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Abstract

This work presents the creation and representation of an
ontology model for the domain knowledge used for learning
objects. The purpose of the developed ontology model is to
define relations between learning objects that can be applied
for their effective search and visualization. As the number
of learning objects increases, the representation of the
knowledge domain becomes challenging. In this paper, the
authors propose the application of multidimensional concept
maps (MCMs) for domain knowledge representation. The
definition of different attributes used in the ontology model
allow for defining the different dimensions needed for MCM
ontology visualization. In order to achieve integration of
the defined ontology model and MCMs, a software tool
named Ontology-based system for learning objects retrieval
(OBSLO) was developed. OBSLO’s role is to dynamically
generate MCMs given the defined ontology with its relations
and attributes, while also providing a content delivery
environment and working space for learners. Proposed
OBSLO architecture with integrated ontology model
and MCMs was evaluated and compared to the learning
management system where ontology and MCMs were not
used. It was shown that learners using OBSLO showed better
success rate in learning and positive level of satisfaction.

Keywords: Ontology, Learning objects, Multidimensional
concept maps, Personalized e-learning

1 Introduction

Unlike traditional e-learning systems where learning
materials are uniform for all learners, the emerging e-learning
systems lean towards tailoring to the needs of each individual
learner by providing scalable, flexible and personalized
systems [1]. Personalized e-learning systems increase
learner interactivity, engagement, retention and academic
achievements [2]. Personalization in e-learning can be
treated as the combination of automatically adapting learning
content to the interests and knowledge levels of learners, as
well as the possibility of making learning decisions in a self-
regulated manner (recommending a next exercise, giving a
simple list of relevant exercises, etc.) [3-5]. One of the ways
of creating an online environment that is flexible enough
to offer personalized learning is by segmenting learning

materials into learning objects (LOs). LOs present flexible,
reusable and manageable units of knowledge that fulfill a
single and affirmed learning goal [6].

The structuring of learning materials from LOs, poses
the challenge of LOs search and retrieval. In order to enable
effective retrieval of LOs, LOs are assigned with a set of
metadata. While metadata are suitable for the description of
multimedia, they are not fully helpful in describing semantic
meaning of textual information [7]. Although recommended
by e-learning standards, metadata is also not sufficient to
solve the problems of LOs reusability, flexible retrieval and
accessibility [8]. For that reason, LOs have to be enriched
with the representation of complementary attributes that can
be helpful for both creating new content and for searching
through existing content [9].

Among the approaches that enable efficient LO retrieval
is the use of domain ontology. The ontology model is used
to specify the LOs organizational structure based on the
domain concepts. Structuring a course in the form of LOs can
ultimately produce a large number of LOs. The challenge that
arises from having a large amount of LOs is in dynamically
building a personalized learning path without exposing the
learner to complex structures of knowledge [10-11].

In order to simplify the complex structure of knowledge
presented by the ontology, while allowing learners to
learn progressively and effectively by mastering small and
independent concepts first, the structure of Multidimensional
Concept Maps (MCMs) is introduced. In [12] the
concept map is applied for the first time for representing
interrelationships among a set of concept as a two-
dimensional, hierarchical, acyclic graph that is also known as
Novak concept map (NCM). NCM organization and structure
provides a good navigation strategy for learners because it
reduces learners’ disorientation, which often occurs when
they navigate through a non-linear structure or complex
ontology [13]. However, the grown NCM graph may occupy
several web pages in both horizontal and vertical directions,
which causes difficulties for learners to study the concepts
without using the web page scroll bars [14]. Moreover,
NCMs cannot be used for easy explanation of difficult,
multiple concepts consisting of many other subconcepts,
which may lead to learner overload [15-16].

Typical learning management systems (LMSs) that use
learning objects for organization and presentation of teaching
and learning materials, deliver this content to learners in
sequential order, which may not be suitable for different

*Corresponding Author: Jovana Jovi¢; E-mail: jovana.jovic@metropolitan.ac.rs

DOI: 10.53106/160792642023092405003



1044 Journal of Internet Technology Vol. 24 No. 5, September 2023

learning strategies (i.e. guided exploration needed in problem
solving, self-regulating learning, etc.), especially when the
teacher needs to assess students’ understanding of specific
concepts [17]. Concept mapping can allow learners, with its
advanced organization of concepts, to choose concepts they
need at any stage of the learning or problem solving, by
allowing learners to identify more inclusive concepts that are
likely to be familiar to the learners, as well as more specific
concepts [18]. Additionally, a concept knowledge map can be
used to help learners perform study navigations, but however,
the diversity of knowledge domain extremely complicates
the dependency among related knowledge and significantly
increases the size of knowledge maps [19].

There are several approaches in modeling online courses
with ontologies and some concept mapping plugins used in
popular LMSs [16, 20-22]. For instance, Moodle offers a
variety of plugins such as MindMap. While Moodle mind
maps provide an improvement to Moodle’s traditional lesson
outline, the delivery of the learning content is not suitable for
a large course.

