
This structured approach ensures that the ontology is easily understandable
and usable by others,

3.4 Ontology Maintenance

The maintenance of the ontology is an important step to keep the ontology
up-to-date and remove as many errors as possible. This chapter is divided
into two steps: Bug Detection and New Requirements.

1. Bug Detection: The ontology will be monitored addressing the issues
and bugs that may occur in the ontology, however, after submission of
the bachelor thesis and the creation of the ontology, a detailed bug
detection will likely not be carried out. Instead, the testing of the

20



ontology will be done during the ontology creation phase to minimize
potential issues.

2. New Requirements: The plan in this phase would be to stay in-
formed about the football domain and constantly update the ontology
based on new information in order to keep the ontology up to date.

4 Results

The results of the ontology development process are presented in this section,
including the specification of use cases, purpose and scope, and the comple-
tion of functional requirements. Each subsection shows the outcomes that
contributed to the development of a comprehensive football ontology.

4.1 Ontology Requirements Specification

The ontology development follows a structured approach to ensure the effec-
tiveness and clarity of the ontology. The focus of this chapter are the main
steps that were carried out to define, refine, and document the requirements
for the football ontology. The sections below describe the use case specifi-
cation, the process of data exchange identification and scope definition, the
proposal and completion of functional ontology requirements, and the for-
malization of the Ontology Requirements Specification Document (ORSD).

4.1.1 Use Case Specification

During the use case specification phase, the following outcomes were achieved.
A comprehensive review of existing literature on football analytics and on-
tologies was conducted. This review included academic papers, industry
reports, and existing ontologies related to football.

As for the stakeholder identification, key stakeholders were successfully
identified and engaged. Finding domain experts in the football domain
was not easy. Thanks to my supervisor of this thesis, two domain experts,
where provided to me.

University colleagues who also took courses in ontology development were
involved as test users. Their feedback on the ontology’s functionality were
valuable. They provided feedback on the ontology structure, which helped
identify areas where the ontology could be simplified.
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4.1.2 Data Exchange and Scope Definition

In the process of data exchange identification, the objective is to systemat-
ically acquire relevant information about football data. During this phase,
a comprehensive search through several knowledge sources such as DBpe-
dia, Wikidata, GitHub, or Linked Open Vocabularies was conducted. This
step was quite challenging, while those knowledge resources offered a wealth
of information and various classes related to football, there is only a small
amount of comprehensive football related ontologies published. Despite high
amount of classes and data concerning football, the absence of comprehen-
sive football ontologies highlights a significant gap in the existing resources.
This scarcity underscores the necessity for the development of a dedicated
football ontology, which will contribute to the advancement of knowledge
representation in the football domain.

The main objective of this bachelor thesis is to develop a comprehensive
and standardized framework for representing football knowledge through the
creation of an ontology. The developed ontology will serve as a foundation
for organizing football data into a knowledge graph, promoting a systematic
representation. With the finished football ontology, the aim is to facilitate
seamless integration with various football-related applications.

The scope of this ontology focuses on the key concepts within the football
domain. Defining the scope is crucial as it shows the range of the ontology.
The scope of the ontology is the following:

e Player Attributes:

— Basic Information: Name, Date of Birth, Nationality, and pre-
ferred Playing Position

— Performance Metrics: Metrics: Goals, Assists, Tackles, Dribbles

e Team:

— Basic Information: Name of Team, Country, League, Formation

— Ranking: Current ranking in the league, Ranking in tournament,
Number of titles

e League:

— Scope: Only Top 5 Leagues of Europe (Bundesliga, Premier League,
La Liga, Serie A, and Ligue 1), Table (Ranking), Number of teams,
Start-End Date, Results
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— Tournaments: Coverage of major tournaments such as FIFA World
Cup, UEFA Euro Cup, Champions Leauge, Europa League, Con-
ference League

e Match:

— Match Metadata: Date, Kick-Off times, Details such as League
Game or Cup Game and which teams played against each other

— Match Events: Goals, Fouls, Yellow and Red Cards, Pass Accuracy

e Referee:

— All referees from that specific league (Top 5 leagues) including
assistant referees, Name, Age, Nationality, the matches they offi-
ciate

e Coach:

— All team (club) coaches of the top 5 leagues, Coaching history,
Current team, Coaching style (tactical approach, preferred for-
mation)

All those concepts or entities are going to have a specific relationship between
cach other. Table[I]shows the basic concepts that this ontology will represent,
but there are still more concepts which are not shown in this table.

Concept Attributes
Person Name, Age, Birthday, Height, Nationality
Player Team, Strong Foot, Awards, Titles
Team Team Name, Coach, League, Ranking, Titles, Stadium
League League Name, Country, Number of Teams, Title
Knock Out Tournament Structure, Number of Teams

Table 1: Basic Concepts

By defining the scope and purpose of the ontology, it aims to address
the diverse needs of users within the football community. A clearly defined
scope mitigates the risk of errors and misunderstandings, promoting a shared
understanding among stakeholders involved in the football community.

