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Abstract—Today, distance education is one of the world’s most
popular forms of education, and there are several opportunities
for students to receive education online. Here, ontology can be
considered one of the leading knowledge representation ways in
e-learning systems. This research addressed students’ learning
difficulties in Sri Lankan online education during the past
two years. Students had to learn from home via online video
conferences or audio series taught by teachers. However, students
could not learn by asking questions or referring to the library
materials to improve their self-studying knowledge. To overcome
this issue, this research developed an ontology for school children
in Sri Lanka, focusing on their IT syllabus and improving
their self-education knowledge. This aims to provide personalized
content while improving information searching. Students can ask
questions from UI, and questions are taken as an input parameter
and generate a query while cleansing for matching processes.
Answers are generated by connecting to the index database and
ontology repository, and the end output is displayed in the user
interface. In the evaluation, it was targeted to categorize the
questions according to relevant components, and the research
shows the questions that are categorized into relevant categories
while enhancing the performance.

Index Terms—Ontology, e-learning, online education, machine
learning, ICT

I. INTRODUCTION

Due to the current pandemic situation, the online education
system is already being implemented in Sri Lanka. Distance
education prevents students from engaging in self-study by
asking practical questions other than the subject matter that the
teacher provides online. This is due to the limited time given to
one subject online and the effort to solve the external/technical
problems caused by it and to teach the subject parts planned
by the teacher with great effort. Also, the student has lost
the opportunity to study alone using the learning resources at
school. Even in the distance education system, the teacher’s
involvement should be minimized, and the student should
have the opportunity to study independently. Unfortunately,
there is hardly any such facility for a school student in Sri
Lanka. Currently, the opportunities for school children in Sri
Lanka to receive education through new technology have not
yet expanded. Moreover, due to the epidemic, the online
education system has become active, and it has also been

weakened due to various social and economic reasons. Under
such circumstances, many students are left without proper
education.

Distance education is disadvantaged due to the current
social, economic, and environmental problems faced by
school children in Sri Lanka. There, students should have
the opportunity to learn online by volunteering questions.
The main problem is the lack of a formal learning system
for students to learn by asking questions. Although there
are small web pages, students cannot search for information
using keywords. Also, the data they are looking for will not
be displayed accurately. Sometimes, we may have to face
incorrect or not matching, or no found data. In this research,
several objectives are planned to achieve. The high level
system diagram is shown in Figure 1.
Developing a question-answering ontology as an e-learning
platform for the users to ask questions and get the relevant
answers accurately. Providing personalized content is an
essential factor when users ask questions as input. Then their
multiple users can ask multiple questions at the same time.
Therefore should be able to provide personalized answers for
each user. Accurate searching results enhance the accuracy of
the data when multiple users ask the same question differently.

Fig. 1. High Level System Diagram978-1-6654-8786-3/22/$31.00 ©2022 IEEE



Ontology is applied in different subject areas with different
senses like philosophical or computational. ”Ontology can be
described as a formal description of knowledge from some
domain. It can be understood as complete knowledge used in
a computer system or as a class model of one domain.

This paper discussed the existing e-learning ontology-based
approaches and their findings in section II. Section III dis-
cussed the methodology with relevant diagrams. Evaluation
is discussed in section IV. Section V has been reserved for
Limitations and future works. The conclusion is addressed in
section VI.

II. LITERATURE REVIEW

Polakowski and Krzysztof mentioned in ”Ontologies for
eLearning”, which represents the current eLearning systems’
architecture and new up comings. Moreover, it shows how
ontologies can be integrated with e-learning systems by giving
the best services to the users. In the legacy systems, the learn-
ing management system (LMS) is one of the best examples,
and its features are divided based on all users, teachers, and
students. The system provides authentication, a personalized
dashboard, a guiding facility, a notification feature, and com-
munication methods for all users. Teachers provide students-
related management and access control, content-providing
feature and admin powers. For students, uniquely provided
personalized content based on student details, content access
and feedback features etc. In a learning management system,
architecture is designed with four major components.