In this paper, MCM approach is used to create a scalable
visualization of the domain ontology. The structure of the
MCM simplifies the complex structure of knowledge and
scales the presented ontology of concepts. The MCMs are
integrated with an ontology model enabling efficient retrieval
of learning objects stored in LMS repository in order to
achieve dynamic generation of MCMs and allow for more
flexible navigation through learning content.

In this work we consider how to resolve three problems
to which available research has given limited attention:

(1) How to automatically visualize ontology of learning

content in the online learning environment?

(2) How to integrate the MCM and ontology model ap-
proaches to achieve interactive visualization for dy-
namic delivery of personalized learning content for
each learner?

(3) How to provide an easier upgrade of the existing
learning systems in order to support personalized
learning with ontology models and MCMs?

This work proposes a software architecture for
classification, organization and reuse of LOs. This
architecture supports creation of LOs ontology with its
relations and attributes, allowing the learning content to be
visualized in multiple dimensions of MCM. Each dimension
is specified using user-defined dimension attributes, such as
knowledge level (i.e. basic or advanced knowledge level).
MCMs and ontology enable a dynamic visualization and
creation of a personalized learning space allowing dynamic
delivery of learning content. This is attained through a new
software component named Ontology-based system for
learning objects retrieval (OBSLO) with architecture that
provides the learning environment for personalized learning.
OBSLO provides the following capabilities:
(1) Organizing LOs using the proposed ontology model
(Section 2)

(2) Visualization of the LOs ontology using MCMs and
dynamic creation of personalized learning space for
each learner (Section 3)

(3) Easy integration with legacy and external systems

that were not designed to support personalized learn-
ing (Section 4)

(4) Increase learning efficiency and user satisfaction by
integrating ontology model with MCM learning con-
tent representation (evaluation shown in Section 5).

In our previous work the ontology model was developed
and visualized as a two-dimensional ontology tree [23-
24]. This work extends the previous work by enhancing
the ontology model with properties that allow automatic
generation of multi-dimensional ontology trees and providing
intuitive visual representation of the ontology tree by using
MCM approach. Dynamic delivery of personalized content
in the learning environment is enhanced with capability to
include student assignments and to automatically generate
student feedback based on their answers.

An evaluation of the OBSLO system is demonstrated
using the Information Management knowledge domain that
is applied in a Database course. OBSLO’s evaluation was
compared to the use of a traditional LMS using the same
learning content.

The paper is organized as follows: Section 2 presents
the proposed LO ontology model. Section 3 describes
visualization of defined ontology and dynamic generation
of MCMs and learning space. Section 4 describes software
architecture, while Section 5 presents OBSLO evaluation
results. Section 6 concludes the paper.

2 Ontology Model for LO Organization

In this work, the initial structure of the course ontology
is set using Noy & McGuinness’s guidelines that specify
stages of ontology developing and modification [25]. These
stages primarily entail defining the concepts and their internal
structures (properties), attaching facets to the properties
(value type, allowed values, the number of allowed values
etc.), and defining the concepts’ hierarchy.

The concept hierarchy at the top layer represents the
knowledge area, which contains knowledge units that further
contain topics and subtopics. In this manner, the curriculum is
defined as the most general concept at the top of the ontology
and the knowledge area and knowledge units, while topic
and subtopics are defined as more specialized concepts at the
lower levels of ontology. In this work, only one knowledge
area from the curriculum will be considered, without defining
relations between knowledge areas (Figure 1).

The ontology is represented as a graph, which contains
three types of elements: (i) concepts (knowledge area,
knowledge unit, topic, and subtopic), (ii) relations between
concepts, and (iii) LOs. Five types of relations are identified:

(1) Part of relation (PO) is established between concepts
that describe that a subtopic is a part of another high-
er-level topic.

(2) Has content relation (HC) is defined between con-
cepts and LOs, indicating that the LO explains cer-
tain higher-level topic or subtopic.

(3) Order relation (OR) between LOs. OR can be defined
as: (a) a mandatory relation representing that one or
more LOs are prerequisite to the LO that follows this
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relation and their content must be learned first, and (b)
an optional relation representing recommendations
of which LOs may be learned in order to gain deeper
knowledge about a topic.

Has resources relation (HR) used between LOs and
its resources. This relation provides flexibility in
searching for a specific part of LO, without having
to search through the entire ontology tree. With this
relation, the learner can search for the resource,
without having to browse through concepts and LOs
content. Figure 2 demonstrates an example of the HR
relation.

Basic/advanced relation (BA) is used between con-
cepts. This is a bidirectional relation indicating that
one concept is on a lower knowledge level than the

Optional OR

other. Two concepts connected by BA relation can be
on different levels in ontology hierarchy.

