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Abstract
Learning and teaching process for the both, learners and teachers, could be challenging
task since every learner has different cognitive preconditions. Hence every learner
should have different learning material and different learning paths in order to achieve
given learning goals. In this article was made an e-learning platform for teacher and
learners based on object-oriented approach. In the platform every learner could has
personalized learning contents based on the learners’ background. The personalized
learning contents could be achieved by different learning paths for each learner.
Object-oriented technique by unified modelling language (UML) was performed for
the modelling process of the learning platform. Afterwards the pupil performance was
analyzed after the introduction of the e-learning platform by computational intelligence
approach.
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1. Introduction
Learning process could be complex task for many learners which depend on their
cognitive preconditions. The process requires a lot of effort from many students to
achieve desired learning goals. One of the main problems could be motivation for
learning new materials and new knowledge. Also learning level could be different
for all learners which depend on their background. E-learning has potential to
improve learners’ learning motivation and to improve their cognitive abilities.
One of the most important aspects of introduction of e-learning platform in
education system is rapid increasing of information, computing and
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telecommunication technology. This leads to the different uses of the electronic
multimedia which is suitable for improving of learning process. The multimedia
tools could have high impact on education based on learners’ motivation for
learning. The learning process is becoming more user friendly in e-learning system.
On one hand the e-learning offers removing of barriers in the learning process
which means the learners could access to a course by internet connection in any
time and space. Also learning process could be monitored by teachers constantly.
Relatively little research has examined the links between pupils performances
and other influential factors. Pupil performances could be influential by several
factors. Each of the factors could have different impact on the pupil performance.
To identify which factor has the strongest impact on the pupil performance there
are need for more comprehensive investigations. So far there are several
investigations which analyze teaching quality and pupil performances.
In study [1] was assessed the extent to which nine elementary physical
education teachers implemented the quality of teaching practices where each of
the nine teachers demonstrated different quality levels in terms of the four
essential dimensions of the teaching practices. Teaching process is challenging
process due to complex and abstract nature, especially in mathematics [2]. There
is need for training and information the e-learning domain [3]. In article [4] was
reported efforts to embed quality teaching in a local urban primary school in the
north of England, under pressure from the Local Authority to raise standards
where the social realities of the Year 3 classroom, and the research evidence, all
point to recognition that official versions of ‘quality teaching’ are not enough to
improve student learning outcomes. In paper [5] was discussed the implications
of the research for classroom practice and suggests that, as creativity is a
complex, multi-faceted concept and process, the theoretical three-feature model
and related criteria evolved in the study provides a sound framework to explore
creativity within an educational context. In paper [6] was explored the challenges
facing educators in a time when modern technology, and especially modern
social technology, has an increasingly powerful hold on our lives. The
relationship between school reforms, specifically those involving the introduction
of new school types, and pupil performance was studied in article [7]. Functional
and organizational characteristics of teaching model of pupils’ research
competence formation in the context of humanitarian subject-oriented classes of
general education schools were taken into consideration in article [8] where the
research activity aimed at increasing the educational process quality in general
education school is one of the productive ways of pupils’ research competence
formation. In paper [9] was analyzed to what extent pupils value the characteristics
of the state school foodservice and identify which variables affect the degree of
pupils’ satisfaction with the quality of school meals. Findings in article [10] could
reinforce the need for research on the negative motivational pathways which link
controlling teaching to poor quality student motivation. In paper [11] were
employed techniques of multilevel modelling and geographical information
systems (GIS) to identify factors affecting pupil performance in primary education
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of Malawi. The study reveals that in some districts pupils performed much better
than others. Research [12] was aimed at improving the quality of standard four
pupils’ response in science inquiry teaching using Easy Erase Response Board
(EERB). Researchers found out that the quality of pupils’ in-class response was
very low. They also exhibited a passive attitude in answering questions in inquiry
teaching. How teaching quality impacts students’ outcomes in public and low fee
charging private schools in India was investigated in paper [13]. Factors affecting
school performance are: students’ quality, teachers’ quality (their ability and the
quality of work life) and the way they are motivated, the Principal's leadership
style, and the schools’ physical working conditions [14].Factors that increase
students' adoption of learning games have been widely studied in past; however,
the effect of these factors on learners' performance is yet to be explored. Results in
article [15] suggested that there are attitudinal factors affecting knowledge
acquisition gained by a game. Study [16] was investigated the use of general
mathematical strategies by pupils of junior high school age. Main effects were
found for cognitive level, year level, and sex. The sex effects are in contrast with
similar effects from most other mathematical studies in that girls outperformed
boys at each year level. In study [17] authors employed a multilevel analysis
procedure to examine the key pupil- and school-level factors that influenced
reading and mathematics achievement among Grade 5 primary school pupils in
Laos. From the results of the analyses, several policy suggestions have been
made to improve the facets of education that seem to be worthy of action.
E-learning web environments are increasingly being used to provide cognitive
training [18]. E-book learning platforms are increasingly used as curriculum
resources for independent reading at school and home [19]. In recent years, online
courses have emerged as a new way to educate students in distance learning
settings. However, as the demand increases, educational institutions are facing the
challenge of how to prove that online students are who they claim to be during
e-learning activities, especially exams [20]. In paper [21] was described an
experience in using e-learning platforms to support face to face instruction in
academic field. In paper [22] was described how the educational process may be
improved and students may be motivated to do homework tasks and to attend
classes in higher education and the main highlights lies in importance of using
collaborative e-learning platforms in higher education to support face to face
teaching. In paper [23] was presented a study about using e-learning platform in
university teaching process. The Moodle platform, which was proposed and
initially developed by Martin Dougiamas, improves the didactic process by helping
professors to generate and publish online content [24]. However in e-learning
platforms there are many important elements that must be taken into account:
authentication, access control, data integrity, content protection, etc. Information
security can be obtained using methods such as cryptography and network
protocols [25]. The medium of e-learning has achieved advancement in various
fields such as adaptive e-learning systems [26]. Implementation of an adaptive and
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personalized e-Learning system which is based on open source software and
technologies was propose in article [27].
Based on the previous research in this study the main aim is to make a general
framework of the e-learning platform based on different preconditions and
background of learners. Object oriented approach [28, 29] is used by unified
modelling language [UML] [30]. Object-oriented strategy could encapsulate data
and process into thing called objects. Then relationships and interactions between
the objects should be determined through UML. By this way one can visualize the
system architecture and dynamical interactions between the objects could be shown
as well. Afterwards the pupil performance is analyzed after e-learning platform
implementation by computational intelligence approach. ANFIS (Adaptive
neuro-fuzzy inference system) [31] is used to estimate which factors are the most
important for the pupil performance of mathematics based on educational software
implementation.