Three different aspects can be achieved for developing an
eLearning system in an ontology. First, personalized content
can provide the exact user expectation from user to user.
Further described, via the ontology, it should be the ability
to understand the user’s profile with his progress. For this, I
suggested a solution to a user module with offline and online
two parts: identifying the static data (user’s fix information,
ex: user registration details, course enrollments) and dynamic
data (current progress). Using this model, ontology can decide
the user expected content. Another aspect is providing the
best search result for the user. The last aspect is the feedback
generation for the users to improve the quality of the learning.
It provides the status of the learning accuracy, suggestions
with resources, time duration, notification etc. To provide
great feedback, domain or task-oriented feedback methods can
reduce the dev task and save time [1].

”Enhanced Semantic Question Answering System for e-
Learning Environment Ying-Hong” suggested that a seman-
tic question answering system needs an automatic assistant
learning and self-paced learning mechanism to support today’s
e-learning environment. They aimed to provide a solution to
answer the questions by understanding the natural language
and providing the best search results. Their solution used
Link Grammar Parser to analyze the relevant information from
the user input. First, the link Grammar parser checks the
grammatical conditions of the inserted user input sentence.
There, generate a linkage with labels and curves of each word.
According to that information, similar types of word lists are

generated with query processing with the help of WordNet to
get their exact meaning. Designed a semantic tree with two
types of information for the Data Structures course ontology
and find the relevant contents to answer learners. They have
enhanced the feature of understanding learner questions within
the form of natural language, the accuracy of searching results,
and automatic learning mechanism. However, their problem is
dealing with user input and semantic content by removing
unwanted spaces, symbols, etc. [2].

The paper, ”Ontology-based model of information technol-
ogy for e-learning systems”, suggested a model for e-Learning
ontology to gather the lesson content, provide the user with the
expected result without guidance from an admin and automate
the task that monitors the knowledge. The ”Chunk-based
approach, Meta-ontology” solution was used to accomplish
the targets. They were able to classify ”repositories, social
networks and LMS”. The proposed model can use all kinds
of e-learners, including teachers with several features. [3].

”Ontology for e-learning: a case study” suggests a method
to build an ontology using the ’Bayesian networks as a
solution to the ontology data nodes’ conditional dependencies.
It will enhance knowledge accuracy and efficiency by giving
the encoding facility. There is clear visibility between this
network’s nodes and arcs, and it will be easy to understand
and use by the user. They have difficulty using the suggested
solution to complex domains [4]. There are e-Learning systems
developed with Android-based for child education [19]

P.Kaur et al. proposed in ”An Ontology-Based E-Learning
System” an ontology-based platform for eLearning for both
teachers and students to do their tasks with metadata while
enhancing the performance, reusability and adaptability of the
system and the content. Web Ontology Language and the
semantic web have been used to develop the platform archi-
tecture containing four main modules (Learning Environment,
Repository, Semantic Web, Administrator) [5]. The paper ”De-
veloping an ontology for curriculum and syllabus” suggested
an ontology-based model for any institutional curriculum,
course, or syllabus by targeting the conceptualization concept
of educational knowledge format. Moreover, the model is
reusable for the institutions. The model of the ontology was
driven under four phases, including definition, building the
ontology, evaluation, and documentation. [6].

According to ”A Survey on Ontology Evaluation Methods”
by Joe Raad, and Christophe Cruz, Ontology solutions are
trending nowadays. Meanwhile, the essentials of the evaluation
of ontology are highly critical. Because some of the ontology
is based on specific domain knowledge. For example, medical
ontologies have specific words and tasks. Furthermore, we
need to validate the system by maintaining quality and correct-
ness. Therefore, several criteria must be considered: accuracy,
completeness, conciseness, adaptability, clarity, computational
efficiency, and consistency. The evaluation approaches differ
based on the set of criteria, and four evaluation approaches
were introduced: gold standard, corpus-based, task-based, and
finally, criteria-based approaches [7].