With such an ontology model, concepts and content
are separated. LOs are the only nodes that actually contain
content. The separation of concepts from content means that
content can be changed without affecting the overall structure
of ontology and vice versa [16].

Concepts can be characterized with their properties
(attributes). Using different attributes allows for defining
different dimensions used for ontology visualization. Each
concept can have a multivalued attribute (i.e. a concept
may be both basic and intermediate). However, in order to
simplify the presentation of the ontology model in this work,
we will consider only concepts with basic and advanced
knowledge levels.

Knuw$edge \

Unit N

Po
SRR

Knowlege

Mandatory OR
AN

Figure 1. The conceptual model of ontology
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3 Visualization of the Ontology Model
using MCM

3.1 Principles of Visual Grouping

Topics-subtopics-LOs parent/child relationship in MCM

is built in several dimensions:

(1) Higher-level topics are parents to their subtopics
and are branching down vertically to LO. This child/
parent relationship is realized through PO and HC
relations.

(2) Horizontally, LOs are connected with OR relation.

(3) Third dimension provides flexibility to narrow down
the number of LOs by grouping LOs with similar
attributes such as defining topic difficulty level (basic
and advanced). This is conducted through assigning
attribute “knowledge level” to the concept, and relat-
ing them with B4 relation.

MCM provides flexibility to define more different
relations that will help in distinguishing new dimensions.
Allowing to add multiple new dimensions allows for dividing
concept maps further. New dimensions can also be introduced
by defining the new attributes to the concepts and introducing
new relations to these attributes.

Once the ontology is defined, the concept map can be
generated. Only parts of the concept map are visible to the
learner. What part of the concept map is delivered to the
learner depends on learners actions and learning pace.

Principles of visual grouping of related concepts
developed for the purpose of this work are:

*  For the top-level concept, for parent node, only their
child nodes are shown, showing only the next level
concepts. For example, if the knowledge area is the
top-level concept, their child nodes are knowledge
units.

e Once the concept on the next level is chosen, its
entire subtree is shown. Topics that have Basic/Ad-
vanced relations indicate that advanced topics exist
and that can be navigated to.

*  For the topics at the lowest level, its LOs are shown
with their mandatory LOs, with an indicator that op-
tional LO exists and that can be navigated to.

* By selecting a LO its content is displayed.

3.2 Creation of Personalized Learning Space using LO

ontology and MCM

For the purpose of this work OBSLO software tool
was developed to support dynamic creation of learning
space while automatically adapting learning content to the
knowledge levels of learners. Having software, such as
OBSLO, provides several advantages:

»  Students can personalize their concept maps in real

time,

*  Students can learn at their own pace,

*  Students can easily see related topics and their orga-
nization,

e Students can view learning material in LO structure
through smaller chunks.

For the needs of this work the ontology for the Database
course, based on the IEEE Computer Society’s Information
Technology 2008 Curriculum Guidelines for Undergraduate
Degree Programs and the knowledge area Information
Management (IM) was used and implemented in OBSLO.
This section demonstrates proposed LO ontology models
and MCMs of IM knowledge domain used in the Database
course. Knowledge units of /M are shown in Figure 3.

Information Management Concepts and
A Fundamentals (IMCF)

Database Query Language (DQL)

Ve ) N\ Data Organization Architecture (DOAR) )
( Information Management \ J

\_ (IM) Y,

Data Modeling (DMOD) /w

( Managing the Database Environment (MDBE) )

Special Purpose D

P

(SPDB)

Figure 3. Key concepts for the Information Management
knowledge area

Figure 4 demonstrates how attributes of “knowledge
level” can be used to create different dimensions, later to
be used by MCM. The knowledge unit Database Query
Language (DQL) is divided into basic and advanced
concepts, between which basic/advanced relation is created.
This ontological model allows the learner to either start from
fundamental concepts, or to have an easier overview of the
advanced topics. For example, the learner who acquired basic
knowledge about using of the WHERE clause in the SELECT
statement has the possibility to learn how conditions specified
by WHERE clause can be expressed in Query by example
language.

Using the ontology model presented in Figure 4 and by
using defined three dimensions, OBSLO can automatically
generate MCMs. Figure 5 represents an ontology model
corresponding to the DOL knowledge unit given in Figure 4.
Concepts with similar knowledge levels are grouped together.
All concepts in Figure 5 shown within the red line constitute
basic knowledge level, while concepts within blue line
constitute advanced knowledge levels (Figure 6). Concepts
that contain both basic and advanced parts are presented in
both knowledge level subtrees. Both Figure 5 and Figure
6 demonstrate how students in the Database course are
presented with MCM in their learning environment through
OBSLO.
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Figure 4. Ontology model for DQL knowledge unit
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Figure 6. OBSLO visualization of advanced knowledge level

4 OBSLO’s Software Architecture

4.1 OBSLO

Previously defined LO ontology model and MCM were
integrated and implemented through a newly developed
software tool named Ontology-based system for learning
objects retrieval (OBSLO). The OBSLO’s software
architecture consists of four different subsystems (Figure 7):

(1) Ontology authoring tool (OAT)

(2) MCM learning environment creator (MCMLEC)

(3) Assessment reports (AR)

(4) Relational database management system (RDBMS).