2. Data and Methodology
2.1. E-learning platform
E-learning process has usually two sections. One section is for communication
purposes and the second section is for learning of learning material and contents.
All of the activities need one platform in order to maintain administrative tasks of
the learning process, to document and deliver the learning material and to enable
course enrolling of the learners with different learning paths.
Each learner has different learning characteristics which depend on learning
style, background and profile. Therefore each learner should have possibility to
create his/her own learning path. It means the learning path should not be
generalized for all learners but it should be adaptable. For such a purposes there is
need to develop an information system which will support it. The information
system should have capabilities for planning of different learning paths and
monitoring of the learning progress.

2.2. Modelling of E-learning platform
Modelling of e-learning platform could be very complicated process because of
many parameters and factors. For example there are subjects and processes which
need to be identified and modelled in the system. Identification of the subjects and
processes is not easy task. One way to simplify the modelling of e-learning
platform is to model each function of the system separately and finally to merge
them. There is need to include different technical and business aspects during
modelling of e-learning platform. In other words one needs to identify which
business process needs to improve by the e-learning platform. Here in the article
the main goal is to improve educational process in education system.
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Rational unified process (RUP) [32] is implemented for the modeling process
of the platform. The RUP is based on Unified Modelling Language (UML).Figure
1 shows the RUP methodology elements.
Phases

Iterations

Disciplines

Proces
flow

Artefacts

Roles

Activity

Figure 1. RUP methodology elements
Figure 2 shoed four phases of the RUP methodology (Figure 2). The most
important phase is the first phase or inception where one need to identify
understand the system vision and requirements. In the phase one needs to identify
systems actors or users and use cases of the users.
Inception