To summarize this sub-chapter, the purpose of this ontology is to create
a standardized representation of football knowledge, while the scope encom-
passes players, teams, and associated attributes. This approach aligns with
the goal of enhancing user experience, promoting efficient development, and
minimizing errors in football data representation.
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4.1.3 Functional Ontological Requirements Proposal and Comple-
tion

During the phase of the requirements specification, the focus was on defining
functional requirements for the football ontology. To do this, a structured
approach has been done by coming up with competency questions (CQs) to
guide the ontology’s development.

In the beginning, a set of 30 competency questions were derived based
on existing literature, research findings, and some of my own ideas about
football data. These questions were designed to cover a wide range of topics,
from player details to match events and more, trying to capture the core
essence of football-related knowledge.

The next step was to conduct an interview with domain experts to refine
the scope of this project. The first interview was held on Zoom with the first
domain expert. Each competency question was examined and was prioritized
by the importance or priority, which was set to either high, medium, or
low. The next interview with the second domain expert was similar to the
first interview, where all 30 competency questions were examined. At the
end of both interviews, a more refined understanding and clearer scope of
the ontology were gained. In a personal meeting with the supervisor, the
competency questions were again discussed and suggestions for improvement
were made.

Through these interviews, a valuable perspective from experts who work
with football analytics and ontology development was gained. Their input
did not only validate the initial competency questions but also helped to
design the ontology to better meet the needs of potential users.

Overall, these interviews were a crucial step in defining the functional re-
quirements of the football ontology. The collaboration with experts improved
this project, making sure that the ontology would be robust and user-friendly
for people in the football-community.

In the following, Table [2| shows some of the competency questions that
were created within this project. The single competency questions are listed
in its corresponding column, followed by the Answer. The last column shows
the priority, that were assessed by the domain experts during the interview.
For example, Medium / Low means that the first domain expert prioritized
the competency question as Medium, and the second domain expert decided
that the priority of the CQ is "Low". The assessments of the priorities were
a crucial step in finding the correct scope of the ontology, as the input came
from domain experts who actively work with football-related data.

Getting in touch with domain expert played a crucial role in this process,
with valuable input coming from all three domain experts, validating the
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Competency Question Answer Priority
Wha't team is Player X currently Manchester City | Low / Medium
playing for?

How many goals did Player X : .

score in the season 22/237 23 High / High
What playing .posmon is Player X Striker High / High
currently playing?

What League ranking does Team X , )
have in Season 23/247 2 High / Medium
What is the Pass Accuracy of Player X7 | 90% High / Low

Table 2: Competency Questions

relevance of the competency questions created in the Functional Ontology
Requirements Proposal stage. Valuable inputs of those domain experts en-
sured that the requirements were relevant and important enough to be used
in the ontology.

Steps have also been conducted for resolving any conflicts or inconsisten-
cies among the requirements. The supervisor pointed out the lack of quality
in the scope definition during the second meeting, which were not clear at the
beginning. He provided very helpful input, which was then used to improve
the scope identification to ensure clarity and consistency for the later process
of the ontology development.

During the completion phase, documentation and reporting are main-
tained to capture the validation process and outcomes. For the competency
questions, a template for requirements was used provided by the LOT GitHub
Repository. Another crucial template is MODA template, also provided by
the LOT GitHub Repository, which lists all the entities (or concepts), their
attributes and the respective relationships between them. Furthermore, an
ORSD document has been created with all the documentation and process
of the ontology development. More detailed information about the ORSD
document and the templates will be discussed in Section

By finishing the Functional Ontology Requirements Proposal and Com-
pletion step, the ontology development includes a robust basis for the ontol-
ogy’s further development and advancement. With validated requirements
integrated in the ontology, this project slowly moves towards the goal of
delivering a robust and effective ontology.
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4.1.4 ORSD Formalization

The Ontology Requirements Specification Document is a highly important
document for reporting every step that has been done in the requirements
specification, including the creation of competency questions, MODA docu-
ment, description of intended use and so on. The primary focus of ORSD is
to document the requirements identified during the early stages of the project
into a structured format.

The first template that was used for the ORSD, was the template do-
main requirements, where a set of competency questions was identified and
captured in this document, as mentioned in Section This, and other
ORSD documents, can be found on the Footology GitHub Repository’] By
creating the competency questions, valuable insights from domain experts
were gained, which was crucial in finding the right scope and constraints of
the ontology.

After completing the domain requirements stage, another important doc-
ument needs to be drafted, the MODA document. The MODA document
highlights all the entities used in the ontology, followed by the attributes
and later the relationship of the entities identified. This is a crucial step for
providing a foundation for the conceptualization stage, because the MODA
consists of the relations that can be used later in the ontolgoy development.
Table 3] shows a small excerpt the MODA document, this is one of the three
excel folders provided by MODA, in this case this represents the relations
between the entities. In the first column, the Material entity is listed, fol-
lowed by the second column named "Material Relation", which connects the
first entity with the second entity shown in column three "Target entity".

After all the information about the requirements, obtained from the pur-
pose and scope identification, ontological requirements proposal, and onto-
logical requirements completion have been gathered, the Ontology Require-
ments Specification Document (ORSD) is created. This document includes
all functional and non-functional requirements identified and the information
associated to them [14].