OBSLO’s component OAT enables an intuitive graphical
environment for: (i) ontology creation/hierarchy definition,
and (ii) establishing relations between concepts and LOs
[26]. Ontology elements are stored in RDBMS.

OBSLO’s MCMLEC component enables dynamic
MCMs visualization, while delivering learning content and
learning assignments. OBSLO allows for ontology structure
to be built and automatically generates MCM as an output.
Within MCMLEC students navigate through content and
assignments, and their navigation creates personalized
learning content. All of the student activities, their answers
on assignments and information about successfully solved
problems are stored in RDBMS for later analysis by AR
component.

AR component generates different reports and analyzes
students’ paths and success during the student activities by
using MCMLEC.

4.2 OBSLO’s Integration with Other Systems
OBSLO enables easy integration of the Institutional

Learning System (ILS) with a heterogeneous set of tools and
external tools, such as auto grader of student assignments.
The integration of these components is based on service-
oriented architecture (SOA) where each individual software
component is integrated with other components by its set
of RESTFul web services (WSs) or mediator elements.
WSs in SOA provide an easy and fast method of integration
that allows smooth and seamless communication between
the systems and enables data exchange, providing at the
same time interoperability, usability and reusability of each
individual component [27].

As such, OBSLO implementation can be reused with
other systems with similar capabilities. OBSLO is not
meant to replace the e-learning system, but to be used for
enhancement and extension of existing systems. By using
SOA the integration of OBSLO with other components in the
architecture does not require any modification of pre-existing
components but only uses their embedded WSs.

In our proof of concept (Figure 7), OBSLO is integrated
with the following external systems:

(1) Institutional Learning System - consists of two inde-
pendent systems Learning Activity Management Sys-
tem (LAMS v3.0) and DITA Authoring tool (mDITA)

(2) CodeBox — assignment autograder.

(3) LAMS represents a functional open source e-learning
system that supports storage and presentation of: (i)
learning content in the form of the series of LOs, and
(i1) interactive learning activities. The mDITA Au-
thoring tool allows creation, structuring and improve-
ment of LOs with a set of metadata. LOs repository
(LOR), part of LAMS, provides storage for LOs and
it communicates with mDITA through “LAMS-mDI-
TA Authoring tool proxy component”.
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Figure 7. Platform architecture of the integrated systems

OAT is integrated with mDITA by using proxy “OAT-
mDITA Authoring tool” which enables LOs to be enriched
with the representation of complementary knowledge from
ontology.

MCMLEC is integrated with LAMS by using proxy
“MCMLEC-LAMS” in order retrieve LOs content and
present it in MCMLEC.

OBSLO’s capability of integration with external systems
is demonstrated through integration with CodeBox, the
external auto grader for verification of SQL statements. This
integration is enabled by using “MCMLEC-CB Proxy”.
CodeBox offers a RESTFul public interface which is used by
MCMLEC for checking the accuracy of student solutions.
SQL statements are executed in CodeBox and results are
returned back into MCMLEC.

5 Results and Discussion

5.1 Methodology

In order to evaluate the developed system and
implemented ontology model presented through MCMs,
OBSLO was evaluated by teachers and students. The
teachers’ main role was to develop the course ontology by
using OAT. Students’ role was to access posted assignments
and learning materials through MCMLEC using MCMs.

Results of OBSLO evaluation were compared to student
experience from the same Database course taken by the
students who in the previous school year were using only
the LAMS system. The learning content, learning objects
for both groups was the same. but their retrieval and
visualizations were different. It is important to note that both
classes used the same teaching content (instructional text,
videos, examples), while students who worked in OBSLO
were presented LOs using MCMs of knowledge domain with
its own set of assigned assignments and automatic grader,
where LAMS presented LOs only in sequential linear order

without automatic grader. Assignments from the previous
year were slightly adapted, but focused on the same SQL
clauses. Student assignments were designed to gradually
introduce students from basic level problems to more
advanced problems, in order to stimulate them to go through
the learning content. On the other hand, LAMS assignments
were presented to students at the end of the lesson. However,
considering that the used learning content is the same, and
that assignments were addressing the same learning outcome
of the lesson, it was possible to compare student performance
on the similar type assignments with the same difficulty level.
Sample content of assignments given to LAMS and OBSLO
students are shown in Table 1, and it demonstrates the slight
difference in adapted content of assignment questions. Even
though this is a limitation of this study as two groups of
students did not have exactly the same assignments, given
the same learning content and the learning outcomes of the
lesson the following was the goal of this analysis:
e Identify how successful were the students in navi-
gating through learning materials using ontology and
MCMs approach in OBSLO,
*  Evaluate how much OBSLO and its content helped
students in mastering the learning content,
e Conduct satisfaction analysis of students using OB-
SLO for learning.