Elaboration

Construction

Transition

Figure 2. Phased of the RUP methodology

2.3. Data and hypothesis
Data in this study is based on mathematics lecture in basic school. Statistical data
and questionnaire study is used for data generation. Data is collected during three
last school years from grade V, through grade VI and beginning of grade VII.
The main goal of the study is determination of e-learning influence of adopted
knowledge continuity in mathematics according to initial test results. Data is
divided in two groups, experimental and control group (Tables 1 and 2).
Experimental group includes e-learning while control group includes traditional
learning without e-learning. Experimental group has 28 pupils while control group
has 29 pupils. The both groups belong to the same teacher. The main aim is to
improve the method of mathematics lecture based on implementation of e-learning.
Six inputs and one output are generated from the data as follows:
• Input 1: average mark in previous scholar year (grade V) – average mark of all
subjects in one scholar year.
• Input 2: number of points on initial test (grade VI) – number of points on
initial test at beginning of school year (0-100).
• Input 3: self-valuation of learning motivation from 1 up to 10 (grade VI) –
description of pupils’ learning motivation (1 – lowest learning motivation, 10 –
highest learning motivation).
• Input 4: learning ration with education software and traditional learning
outside regular educational process (grade VI) – ratio of number of subjects with
education software (outside regular educational process) and number of subjects
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with traditional learning (outside regular educational process) – 35 subjects are
used.
• Input 5: number of points on a yearly test (grade VI) - number of points on
final test of a school year (0-100).
• Input 6: average mark in the end of a school year (grade VI) – average mark of
all subjects during one school year (1-5).
• Output: number of points on initial test in the next school year (grade VII) –
number of points on initial test at beginning of school year (0-100).
Table 1. Experimental group – educational software included in learning process
Input 1
3.75
4.07
2.93
4.83
2.25
5
1.75
2.45
3.5
4.67
4
4.33
4.75
3.33
2.43
3
4
2
2.43
3.84
3.24
4.5
3.2
2.95
3.17
2.15
2.47
3.33

Input 2
54
67
41
75
37
83
32
44
51
72
70
69
81
59
42
45
72
41
46
66
65
73
50
47
47
38
37
52

Input 3
8
8
7
9
7
9
7
8
9
9
9
8
10
8
8
7
8
8
7
9
10
8
7
7
9
8
7
8

Input 4
3.29
2.75
2.75
5
2.33
5
2
2.33
2.75
4
5
3.29
4
3.29
2.75
2.33
3.29
2.75
2
3.29
2.75
4
4
3.29
2.75
2.33
2.75
3.29

Input 5
68
76
48
84
44
91
40
47
61
83
80
83
89
68
50
51
78
50
49
81
76
84
62
59
61
48
47
61

Input 6
3.95
4.13
3
4.92
2.33
5
2
2.5
3.5
4.83
4.07
4.5
4.92
3.33
2.5
3
4.13
2.33
2.5
4
3.33
4.75
3.4
3
3.33
2.33
2.64
3.53

Output
70
75
50
84
43
92
41
44
60
84
79
85
86
70
52
50
77
55
50
80
75
82
63
59
60
50
45
60

Table 2. Control group – traditional learning process without educational software
Input 1
4.63
3.85
3.34
4.13
2.47
3.84
3.5
4
4.75
2.43
2.43
3.84
2.95
2.47
3.33

DOI: 10.33969/JIEC.2020.21002

17

Input 2
72
55
54
60
41
55
49
67
79
39
41
67
51
42
60

Input 3
8
6
5
7
4
6
6
5
7
4
5
6
5
4
7

Input 4
0.36
0.3
0.11
0.25
0.15
0.3
0.2
0.3
0.25
0.11
0.07
0.25
0.42
0.11
0.15

Input 5
81
64
61
71
49
63
62
72
79
46
45
73
54
48
62

Input 6
4.53
3.85
3.33
4.07
2.5
3.75
3.64
4.07
4.64
2.5
2.33
3.84
2.64
2.33
3.43

Output
73
57
56
67
45
56
55
68
78
39
40
68
52
47
59
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5
4.05
4.58
3.67
2.13
1.83
2
4.92
4.43
3
3.33
2.5
2.45
3.17

88
71
72
64
36
38
33
81
72
49
53
42
42
51

9
6
6
7
4
3
4
7
8
6
5
5
4
6

0.36
0.3
0.25
0.11
0.03
0
0.07
0.42
0.42
0.2
0.25
0.15
0.11
0.11

90
78
79
68
43
41
41
89
79
56
59
48
49
55

5
4
4.64
3.54
2.2
1.64
2
4.83
4.33
3.07
3.43
2.43
2.5
3.07

82
70
76
64
40
38
36
81
71
48
51
47
46
47

One main hypothesis and two additional hypothesis are generated based on
literature overview [33, 34, 35, 36, 37] and according to the current state of the
educational process:
• Main hypothesis of the study: The adopted knowledge with e-learning has
more continuity.
• Additional hypothesis 1: There is more motivation for learning with
e-learning.
• Additional hypothesis 2: Pupils could be easily adapted to innovations in
lecture.