Figure [2 shows the first page of the ORSD document created for this
football ontology. This template was downloaded from the LOT GitHub
Repository, which was used as a starting point for this project. The Figure
shows the purpose, the scope, and the implementation language used in
the ontology development. The document goes beyond that and shows more
information like intended end-users, functional and non-functional require-
ments and can be accesses in the Footology GitHub Repository{|

"https://github.com/arditb1997/footology/tree/main/0ORSD
Shttps://github.com/arditb1997/footology/tree/main/0RSD
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Ontology Requirements Specification Document

Purpose

The purpose of our ontology is to organize football-related knowledge, offering a
structured framework for easy access and analysis. By organizing player details,
team attributes, match data, and more, this ontology aims to provide a user-friendly
resource for football enthusiasts, analysts, and researchers.

Scope

Player Attributes:
- Basic Information: Name, Date of Birth, Nationality, and preferred Playing
Position
- Performance Metrics: Goals, Assists, Tackles, Dribbles
- Career Path: Clubs played before, National Team

- Basic Information: Name of Team, Country, League, Formation
- Ranking: Current ranking in the league, Ranking in tournament, Number of
titles,
League:
- Scope: Only Top 5 Leagues of Europe (Bundesliga, Premier League, La
Liga, Serie A, and Ligue 1), Table (Ranking), Number of teams, Start-End
Date, Results,
- Tournaments: Coverage of major tournaments such as FIFA World Cup,
UEFA Euro Cup, Champions Leauge, Europa League, Conference League,
Match:
- Match Metadata: Date, Kick-Off times, Details such as League Game or Cup
Game and which teams played against eachother,
- Match Events: Goals, Fouls, Yellow and Red Cards, Substitutions, Shots,
Shots on target, Possesion Percentage, Fouls commited, Corners,
Referee:
- All referees from that specific league (Top 5 leauges) including assistant
referees, Name, Age, Nationality, the matches they officiate,
Coach:
- All team (club) coaches of the top 5 leagues, Coaching history, Current
team, Coaching style (tactical approach, pereferred formation)

Implementation Language (optional)

Tha nntalnmv will ha imnlamantad 1icinan OWI (\Nah Nntnlamv | anAniana) a

Figure 2: ORSD Document
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Material entity | Material Relation | Target entity
Player playsFor Team

Team includesPlayer Player
Player hasPosition Position
Position isPositionOf Player
Team partOf Tournament
Tournament hasTeam Team

Team competesln Match
Match isWonBy Team

Team playsln Stadium
Stadium isHomeOf Team
Coach manages Team

Team managedBy Coach
Referee officiates Match
Match officiated By Referee
Match hostedBy Stadium

Table 3: MODA Document

4.2 Ontology Conceptualization

After the first version of the MODA document was created, the first at-
tempt was to sketch an ontology on paper. Based on the sketches, a first
digital conceptualization has been approached. Although, the first attempt
for developing the ontology using the tool Draw.io, which is a powerful tool
for building diagramming applications, and the worlds most widely used
browser-based end-user diagramming software [4]. It quickly became clear
that working with WebVOWL would be a better option, since I had more
experience creating ontologies with this tool. WebVOWL is a convenient
web application for the visualization and representation of ontologies. It is
based on open web standards and implements the Visual Notation for OWL
Ontologies (VOWL). JSON Files are used to generate the visualizations into
which the ontologies need to be converted [10]. WebVOWL is a free ontology
development tool that can be accessed online [Z]

First of all, the key classes were created in WebVOWL by simply double
clicking on the empty project. The key classes Team, Player, Coach, Ref-
eree, Stadium, Match, League, and Performance Stats were created and the
relationships (object properties) between each class. For each class, datatype
properties are created as shown.

"https://service.tib.eu/webvowl/
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Figure [3] shows the first version of the ontology created in WebVOWL
based on the MODA document and is split into two separate images for
a clearer view. The ontology is structured with the core concepts such as
Player, Team, Match, League, and Tournament serving as central nodes.
These classes are connected by specific object properties such as "playsFor"
for a player’s participation in a Team or "manages" which involves the coach
managing a team. Attributes or datatype properties are defined for each en-
tity. For example an entity "Player" is associated with the attribute "Height,
Player Name, Player Position, etc.". The transition to WebVOWL enabled
a more seamless and effective mapping of the relationships between the vari-
ous classes in the ontology. This user-friendly interface greatly enhanced the
development process, ensuring a clearer, more accurate representation of the
domain.

The first version was a good starting point as it contained the main
classes that needed to be in the ontology. Following an evaluation of the
initial version, the next step was to improve and extend the ontology. Some
relationships between certain entities were removed as they did not fit in the
ontology. For example the relationship "participates in" between the class
"Player" and "Match" was removed, because the player already is connected
to the "Team" class and "Team", in turn, is connected to "Match".