The OBSLO evaluation included 50 students, while the
LAMS evaluation group included 63 students. The OBSLO
group completed a survey at the end of the evaluation.

5.2 Comparison Analysis between OBSLO and LAMS
Usage
In this section, success rates in completing assigned
assignments are compared for both LAMS and OBSLO
systems. As these results were collected in two different
classrooms and instructors, for the purpose of this analysis,
similar assignments and difficulty levels were chosen.
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The student assignments were assigned in increasing
order of difficulty. Table 2 shows the number of students
who completed student assignments (SAs) and the number
of students who solved the assignments correctly in OBSLO.
It is evident that the percentage of students who have
successfully completed assignments using OBSLO is more
than 75%. Also, it can be noted that with each additional
question the number of students who completed assignments
decreased.

Results shown in Table 3 indicate that the percentage of
students who solved LAMS homework (HQ) correctly varies
from 26.67% to 68.29%, and that unlike OBSLO where the
percentage of students who have successfully completed
assignments is more than 64% for all assigned assignments,
HQI1 and HQ2 are below 30%. It can also be noted that the
overall percentage of successful homework assignments
solved in LAMS was 38.93%, which is much less than the
overall percentage achieved by OBSLO of 75.20%.

Table 1. Example of assignments given to OBSLO (SA1 — SA3) and LAMS (HQ1 — HQ3) groups of students

Questions

HQ1: a) Create tables DOCTOR, PATIENT, DISEASE and DIAGNOSIS that correspond to following relations:

DOCTOR (#DoctorID, FirstName, LastName, Specialization)

PATIENT (#PatientID, FirstName, LastName, Address, Phone, Age, DoctorID)
DISEASE (#DiseaselD, Name, Description)

DIAGNOSIS (DiagnosisID, PatientID, DiseaselD, DiagnosisDate)

b) Insert at least one row into each table
HQ2: List all patients with doctor firstname and lastname which age is greater than 25.
HQ3: List patients without diagnosis. The list should be sorted in ascending order using value of patient firstname (from

ZtoA)
SA1: a) Create tables CUSTOMER, ORDERS, ORDER _ITEMS and PRODUCTS that correspond to following relations:

CUSTOMERS (#CustomerID, FirstName, LastName, City, Country, Phone)

ORDERS (#OrderID, OrderDate, OrderNumber, CustomerID, Total Amount)
PRODUCTS (#ProductID, ProducName, UnitPrice, IsDiscontinued)

ORDER _ITEMS (OrderltemsID, OrderID, ProductID, Quantity, Total AmountPerltem)

b) Insert at least one row into each table.
SA2: List all orders with customer firstname and lastname which total amount is greater than 5000.
SA3: List customers that have not placed orders (7ofalAmount is zero). The list should be sorted in ascending order

using value of customer name (from A to Z)

Table 2. Number of students using OBSLO who completed assignments and who solved assignments correctly

Questions SA1 SA2 SA3 Overall
Number of students who completed assigned assignments 37 29 25
Number of students who solved assignments correctly 33 21 16
Percentage of students who solved assignment correctly 89.19% 72.41% 64% 75.20%
Table 3. Number of students using LAMS who completed assignments and who solved assignments correctly
Homework HQI1 HQ2 HQ3 Overall
Number of students who completed their homework 60 55 41
Number of students who got correct homework 16 12 28
Percentage of students who solved homework correctly 26.67% 21.82% 68.29% 38.93%

In order to analyze the level of OBSLO usage in relation
to LAMS, the time spent on each relevant LO was analyzed
(Table 4). It is obvious that students spent more time on LO
content learning by using OBSLO than LAMS. The reason is
that OBSLO provides more flexibility in accessing concepts
that are necessary to solve a specific assignment as MCM
enables students to easily navigate to the specific learning
content. With easier access to needed content students are

more likely to spend more time on it and possibly revisit the
content again. On the other hand, in LAMS students need
to click through each learning object in the linear sequence.
MCM encourages learners to focus on the concepts that
can help them in learning by allowing them to choose their
learning paths.

It should be noted that total time students spent on
learning content for both systems is only given for the web-
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based version of the lessons where students can click through
the learning content either through MCM in OBSLO, or
sequential order in LAMS. In both instances, students were
given an option to download the lesson in PDF format,
however, data shown in Table 4 does not provide information
on how much time students spent on downloaded PDF
lessons. Shown results in Table 4 only pertain to the time
spent on LO content in an interactive part of the lesson.