2.4. Computational Intelligence
In this study adaptive neuro-fuzzy inference system (ANFIS) is used as the
computational intelligence technique for the data evaluation. The methodology is
capable to handle highly nonlinear data which are prone to errors. The ANFIS
model represents an artificial neural network model merged with fuzzy inference
system. The model has five layers. Each of the layer has different task during
computational process. In the beginning of the process, the data samples with input
and output variables are attached to the ANFIS model. The ANFIS are then trained
by training algorithm in order to learn the knowledge from the attached data. When
the ANFIS model are trained, the trained model could be used to make prediction
for the unknown input variable or to rank of the input variables based on their
influence on the output variable. As the main indicator for the ranking procedure
root means square error (RMSE) is used.

4. Results
4.1. E-learning Platform Architecture
Almost every activity needs some kind of planning process. The planning process
should improve the activity flow in order to reach the goal faster and easier than
traditional process without planning. The same things happen also in learning
process. Without learning planning it is more difficult to reach the learning
objectives. Therefore in this study the e-learning model has the capability for
planning learning paths for every learner.
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Based on the RUP methodology there is needed to identify the users of the
e-learning system. The users could be divided in two main groups:
• Students,
• Teacher,
Each student should have individual username and password in order to access
to the system. Teacher should perform main tasks and additional tasks. The
additional tasks are important for stable operation of the e-learning system. For
example teacher needs to maintain the system and learning materials to be relevant.
The use case diagram of the e-learning system is shown in Figure 4. As can be seen
students and teacher have several interactions through use cases. First of all the
students could learn some new material by the system after logging. Teacher could
only perform teaching and administrative processes which is presented as two
separated use cases. These main use cases will be analyzed in more details.

Figure 3. Main use case diagram of the e-learning system
•

Software administration
Figure 4 shows use case diagram for software administration. There are two use
cases in the diagram. The first use case is software maintaining and the second use
case is learning material maintaining.

Figure 4. Use case diagram – Software administration
• Learning
Figure 5 shows use case diagram for learning process. There are six use cases in
the diagram which should be achieved through the learning process by students and
teacher. Students are responsible to input initial background, to input learning goals
and to enroll and to execute a course. In order to achieve the tasks students need to
login in the system before all. Finally students could add changes in the course
based on their preconditions and preferences. Teacher is only responsible for
course executing and to add potential changes in the course if students require it.
Figure 6 shows the activity diagrams for activities flow of the learning process. As
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can be seen students have possibility to suggest new changes to be added in the
learning process. The adding changes in learning process are not mandatory task.

Figure 5. Use case diagram – Learning

Figure 6. Activity diagram – Learning
Teaching
Figure 7 shows use case diagram for teaching process. There are eight use cases
in the diagram which should be achieved through the teaching process by students
•
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and teacher. Teachers are responsible for course building and for monitoring of
course execution. Course building use case has several separated activities. For
example teacher needs to plan the course, to plan algorithms for the course, to plan
learning paths, to upload the learning paths and to visualize the learning paths.
Afterwards teacher could update the learning paths for each student but it depend if
students require the changes or not. Figure 8 shows the activity diagrams for
activities flow of the teaching process.

Figure 7. Use case diagram: Teaching

Figure 8. Activity diagram – Teaching.
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3.2. Neuro-fuzzy Results
In the beginning the ANFIS model is trained for single inputs in order to rank the
inputs impact on the given output for the both datasets separately. The inputs
RMSE values based on their influence on the output for the experimental group are
given below:
•
•
•
•
•
•

Input 1: RMSE training=4.7398, RMSE
checking=5.2702
Input 2: RMSE training=2.5250, RMSE
checking=4.7040
Input 3: RMSE training=8.2253, RMSE
checking=15.1061
Input 4: RMSE training=8.4628, RMSE
checking=9.2799
Input 5: RMSE training=1.2257, RMSE
checking=2.5282
Input 6: RMSE training=4.7260, RMSE
checking=5.0582

As can be seen the input variable 5 (number of points on a yearly test (grade VI))
represents the most influential variable for the output parameter since the RMSE is
minimal for the given input variable. It means the number of points on a yearly test
in grade VI could has highest influence on the number of points on initial test in
the grade VII for experimental group where educational software is included.
Furthermore if two input variables are combined for the experimental group the
following combination of the variables represent the most influential combination
on the given output:
•
•
•
•
•
•
•
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Input 1 Input 2: RMSE training=0.9623, RMSE
checking=7.8897
Input 1 Input 3: RMSE training=1.6094, RMSE
checking=17.7283
Input 1 Input 4: RMSE training=2.4268, RMSE
checking=101.6337
Input 1 Input 5: RMSE training=0.3062, RMSE
checking=4.1655
Input 1 Input 6: RMSE training=2.9324, RMSE
checking=11.3145
Input 2 Input 3: RMSE training=1.3094, RMSE
checking=6.4513
Input 2 Input 4: RMSE training=0.6118, RMSE
checking=31.1756
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•