Asunción Gómez-Pérez has proposed several ontology



evaluation methods in his ”Some Ideas and Examples to
Evaluate Ontologies Asunción” by targeting the ontology
developers, end-users and researchers. Evaluation methods
can be applied during the ontology lifetime to predict the
correctness and completeness of the ontology related to all
aspects. Among the technical evaluation methods, definition
evaluation investigates the missing proper planned factors in
the definition, which can be done at any stage of the ontology
life cycle. Several steps are followed here, some of which are
verified by the definition’s architecture or structure, syntax
and content [8].

Several researchers have developed an ontology-based ques-
tion and answer systems, but there is some limitation to
the completed projects [10] [11] [12]. Ontology works as
a data model to represent the concepts and relationships
among concepts [13]. Researchers develop tools to provide
an interface for programming assistance [14] [15].There are
tools developed to measure the performance of students and
lecturers with AI [17]. Ontology can be used to represent the
unknown and uncertain terms in some user commands. Some
researchers have developed a system with ontology to manage
some user commands with uncertainty. These contributions
can be used to developed some learning tools with intelligence
[16] [17].

III. METHODOLOGY

This project is being carried out as a solution to the above
problem. The proposed research solution was narrowed down
to Sri Lankan school students doing ICT subjects for their
secondary education. Through this system, students can ask
ICT-related questions, covering the fundamentals of computer
systems in the Sri Lankan school IT education syllabus. It
is supposed to cover the knowledge required for their school
education. The system diagram is shown in Figure 2.

Fig. 2. System Diagram

There are two significant sections of the system: general
system flow and Ontology. The general system is the primary
user interface system (GUI) with input getting, connecting
with ontology to do the process and output release to the
user. However, several stages are included here, and processes

are different although interconnected with each other modules.
The ontology section is the hidden section for the external
users, including the central ICT ontology repository, index
database and all the patterns matching and applying processes.
The architecture diagram is shown in Figure 3.

Fig. 3. Architecture Diagram

Fig. 4. Ontology Design

According to the architecture diagram, two significant
parts/sections are available in the proposed solution: the gen-
eral section and the ontology section. The system flow starts
from the general section. The first user enters the search
parameters as input through a user interface (GUI). Then,
based on these input parameters system generates a query.
For this process, use a query generating tool (SPARQL) as
the solution here. Next, cleanse the query for the following
matching process in the query processing stage. In the query
matching stage, it connects with the Ontology section and
checks the query pattern with the indexes database (reference
database). The index database is the database that stores
the query patterns. The purpose of maintaining an indexes



database is to improve the performance of the ontology system
by keeping a cache. The ontology designed is shown in the
Figure 4. The class hierarchy is shown in the Figure shown 5.

Fig. 5. Class Hierarchy

When the result is Yes, filter relevant contents from the
ICT ontology repository based on query pattern. Next, the
result sets are sent to the general system as similarity matching
and validation. From Step 4: When the result is NO, start to
apply/generate the patterns for the query based on the mech-
anism. We used Natural Language Processing and Machine
Learning to train the model. Next, analyze and classify those
patterns. When having the categorized queries will enhance
the performance of the system.

Same as Step 5: sending the patterns into ICT repository and
next, after validating results sets, sending into General section
as similarity matching and validation. . Finally, a matching
answer is displayed on the screen to the student as an output.
Meanwhile, the expected output is retrieved to the user, and
similar matching validations are checked in the index database
to determine whether they are already stored. If the result is
No, store those in the index database for caching purposes.
This feature aims to enhance the search results’ performance,
an innovative area of this research project. Here, teachers can
centralize their ICT knowledge to a common platform as the
content of the ontology repository. In addition, they can add
the contents to the repository.The Object Property Hierarchy
is shown in the Figure 6.

In the GUI, students can log in to the system using their
username and password and navigate to search GUI. In
addition, they have the facility to ask questions in a given
interface and send the input to the system. After queries are
processed, relevant content is displayed on a separate content
page. For the proposed solution, use the below technologies
for the implementations: Protege Ontology Editor, SPARQL,
Machine learning (model training), and NLP. The Data Prop-
erty Hierarchy is shown in Figure 7.