Given this consideration, it is most likely that students
are spending more time on the learning content while using
MCMs, and searching for the answers they need in learning
content presented in OBSLO, while the students using LAMS
most likely used PDF lesson format for learning or searched
for answers in other resources. One of the reasons behind this
could be the fact that going through the linear sequence of
learning materials in LAMS is less convenient for students,
and is probably the reason why they choose downloading the
lesson in PDF format.

Table 4. Time spent on LO content (in seconds per student)

LO related to assignment LAMS OBSLO
Create table 42 226
Alter table 14 6
Arithmetic operators 9 14
Logical operators 7 18
Relational operators 13 64
LIKE operator 11 54
ORDER BY 15 192
GROUP BY HAVING 15 29
INSERT 10 148
Table join 59 61

Table 5. Results from the student OBSLO questionnaire

5.3 Analysis of Student Satisfaction using OBSLO

The questionnaire, for students using OBSLO for
learning, was designed with the focus on identifying positive
and negative aspects that lead students to learn by using
interactive teaching material and learning through problem
solving. The analysis of the student questionnaire was mainly
focused on whether the students were satisfied in using
OBSLO.

OBSLO questionnaire results show the following (Table
5). Students were positive on how much preseneted material
through OBSLO helped them in solving their assignments
(3.38 £ 1.27), as well as the positive outlook on how much
working in OBSLO helped them in achieving the learning
outcomes (3.38 £ 0.95). However, it should be noted that
students did use additional learning material from the
Internet, not provided within the OBSLO (3.41 + 1.53) or
LAMS (3.35 £+ 1.51). Indirectly, this does not have to do with
the effectiveness of either of the systems, but it could mean
that learning material needs to be improved, or that students’
learning style incorporates searching for additional learning
material on the Web in general.

Students stated that they would like to use OBSLO in
other courses as well (3.00 = 1.28), and also showed great
autonomy in working on assignments (3.74 + 1.1) stating that
they succeeded in identifying the LOs they needed (3.44 +
1.08).

Even though students had a positive level of satisfaction
to using OBSLO, the questionnaire results point towards the
room of improvement of both OBSLO system, and therefore,
the satisfaction of students’ satisfaction and learning efficacy.
This evaluation analysis addresses students comments, and
point to future work and research.

Questions X £SD Median
Q1. How much did the contents of the teaching materials shown through the OBSLO system help in 3384127 3
solving the assignments? (helped = 5, did not help = 1) ’ ’
Q2. How much has working in OBSLO helped you in completing your assignments successfully? (helped
e 7 3.38+0.95 3
=5, did not help = 1)
Q3. To what extent did you use the Internet more than learning materials from the OBSLO system while

. . 3.41+1.53 4
solving the set assignments? (used = 5, not = 1)
Q4. To what extent did you use the Internet more than learning materials from the LAMS system while

. . 3.35+1.51 4
solving the set assignments? (used = 5, not = 1)
Q5. To what extent have you found the materials that were necessary to solve the assignments in the 346411 3
OBSLO system? (I did not find out what was really bad = 1, I found everything I needed = 5) ’ ’
Q6. To what extent have you managed to extract for each assignment learning objects that were better than 3444108 3
what you received at the beginning as recommended work objects? (I did not succeed = 1, I succeeded = 5) ’ ’
Q7. To what extent were you able to find the content from the previous lessons that you needed to solve the 346411 3
OBSLO system assignments? (I did not succeed = 1, completely = 5) ' '
Q8.To what extent would you like to use this style of learning in other subjects? (not at one = 1, at all = 5) 3.00 £ 1.28 3
Q9. To what extent did you work with colleagues while solving your assigned assignments (I worked 374411 4

entirely with colleagues 1, I worked completely independently 5)
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Students also added their comments about their OBSLO
experience:

“System is good”,

“It is a good idea and interesting for problem-based
learning”,

“I like the system and the most important is that
the learning materials are always available during the
assignments.”

On the other hand, comments also suggested that some
improvements of the functionalities and user interface are
needed, but also suggested the need for external resources:

“Everything is good, but the first graph is a little
confusing”,

“I do not see the purpose of the learning object isolated
on the working page”,

“Links to online resources would be helpful.”

The evaluation identified improvements that should
be made and further research conducted. Certain interface
functionalities can be improved:

(i) Considering that some students found MCM graph a
bit confusing, it is necessary to explore more intui-
tive MCM visual representation, and

(i) Giving students complete autonomy to search for
learning content needed to solve assigned problems
showed that students could not always identify nec-
essary concepts and that improvement could be made
by highlighting recommended material for students
and providing guidance through the material.

During the testing of OBSLO, it was noted that the
creation of LO ontology is not only time-consuming, but also
prone to some errors. For instance, students were identifying
relations between LOs that were not defined by the instructor.
Students actually identified alternative ways in which certain
assignments can be solved. This is why ontology creation
and modification can be improved by developing new models
based on the system usage:

(i) Provide automatic suggestions for LO ontology,
which can be drawn from the usage of certain learn-
ing content by students,

(i) Provide a model for collaborative creation of domain
ontology, including collaboration both between the
students and the instructors.