Input 2 Input 5: RMSE training=0.8521, RMSE
checking=3.9184
• Input 2 Input 6: RMSE training=1.0945, RMSE
checking=8.9653
• Input 3 Input 4: RMSE training=2.3564, RMSE
checking=15.2188
• Input 3 Input 5: RMSE training=0.8504, RMSE
checking=9.8933
• Input 3 Input 6: RMSE training=1.4276, RMSE
checking=13.5554
• Input 4 Input 5: RMSE training=0.5499, RMSE
checking=10.5291
• Input 4 Input 6: RMSE training=3.3598, RMSE
checking=79.1869
• Input 5 Input 6: RMSE training=0.3857, RMSE
checking=3.2565
As can be seen the combination of input variables 1 and 5 (average mark in
previous scholar year (grade V) and number of points on a yearly test (grade VI))
represents the most influential variable for the output parameter since the RMSE is
minimal for the given combination. It means the average mark in grade V and
number of points on a yearly test in grade VI could has highest influence on the
number of points on initial test in the grade VII for experimental group where
educational software is included.
The inputs RMSE values based on their influence on the output for the control
group are given below:
•
•
•
•
•
•

Input 1: RMSE training=2.7029, RMSE
checking=4.1556
Input 2: RMSE training=2.3939, RMSE
checking=3.1989
Input 3: RMSE training=7.7483, RMSE
checking=8.6403
Input 4: RMSE training=8.9772, RMSE
checking=8.7332
Input 5: RMSE training=2.2684, RMSE
checking=2.0222
Input 6: RMSE training=3.2751, RMSE
checking=4.1210

As can be seen the input variable 5 (number of points on a yearly test (grade VI))
represents the most influential variable for the output parameter since the RMSE is
minimal for the given input variable. It means the number of points on a yearly test
in grade VI could has highest influence on the number of points on initial test in
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the grade VII for control group where educational software is not included.
Furthermore if two input variables are combined for the control group the
following combination of the variables represent the most influential combination
on the given output:
• Input 1 Input 2: RMSE training=1.2998, RMSE
checking=23.2562
• Input 1 Input 3: RMSE training=1.6405, RMSE
checking=6.6172
• Input 1 Input 4: RMSE training=1.8749, RMSE
checking=6.2319
• Input 1 Input 5: RMSE training=1.3697, RMSE
checking=2.3510
• Input 1 Input 6: RMSE training=2.0556, RMSE
checking=6.8113
• Input 2 Input 3: RMSE training=1.7125, RMSE
checking=21.8479
• Input 2 Input 4: RMSE training=1.7029, RMSE
checking=7.4871
• Input 2 Input 5: RMSE training=1.1756, RMSE
checking=8.7239
• Input 2 Input 6: RMSE training=1.3704, RMSE
checking=6.9615
• Input 3 Input 4: RMSE training=1.5706, RMSE
checking=39.6118
• Input 3 Input 5: RMSE training=0.6979, RMSE
checking=19.6465
• Input 3 Input 6: RMSE training=0.7022, RMSE
checking=51.9284
• Input 4 Input 5: RMSE training=0.4713, RMSE
checking=7.6132
• Input 4 Input 6: RMSE training=1.4699, RMSE
checking=7.7761
• Input 5 Input 6: RMSE training=0.8823, RMSE
checking=1.6264
As can be seen the combination of input variables 4 and 5 (learning ration with
education software and traditional learning outside regular educational process
(grade VI) and number of points on a yearly test (grade VI)) represents the most
influential variable for the output parameter since the RMSE is minimal for the
given combination. It means the learning ration with education software and
traditional learning outside regular educational process in grade VI and number of
points on a yearly test in grade VI could has highest influence on the number of
points on initial test in the grade VII for control group where educational software
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is not included.
4. Conclusion
Unified modelling language (UML) was used as tool for the modelling purpose of
the system. UML is suitable for the modeling process since the system is visualized
and graphically presented for easy understanding of the process in the system. The
main advantage of the e-learning system is its adaptability based on learners’
preferences and background. In other words every learner could have different
learning paths and accordingly different learning material.
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