Adding more datatype properties was another step in advancing the on-
tology, enriching the depth of the model by adding specific attributes to the
classes defined within the ontology. For example attributes such as Team
Ranking, Goals Scored, or Assists. Incorporating such attributes provides a
comprehensive dataset for analytical purposes. The MODA document was
updated simultaneously during this step, ensuring the ORSD document to
align with the ontology and avoid any errors.

In the final version of the football related ontology shown in Figure [, a
network of classes and sub classes is represented, each connected through a
series of relationships, capturing the hierarchical structure of football data.
Sub-classes such as "Left Wing" or "Right Wing" have been added to ensure
a more detailed representation of the Player’s playing position. The "center"
of the ontology is the "Player" class, which is connected to the "Team" class,
and indirectly to the "Match" class through their teams, illustrating their
participation in the football’s competitive events. The relationship between
"Player" and "Performance Stats" is highly important, as it represents the
individual performance of each player such as goals scored, assists, fouls,
and so on. This class changes frequently throughout the season based on
the player’s performance in the team. Other classes or attributes like player
information or the team a player is playing for, rarely change, for example
once in a season even do not change at all. The relation between "Player"
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Figure 3: Ont%(fogy Version 1




to "Match" and "Performance Stats" to "Match" are important in order to
track the performance statistics of each player in a specific match.

The "Team" class plays another significant role in this ontology, includ-
ing associations with classes such as "Match", "Tournament", "Trophies",
reflecting the activities of each team. Furthermore, "Tournament" contains
of two sub classes, "Knock Out Tournament", which is tournament type sim-
ilar to the Champions League, which goes from group stages, to knockout
stages up to a final game, and "League", which represents a typical league
type such as Premiere League. Also classes such as "Stadium" and "Coach"
are linked with the "Team" class, showing which stadium a team is playing
in and the name of coach managing a team.

4.3 Ontology Reuse

In this chapter, the focus is on leveraging existing ontologies within the foot-
ball domain to enhance the efficiency of ontology development. During the
conceptualization phase, an approach was used to explore available ontologies
that are similar to the football domain, which included a research of various
resources such as DBpedia, Wikidata, GitHub, and Linked Open Vocabular-
ies. This approach was also done in the beginning of this project, which was
explained earlier in Section [3.1.2] "Data Exchange Identification".

The research has shown that there are few public football related ontolo-
gies, which could be used as a reference point for this project. While these
knowledge resources offer a lot of information and numerous classes related
to football, the absence of comprehensive football-related ontologies becomes
clear. This highlights a significant gap in existing resources and emphasize
the necessity for the development of a football ontology.

An important consideration in developing the ontology is to reuse the
semweb-football ontology created by "sLeeNguyen", which is described in
Section The semweb-football ontology provided a valuable foundation
such as the classes "Player", "Team", or "Player Position". However, this
ontology lacked coverage on broader topics like match events and player
statistics. Although the possibility of implementing direct subclass or sub-
property relationships between the two ontologies was explored, these were
not implemented due to structural differences and the extended scope of the
new ontology.

Overall, the chapter "Ontology Reuse" highlights the importance of lever-
aging existing assets to enrich the development of a football ontology. By
joining and reusing components from existing ontologies, the project aims
to build on established knowledge and frameworks while taking into account
specific requirements and goals in the football sector.
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4.4 Ontology Encoding

In Section "Ontology Conceptualization", the process of ontology en-
coding was integrated and have been done simultaneously. During this pro-
cess, the fundamental elements of the football ontology were not only de-
signed, but also encoded into a machine-readable format using OWL tech-
nology. This approach ensured that conceptualization and encoding phase
were executed together, improving the efficiency in ontology development.

By integrating ontology encoding within the conceptualization phase, the
timeline of the ontology’s development process was optimized, allowing con-
current adaptions and refinement of concepts and machine-readable represen-
tation. The encoding process was done with the help of WebVOWL, which
was useful in both, conceptualizing and encoding, since it is a tool for visual
representation of ontologies. The ontology created in WebVOWL can then
easily be downloaded as a Turtle (.ttl) file.

In general, the use of WebVOWL for ontology encoding within the on-
tology conceptualization phase ensured higher efficiency and iterative refine-
ment, which is done much easier with the help of WebVOWL than sketching
and refining ontologies on paper.

4.5 Ontology Publication

The publication of the ontology is essential to ensure that it is accessible
to the community for reuse and collaboration. The ontology was uploaded
on GitHuh offering both a machine-readable OWL format and human-
readable documentation. With the publication of this ontology, other de-
velopers and researchers are able to explore, use, or extend the ontology for
various football-related applications

4.5.1 Propose Release Candidate

As a preliminary step before public release, the ontology is going to be pre-
sented to a university colleague, who also visited the course "Applications
of Semantic Al in Knowledge Management", which means that he is aware
of the basics and fundamentals of ontologies. The ontology was shown and
demonstrated to him. This peer review served as a good validation point,
because it gave an external perspective of the ontology. He provided posi-
tive feedback on design and functionality of the ontology, meaning that no
additional improvement was necessary according to him.