6 Conclusion

This paper addressed the usage of ontology in an
online course based on LOs and MCMs for the purpose of
enhancing personalization in learning. Defining ontology for
the knowledge domain and relations between LOs allowed
for easier navigation through the learning content, while
allowing learners with different backgrounds to learn at
their own pace. Key issues that were addressed were: (i)
the usage of MCM approach for scaling the visualization
of knowledge domain ontology, and (ii) automatic creation
of MCM from the defined ontology for concepts and its
LOs. Since a learner can often be overloaded with the
amount of material in the learning path, a new tool named
OBSLO was created to integrate ontology with MCM to
reduce learner information overload and provide efficient

learning space. OBSLO provides the flexibility to define
and visualize multiple dimensions of MCM, by allowing
definition of different attributes as relations between topics,
subtopics and LOs within concepts. These relations allow
for concept subtrees to be easily identified for each learner.
Using multiple dimensions allows for the presentation of
the learning content to be simplified. In this work we have
presented a model with three dimensions with concepts being
organized in a hierarchical fashion, while the additional
attributes were used to define the third dimension. This work
examined how the attribute “knowledge level” can be used
as a third dimension, with the goal to improve visualization
of defined ontology and its MCM. The OBSLO system
was demonstrated on the knowledge domain Information
management used for a Database course. Based on the results
following improvements are identified. The student usage of
the system should be further analyzed in order to use it for
collaborative ontology creation and for future improvements
of both user interfaces as well as the integration of the needed
Internet resources.

Acknowledgments

The work presented here was supported by the Ministry
of Education, Science and Technological Development of the
Republic of Serbia ref. no. 451-03-68/2022-14/200169.

References

[11 R. B. Marsteller, Making Online Learning Personal:
Evolution, Evidentiary Reasoning, and Self-Regulation
in an Online Curriculum, Ph. D. Thesis, Lehigh
University, Bethlehem, PA, USA, 2017.

[2] D. Kem, Personalised and adaptive Learning: Emerging
learning platforms in the era of digital and smart
Learning, International Journal of Social Science and
Human Research, Vol. 5, No. 2, pp. 385-391, February,
2022.

[3] A. Klasnja-Milic¢evi¢, B. Vesin, M. Ivanovi¢, Z.
Budimac, E-Learning personalization based on
hybrid recommendation strategy and learning style
identification, Computers & Education, Vol. 56, No. 3,
pp. 885-899, April, 2011.

[4] R. Azevedo, Theoretical, conceptual, methodological,
and instructional issues in research on metacognition
and self-regulated learning: A discussion, Metacognition
and Learning, Vol. 4, No. 1, pp. 87-95, April, 2009.

[5] F. Dyelil, J. M. Gilliot, S. Garlatti, P. Leray, Supporting
Self-Regulation Learning Using a Bayesian Approach,
International Joint Conference on Artificial Intelligence
1JCAI-21, Workshop Artificial Intelligence for Education
(IJCAI-21), Montreal, Canada, 2021, pp. 1-6

[6] C. Barritt, F. L. Alderman, Creating a Reusable
Learning Objects Strategy, Pfeiffer, A Wiley Imprint,
2004.

[7] S. Pal, P. K. D. Pramanik, T. Majumdar, P. Choudhury,
A semi-automatic metadata extraction model and
method for video-based e-learning contents, Education
and Information Technologies, Vol. 24, No. 6, pp. 3243-



Multidimensional Concept Map Representation of the Learning Objects Ontology Model for Personalized Learning 1053

3268, November, 2019.

[8] M. May, P. M. Hussmann, A. S. Jensen, H. Rootzén,
S. Markvorsen, K. Schmidt, K. Skarhgj, S. Enemark,
Constraints on reusability of learning objects: Didactic
aspects of modular e-Learning in Engineering
Education, CSEDU Proceedings of the Second
International Conference on Computer Supported
Education, Valencia, Spain, 2010, pp. 325-332.

[9] N. Hernandez, J. Mothe, B. Ralalason, B.
Ramamonjisoa, P. Stolf, A model to represent the
facets of learning object, Interdisciplinary Journal of
E-Learning and Learning Objects, Vol. 4, No.1, pp. 65-
82, January, 2008.

[10] M. Gaeta, F. Orciuoli, P. Ritrovato, Advanced ontology
management system for personalised e-Learning,
Knowledge-Based Systems, Vol. 22, No. 4, pp. 292-301,
May, 2009.

[11] S. Boyce, C. Pahl, Developing domain ontologies for
course content, Journal of Educational Technology and
Society, Vol. 10, No. 3, pp. 275-288, 2007.

[12] J. D. Novak, D. B. Gowin, J. B. Kahle, Learning How
to Learn, Cambridge University Press, 1984.