Fig. 6. Object Property Hierarchy & Mapping Classes

Fig. 7. Data Property Hierarchy & Mapping Classes

IV. EVALUATION

It is vital to provide end-users with an efficient ontology
system with correctness and completeness. In the industry,
several methods are used for evaluating the ontology by
categorizing it into several types. As per the legacy works,
there are four types of evaluation methods. Gold standard-
based, Corpus-based, task-based, Criteria based.

According to the proposed solution, the ICT ontology is
domain-specific, and the content is specific. Even though
there are several evaluation methods are available, currently
planning to evaluate the content of the ontology and the
performance. Here, to verify that the uploaded content is
covered, the planned content domain uses the Corpus-based
approach as it is a data-driven concept. Another aspect is that
ontology should perform well when the relevant tasks have
functioned. To evaluate this, use Natural Language Processing
and Machine Learning-based approach. Nowadays, NLP is
a trending technology concept in applications. Then their
users input various types of content to the systems, which
should be needed to identify and classify them into relevant
categories [9]. This proposed approach to classify the user
input questions into different categories used the NLP-based
machine learning approach while enhancing the accuracy.
Here got the data into the machine learning code base with



two columns, including Question and the Component. In the
Component column, describe the relevant question-related
feature. Cleaned the data set while removing this empty data
from the training process. Identified the unique components
of the data set and mapped them into numerical values for
the easiness of the accessible. The data visualization is shown
in Figure 8.

Fig. 8. Data Visualization

To prepossess the text, fed a classification algorithm, trans-
forming the text into vectors TFIDF (Term Frequency Inverse
Document Frequency). Next, the lower case and punctuation
were removed using ”mind, Sublineartf, Stopwords functions”.
Next, find the most co-related terms per each component to
identify the weightage. As the next step to train, the model is
split into two parts, the data set as train and test. I used 75 per
cent of the data for training and the remaining for testing. Here,
the X is considered as the Questions under Input criteria and
used the output as a Component under Y. Finally, to check the
best performing method, applied several algorithms, Random
Forest, Linear Support Vector Machine, Multinomial Naive
Bayes, Logistic Regression.Performance of Text Classification
Models is shown in Figure 9. Mean Accuracy is shown in the
Figure 10.

After applying algorithms, we compared the ’Mean Accu-
racy’ and ’Standard Deviation’to, everyone.

Fig. 9. Performance of Text Classification Models

Fig. 10. Mean Accuracy

Based on the results, selecting the ’Linear Support Vec-
tor Machine’ algorithm was well performed for the model
training. Next, we trained the model and generated a report
for evaluation. The report can identify the higher number of
occurrences of classes. The Classification metric is shown in
the Figure 11. The Classification metric is shown in Figure
12.

Fig. 11. Classification metric

Meanwhile, we applied the confusion matrix for identifying
the missing classified predictions and performed very accu-
rately.

V. CONCLUSION

Ontology is one of the most significant popular learning
methods nowadays. This concept can be used as a solution
for distance education matters. For example, during the
Covid period, most students were doing their studies at
home and facing several issues. Sometimes, they could
not engage with their teachers properly or attend classes
online correctly. Therefore they had to do their studies with
additional self-study to fulfil. When considering the situation
of Sri Lanka, there are many issues for school students during



Fig. 12. Confusion metric

the Covid situation when doing their studies. Because all the
students were doing their studies from home while attending
online classes, during the given short period, teachers could
not pay attention to all the students’ questions while causing
significant issues. As a solution to this matter, in this research,
we have proposed an ontology-based solution for students.
We have narrowed it down to ICT subjects done in Sri
Lankan schools’ students in the research scope. The research
aims to provide personalized content while enhancing the
accurate search result set. The ultimate goal of this research
is to improve the self-studies of Sri Lankan school students
who are learning ICT, and they can ask the questions through
a user-friendly GUI and get an accurate result set. Also,
multiple users can get the relevant result while asking the
same question differently. As mentioned during the As Future
works, In the current research solution and implementation,
we were scoped to provide the content into the knowledge
repository and send it to students. However, in future plans,
we aim to implement content upload by teachers to the
repository and edit by themselves to enhance the system to
upload the contents by teachers and manage by themselves.
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