Shttps://github.com/arditb1997/footology
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4.5.2 Documentation

A detailed documentation of the ontology is highly important for trans-
parency, maintenance, and better understanding by other users and devel-
opers. In order to achieve this, an HTML page was created via WIDOCO
(WIzard for DOCumenting Ontologies).

WIDOCO is a helpful tool for simplifying the documentation process of
ontologies. The tool automatically creates an HTML page based on user
input, representing the ontology, structure, classes, properties, and relation-
ships in a clear web-format [6]. The HTML document contains metadata
such as latest version, author, or the license. Furthermore, it shows a short
introduction to the ontology, followed by a list of classes and namespaces that
were declared in the ontology. The ontology itself is also visualized with WE-
BVowl integrated into the HTML page. A short description of the ontology
is also included and eventually information about each of the classes, such
as domain, range, or description of the class. Figure [5| displays a screenshot
from the WIDOCO HTML documentation page, detailing the classes with
their respective IRIs, brief descriptions, and the domains and ranges of each
class. The WIDOCO page can be accessed on GitHubﬂ

Latest version: language en
http:/Avisualdataweb.org/newOntology/
Authors:
Ardit Bacaj, Vienna University of Economics and Business
Download serializati
Format | JSON LD rmat INTHpIes] Format 1L

Ontology Specification Draft

Abstract

The Football Ontology is a comprehensive knowledge representation framework designed to capture and organize essential information related to the world of football (soccer). This
ontology aims to provide a structured and standardized way to model various entities and concepts within the football domain, including players, teams, leagues, matches, referees,
coaches, and more. By leveraging Semantic Web technologies such as OWL, the Football Ontology facilitates data integration, interoperability, and advanced querying for football-related
applications, including analytics, visualization, and decision support systems.

Table of contents

« 1. Introduction
° 1.1. Namespace declarations
iew

o 4.2. Object Properties
> 4.3. Data Properties
» 5. References
* 6. Acknowledgments

1. Introduction back to ToC

The Footology Ontology was developed in response to the growing need for a standarized representaion of the Football (Soccer) Domain data from various data sources and platforms.

Figure 5: Screenshot of HIT'ML page created using WIDOCO

9https://arditb1997.github.io/widoco-footology/
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4.6 Bug Detection and New Requirements

The ontology will be continuously monitored for bug detection. It is es-
sential to identify issues and remove these issues to maintain the ontology
functional. However, after completion and submission of the bachelor thesis,
a bug detection process will not be actively pursued but the focus will be on
rigorous testing during the ontology development phase, the aim of which is
to minimize potential errors. Although the domain of football is constantly
changing in terms of player statistics, team strategies, and more, the contin-
uous update of the ontology will be not done by me but rather by community
of users or future developers interested in this ontology, as it is accessible on

GitHub [

5 Ontology Evaluation

Evaluating the ontology is a critical process in ontology development in order
to ensure the quality, correctness, and suitability of the created ontology for
the intended purpose. It plays a major role in ensuring that the ontology ef-
fectively captures and represents knowledge about the football domain while
simultaneously meeting the requirements and goals.

In the process of developing a football related ontology, evaluation be-
comes even more important due to the complexity of the domain. To evaluate
the ontology correctly, three different approaches were carried out.

1. Evaluation using Test Data
2. Evaluation using OOPS! Pitfall Scanner

3. Evaluation from Domain Experts

5.1 Evaluation using Test Data

To make sure that the ontology can answer the competency questions cor-
rectly, there is only one way testing this, creating test data for each indi-
vidual class of the ontology and mapping the test data with the ontology
using Ontotext Refine and GraphDB. Ontotext Refine is a practical tool
that is used for data transformation and linking or mapping [13]. GraphDB
is a powerful graph database engine that supports graph data management.
GraphDB, also developed by Ontotext, enables efficient storage, organiza-
tion, and management of large data sets using RDF (Resource Description

Yhttps://github.com/arditb1997/footology
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Framework), SPARQL (SPARQL Protocol and RDF Query Language) and
OWL (Web Ontology Language).

The first step in the test data evaluation approach, was to create test data
using Microsoft Office Excel. The first two classes "Player" and "Team" were
taken as test classes for mapping purposes using Ontotext Refine. The test
data was obtained from the website "Transfermarkt'[']] which provides a lot
of information about football players, teams, and so on.

PlayeriD PlayerName height PlayerBirthdate PlayerPosition TeamID AwardID StatsID

1 Cristiano Ronaldo 188cm 05.02.85 Striker 7 1
2 Lionel Messi 170cm 24.06.87 Right Winger 8 1 2
3 Jude Bellingham 186cm 29.06.03 Midfield 2 3
4 Kai Havertz 193cm 11.06.99 Midfield 5 4
5 Manuel Neuer 193cm 27.03.86 Goalkeeper 1 5 5
6 Thomas Mueller 185cm 13.09.89 Striker 1 _I
7 Robert Lewandowski 185cm 21.08.88 Striker 3 3
8 Jorginho 178cm 20.12.91 Midfield 5
9 Erling Haaland 195cm 21.07.00 Striker 4 4

10 Kylian Mbappe 178cm 20.12.98 Striker 6

Figure 6: Player Dataset

Figure [0] illustrates an example of the "Player" class, which shows vari-
ous attributes about the Player ID, Player Name, Height, Player Birthday,
Position, Team 1D, Award ID, and Stats ID. This excel file contains 10 ran-
dom players whose information were extracted from Transermarkt.at. The
Columns Team ID, Award ID, and Stats ID are important information that
are needed in order to link players to teams, awards and performance stats.
For instance, consider the player Erling Haaland, whose Team ID is listed as
number 4. This Team ID corresponds to Manchester City, as indicated in
the "Team" dataset Excel sheet where the Team ID for Manchester City is
indeed 4. This cross-referencing mechanism ensures accurate and coherent
data representation within the ontology.