[13] H.-S. Chung, J.-M. Kim, Ontology design for creating
adaptive learning path in e-learning environment,
The international MultiConference of engineers and
computer scientists, Hong Kong, China, 2012, pp. 585-
588.

[14] H.-S. Huang, C.-C. Chiou, H.-K. Chiang, S.-H. Lai,
C.-Y. Huang, Y.-Y. Chou, Effects of multidimensional
concept maps on fourth graders’ learning in web-based
computer course, Computers and Education, Vol. 58,
No. 3, pp. 863-873, April, 2012.

[15] C.-C. Chiou, The effect of concept mapping on students’
learning achievements and interests, /nnovations in
Education and Teaching International, Vol. 45, No. 4,
pp- 375-387, 2008.

[16] Y. Ren, X. Jiang, A mind map teaching mode for Sports
Anatomy based on 3DBody, International Journal of
Emerging Technologies in Learning, Vol. 14, No. 10,
pp. 4-17, May, 2019.

[17] S. Park, J. S. Oliver, Revisiting the conceptualisation
of pedagogical content knowledge (PCK): PCK as a
conceptual tool to understand teachers as professionals,
Research in science Education, Vol. 38, No. 3, pp. 261-
284, May, 2008.

[18] A. . Cafias, J. Novak, Itineraries: Capturing Instructors’
Experience Using Concept Maps as Learning Object
Organizers, Concept Maps: Making Learning
Meaningful, 4th Concept Mapping Conference, Vina del
Mar, Chile, 2010, pp. 266-274.

[19] M. Li, S. Cao, Z.-Q. Qin, Creation Method and
Evolution Evaluation of Concept Knowledge Maps,
Journal of Internet Technology, Vol. 17, No. 2, pp. 179-
189, March, 2016.

[20] Q. Guo, Research on the application of mind map in
multimedia network teaching environment, Journal of
Physics: Conference Series, Vol. 1827, No. 1, pp. 1-7,
March, 2021.

[21] W. Ho, K. N. Pham, D. L. Bui, Development of a
mind map system integrating full moodle function,

International journal on advanced science, engineering
and information technology, Vol. 8, No. 4-2, pp. 1501-
1506, 2018.

[22] J. Kim, Y. H. Shinn, Ontology Design for Identifying
Instructional Strategies for an Intelligent Tutoring
System, Journal of Internet Technology, Vol. 12, No. 4,
pp. 541-552, July, 2011.

[23] S. Cvetanovi¢, M. Raspopovié¢, Design of learning
object ontology for the database course, The Third
International Conference on eLearning, Belgrade,
Serbia, 2012, pp. 108-113.

[24] J. Jovié, S. Cvetanovié, M. Raspopovié, System for
learning objects retrieval in ontology-based database
course, The Seventh International Conference on
eLearning, Belgrade, Serbia, 2016, pp. 28-32.

[25] N. F. Noy, D. L. Mcguinness, Ontology development
101: A guide to creating your first ontology, Stanford
Knowledge Systems Laboratory, Santa Clara,
California, Technical Report KSL-01-05 and Stanford
Medical Informatics Technical Report SMI-2001-0880,
March, 2001.

[26] J. Jovi¢, S. Cvetanovié, M. R. Mili¢, K. Chandra,
Authoring Tool for Ontology Development for Online
Learning, International Conference on eLearning
(eLearning-2018), Belgrade, Serbia, 2018, pp. 69-74.

[27] J. Erickson, K. Siau, Service Oriented Architecture: A
Research Review from the Software and Applications
Perspective, in: T. Halpin, J. Krogstie, E. Proper (Eds.),
Innovations in Information Systems Modeling: Methods
and Best Practices, 1GI Global, 2009.

Biographies

Jovana Jovi¢ is a PhD student in Software
Engineering and a teaching assistant at
Belgrade Metropolitan University, Serbia.
Her research is focused on the following
research areas: personalized and adaptive
eLearning based on student characteristics,
collaborative and distance learning,
machine learning, artificial intelligence,
ontologies, software engineering, object-oriented design, and
programming

Miroslava Raspopovi¢ Mili¢ is a full pro-
fessor at Belgrade Metropolitan University,
who is actively involved in researching new
technological and pedagogical methods for
different ICT platforms. Her research focus-
es on networking, performance analysis
of wireless spectrum sharing and wireless
channel modeling, adaptive eLearning,
learning analytics, web semantics, and ontology.



1054 Journal of Internet Technology Vol. 24 No. 5, September 2023

Svetlana Cvetanovi¢, associate professor at
Belgrade Metropolitan University, Serbia,
has more than 30 years of experience in
research and teaching activities in the
area of information technologies. Her
current areas of research are information
systems, methodologies and technologies in
adaptive and personalized e-learning, and
collaborative learning in social environments.