The latest version of the ontology was uploaded via GraphDB as Figure
shows. GraphDB allows to inspect and search through the uploaded ontology.
The below Figure represents the class hierarchy, offering an interface for
exploring the different components, including classes, instances, and their
relationships. This is essential for verifying structure of the ontology after
updates or modifications. The class hierarchy view in GraphDB also easily
enables users to access detailed information on each class

The next important phase is the mapping of the created data sets. As
mentioned earlier, the mapping process will be done with the help of Ontotext
Refine. The first step was to start Ontotext Refine and create a new project.

Unttps://www.transfermarkt.at/
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Then the Excel sheet (data set) was uploaded and the RDF mapping process
was started.

PlayerID = PlayerName height PlayerBirthdate PlayerPosition TeamID AwardID StatsID

Base IRI

http://visualdataweb.org/newOntology/

Use the current repository prefixes or add new using the Turtle or SPARQL syntax, i.e PREFIX rdf: <http:/www.w3.0rg/1999/02/22-rdf-syntax-ns#>

foaf @ wu @
wu:Player PlayerIiD <IRI> a <IRI> wu: Player <IRI>

wu:Playerl a wu:Player

foaf: name <IRI> PlayerName " iteral"

foaf:name "Cristiano Ronaldo"

wu: height <IRI> height " iteral"

wu:height "188cm"

Figure 8: RDF Mapping

The process pictured in Figure [§]showcases the mapping of football player
data into a structured RDF format using Ontotext Refine. In this example,
the class "Player" was used and the mapping defines the key attributes associ-
ated with a player such as Name, Height, Birthday, Player Position (Position
ID), Team ID, Award ID, and Stats ID, each linked to the corresponding
ontology properties.

As a starting point, each player is identified as an instance of "wu:Player",
with "wu" being a prefix for the Base IRI. The Base IRI (Internationalized
Resource Identifier) in the context of ontologies is an important component
used for constructing full IRIs (Internationalized Resource Identifiers) for
elements within a dataset or ontology. The Base IRI is like a root address or
namespace from which all other IRIs are determined [I7]. This is essential
in RDF to establish the type of data each entity represents. The name of
the player is mapped using "foaf:name" property, which is included in FOAF
(Friend of a Friend) vocabulary widely used in Semantic Web to describe
persons and their relations to other persons and objects. The height of a
player is mapped using "wu:height" which links each player with the height
attribute. This pattern is used for each attribute or datatype property within
this class. Once the mapping is completed, it can be saved as a Turtle (.ttl)
file and uploaded to GraphDB, which will link the instances to the ontology.
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This process was done with every class of the ontology, ensuring a complete
ontology including instances that can now be queried through.

After the whole mapping process is completed, a series of SPARQL queries
were employed to verify each competency question from the domain require-
ments described in Section "ORSD Formalization". These queries are
crucial for evaluating the correctness and accuracy of the ontology. In the
following, a set of competency questions and their corresponding SPARQL
queries are shown as an example:

1. CQ1l: What team is Player X currently playing for?

SELECT 7playerName 7teamName
WHERE {
?player wu:playsFor 7team
?player foaf:name 7?playerName
?team wu:TeamName 7teamName
6 FILTER(?playerName = "Erling Haaland")
7 }

N N

ot

"?player wu:playsFor 7team ." creates a relationship where the variable
"?player" is linked to a "7team" through the "wu:playsFor" property.
This indicates which team the player is currently part of. "7player
foaf:name 7playerName ." assigns the player’s name to the variable
"?playerName" using the FOAF vocabulary. "7team wu:TeamName
7teamName ." links the team entity to its name, assigning it to the
variable "?teamName" through the property "wu:TeamName". The
FILTER clause is used to only show a specific player’s information, in
this case Erling Haaland. The result is "Manchester City".

2. CQ2: How many goals did Player X score in the season 22/237

SELECT 7playerName 7goals 7season
WHERE {
?player foaf:name 7playerName
?player wu:GoalsScored 7goals
?player wu:Season 7season
6 FILTER(?playerName = "Jude Bellingham")
7 FILTER(?season = "22/23" )
s }

R W

"?player foaf:name 7playerName ." assigns the player’s name to the

variable "7playerName" using the FOAF vocabulary. "7player wu:GoalsScored
7goals ." retrieves the number of goals associated with the player, bind-

ing this number to the variable "?goals". "?player wu:Season ?season"
connects the player to the specific season, linking the season identi-

fier to the variable "7season". The FILTER clause again only shows a
specific player and a specific season. The result is 23.
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3. CQ4: What League ranking does Team X have in Season 23,247

1 SELECT 7teamName 7ranking 7season
> WHERE {
3 ?team wu:TeamName 7teamName

| ?team wu:TeamRanking 7ranking

5 ?team wu:TeamSeason 7season

6 FILTER(?teamName IN ("FC Bayern Munich"))
7 }

"7team wu:TeamName ?teamName ." This line identifies the team
name. "7team wu:TeamRanking “ranking .". This associates the team
identified by "7team" with its ranking, which is stored in the variable
"?ranking". "7team wu:TeamSeason 7season .". This links the team
to the specific season during which the ranking is applicable, with this
season stored in "7season". The result is 2.

The SPARQL queries described above are just a few examples that have been
formulated to demonstrate the capabilities of the ontology. These questions
are crucial for evaluating the effectiveness of the ontology in retrieving spe-
cific information, as it ensures that all elements are correctly integrated and
functional. The results of the SPARQL queries underlines a successful im-
plementation of the ontology. These SPARQL queries demonstrate how the
ontology addresses the competency questions outlined earlier in [4.1.3] More
competency questions and their corresponding queries can be found on the
Footology GitHub Repository}

5.2 Evaluation using OOPS! Pitfall Scanner

Evaluation in general is a crucial step for ensuring quality, coherence, and us-
ability. Ontology developers must handle difficulties when designing ontolo-
gies that may contain anomalies or errors. Therefore it is highly important
to evaluate ontologies for error detection. In this case, the Online Ontol-
ogy Pitfall Scanner (OOPS!) serves as a helpful tool for identifying potential
pitfalls within ontologies.

For this evaluation process the OOPS! tool was utilized for the football
ontology. There are two ways to upload the ontology on OOPS! for error
detection. The first option is to enter a URI of the ontology and the second
option is to directly copy and paste the RDF code into the input field. The
football ontology was converted into a RDF format and the RDF code was
eventually uploaded into the OOPS! tool.

2https://github.com/arditb1997/footology
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Evaluation results

There are three levels of importance in pitfalls according to their impact on the ontology:
. m It is crucial to correct the pitfall. Otherwise, it could affect the ontology consistency, reasoning, applicability, etc.
. Though not critical for ontology function, it is important to correct this type of pitfall.
It is not really a problem, but by correcting it we will make the ontology nicer.

Pitfalls detected:

Results for PO4: Creating unconnected ontology elements. 1 case 1 case
Results for PO8: Missing annotations. 73 cases
Results for P13: Inverse relationships not explicitly declared. 10 cases
Results for P22: Using different naming conventions in the ontology. Ontology*
Results for P41: No license declared. Ontology*

Figure 9: OOPS! Pitfall Scanner Results

The Pitfall Scanner illustrated in Figure [0]shows a couple of minor errors
and one important error. The first minor error found in one case is an un-
connected ontology element was found. One class was created isolated with
no relation to the rest of the ontology. The second error was the lack of
annotations in classes, datatype properties and so on. This ensures human
readability of each class, datatype, etc. Another pitfall that OOPS! detected
was the lack of inverse relationships. This pitfall appears when any rela-
tionship does not have an inverse relationship (owl:inverseOf) defined within
the ontology. Another problem found by OOPS! is the naming convention
in the ontology. The ontology elements are not named following the same
convention like CamelCase or use of delimiters such as "-" or " ". All of the
previous mentioned errors were minor, but there is one error highlighted as
important, which is the lack of license, which was added later using Protege.

During the evaluation process using OOPS!, the errors and pitfalls were
handled and fixed with another powerful tool called Protege. Protege is
a well-known and widely-used ontology editor. It provides a user-friendly
interface for creating, editing, and visualizing ontologies [IT]. With protege,
all detected pitfalls were able to be fixed, as OOPS! specifically pointed out
the exact error class or property, ensuring that the ontology complies to the
standards of ontology development.
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Active ontology x Entities x Individuals by class x DL Query x OntoGraf x

Data properties Annotation properties Datatypes Individuals = @ award — http://visualdataweb.org/newOntology/Award
Classes Object properties Annotations Usage
Class hierarchy: award EIErT
L 73 A - I ) Asserted [ Show: this disjoints named sub/superclasses
. Found 13 uses of award
@ owl:Thing ©®avard
[ ] award
h

: :?:tcch mmaward rdfs:label "award"

© performanceStats mmaward rdfs:label "award"@en

© player mm award rdfs:comment "An indivual award won by a player”

© position

© referee mmawardName

© stadium

mmawardName Domain award
© team

@ tournament

mmawardSeason
: :;rlat;cllI;Ou(Tournamen( mmawardSeason Domain award
@ trophy Description: award

Equivalent To

SubClass Of

General class axioms

SubClass Of (Anonymous Ancestor)
Instances

Target for Key

Disjoint With

Disjoint Union Of

Figure 10: Ontology opened with Protege

The above Figure [10] shows the football ontology opened with protege.
In this case, the "Classes" tab is opened, showing all classes of this ontology.
Protege follows a hierarchical organization, typically presented in a tree-
like format. On the right side there are several options available, such as
annotations like label, comment, etc. and other possibilities such as adding
sub-classes or instances.

The evaluation using OOPS! Pitfall Scanner was a very important step
for ensuring a correct and functional ontology without missing annotations
or any other pitfalls that can occur during ontology development, with the
help of protege, the detected errors were fixed.
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5.3 Evaluation from Domain Experts

In the final step of the evaluation phase, an interview was held with two
domain experts, who were also interviewed in the beginning of this bachelor
thesis in Section in order to assess the completeness, correctness, and
usability of the developed ontology.

During the interview, the domain expert suggested to include an addi-
tional class "Position", which would be a more structured representation of
player position, instead of directly linking the positions to the players as it
was before. The "Position" class would include all the sub-classes such as
forward, defender, or midfielder, providing a more organized representation
of player positions within the ontology.

This evaluation with feedback provided by the domain experts helped to
identify potential improvements for the ontology, ensuring that it fits to the
needs and expectations of its end users in the football domain.

6 Discussion

The discussion of the ontology involves reflecting the outcomes of the de-
velopment and how it is compared with other existing ontologies. A deeper
understanding of the challenges faced was gained, especially in stakeholder
engagement, ontology structuring, and data integration. This Section will
focus on achievements and the limitations observed during the project, as
well as potential approaches for future improvement.

6.1 Insights gained from the Ontology Development

Developing the ontology using the LOT methodology was a challenging project,
where several key insights were gained. One important learning was the im-
portance of stakeholder engagement, particularly in defining functional re-
quirements through competency questions. The feedback of domain experts
helped refine the ontology scope and ensured its relevance to real-world sce-
narios. Another interesting insight was integrating the conceptualization
and encoding phases. With utilizing tools such as WebVOWL, real-time ad-
justments and iterative refinements were made, resulting in well-structured
ontology. One of the challenges were during the data exchange identification
and encoding phases, such as the scarcity of comprehensive football ontolo-
gies, underlined the need of creating a dedicated and detailed ontology in
this domain.
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6.2 Comparison with Existing Ontologies

To evaluate the effectiveness of Footology, a comparison with other existing
ontologies in the sports domain was conducted. In Table 4], the similarities
and differences between Footology and other existing ontologies are shown.
The two ontologies, "Semweb-football" and "Sport-Ontology", from Section
[2.3] were used as a comparison ontology.

matches, and detailed
performance stats.

ers and teams with-
out deep integration of
match data or stats.

Feature Footology Semweb-Football Sport-Ontology

Main Domain Football-specific Football-specific General Sports

Scope Comprehensive, cov- | Focuses on football | Limited to general
ering players, teams, | but primarily on play- | sports events and

teams with minimal
focus on football-
specific details

Detail Level

High, with detailed
player stats, match
events, and perfor-

mance statistics.

Medium, with a focus
on player attributes
but less on match-
specific data.

Medium, general
information about
sports events, teams,
and matches.

Key Classes

Player, Team, Match,
PerformanceStats

Player, Nation-
alTeam, League,
LeagueSeason

SportsEvent,  Sport-
sTeam, Match, Tour-
nament

Object Properties

Rich set of properties
including hasPlayer,
hasPerformanceStats,
participatesln, and
others tailored to
football.

Properties like hasPo-
sition, isChampionOf,
hasTeam, focused but
lacks thorough cover-
age in match-specific
contexts.

Basic properties
like  hasHomeTeam,
hasAwayTeam, has-
Participants,  which
are more generic.

Table 4: Comparison of Ontologies

Footology offers a more comprehensive and detailed representation of
football compared to the other two ontologies. While "Semweb-Football" fo-
cuses mainly on players and teams with less match-specific data, and "Sport-
Ontology" focuses more on general sports aspects, Footology covers all key
aspects of football, including detailed player stats, match events, and perfor-
mance metrics. This makes Footology more complete and better suited for
football-specific applications.

6.3 Conclusion and Future Work

This bachelor thesis handled the development and evaluation of a football
related ontology, applying the Linked Open Terms (LOT) methodology. The
thesis began with a literature review, identifying gaps in existing football on-
tologies and resources underlining the need for a structured representation of
football related knowledge. The first step of the LOT methodology discussed
the requirement specification, leading to a completed ORSD document, which

44



served as a foundation for the implementation and development process. The
development process contained the conceptualization and evaluation phases
to ensure it met the functional requirements derived from competency ques-
tions and expert feedback. The publication of the ontology on GitHub and
its documentation via WIDOCO ensures that it remains accessible to other
developers and researchers.

As for future work, no further updates are planned, but the ontology will
be accessible on GitHub for the community to expand the scope, refining its
detail level, or integrating it with other relevant information. By uploading
the Footology online, it serves as a resource for researchers, other developers,
or enthusiasts who want to build upon this ontology or use it as a reference
in their own projects.
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