It does not mean changing the Annual Programs, but their innovation and adaptation in certain
teaching subjects, through the organization of activities in regular teaching and extracurricular
subjects. The following are highlighted as benefits that teachers, students and all stakeholders
will gain:
- improvement of motivation due to the introduction of quality competencies based on learn-
ing and teaching
- encouraging cooperation by creating a common point of interest that provides an oppor-
tunity to exchange experiences and work methods
- strengthening of self-confidence, self-esteem, competencies and valued for the labor mar-
ket. Other aspects related to this way of working are the development of innovative and
creative learning experiences; consistency between education provided in schools and stu-
dent competencies expected by industry, and promotion of collaboration between schools
and industry.
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THE IMPACT OF INTELLIGENT LEARNING MANAGEMENT SYSTEMS
IN IMPROVING EDUCATIONAL PROCESSES

Abstract: The aim of this paper is to promote ideas for involving a wider use of intelligent
e-learning systems in educational processes and highlight their benefits. We analyze the use of
current most popular Learning Management Systems, in particular amplified due to the impact
of Covid-19 global pandemic. We discuss on their advantages and disadvantages, accompanied
by conclusions upon the topic. The main objective is to provide recommendations for overcom-
ing the detected weaknesses in order to benefit the learning processes. We suggest a use of in-
telligent e-learning systems that include item response theory within. That would personalize
the learning process deeper and adjust the content material to the students’ personal abilities and
their current level of knowledge. Such systems — when carefully created and designed, provide
specific personalized student feedback and support the functional knowledge that students gain
throughout the learning process. Additional outcome is the adaptation of the corresponding ideas
for students with special needs, which would improve their integration into educational process-
es. The last conclusion is that intelligent e-learning systems can be used for multilevel purpos-
es. The gathered data can be very useful for analyses on various parameters (common students’
gaps in acquired knowledge, time management in mastering topics, etc.). All this would lead to
curriculum improvements as well as proof oriented based education reforms.

Keywords: E-learning systems, Item response theory, Testing, Educational reforms
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E-learning Systems

Nowadays, the usage of e-learning software in educational processes increases exponential-
ly worldwide, due to innovations in teaching caused by the rapid development of web technol-
ogies and also the influence that COVID-19 pandemic had made at all the levels of education
on the globe. As a consequence, the mode of delivering education have been transformed revo-
lutionary: the traditional concept of formal face-to-face teaching and learning is no more com-
plete nor enough. E-learning systems are educational platforms that enable the use of technology
and multimedia to deliver a learning experience electronically — usually through a network. The
common technologies that facilitate the provision of courses online are broadly termed “Learn-
ing Management Systems” or “LMSs.” Learning management systems are web-based software
platforms that provide an interactive online learning environment and automate the administra-
tion, organization, delivery, and reporting of educational content and learner outcomes (Tumbull
et al, 2019). Originally, they have been developed and designed to facilitate the learning pro-
cesses in higher education as licensed software like Blackboard and Canvas or an open source
solution like Moodle. The open-source systems were initially used by universities and colleges,
since they could easily download the source code, adapt it to their own needs, and build their
own LMS solution, according to their environment and circumstances. The most popular open-
source LMS that is used today globally is Moodle, with almost 100,000 registered sites in 229
countries (Tumbull et al, 2019), not counting the last couple of COVID 19 pandemic years, that
had significantly increased the statistics above. Consequently, the usage of LMSs has widely ex-
panded at all the levels of education, primary, high and higher, making them an essential tool for
the success of any (online or on site) delivered course. They facilitate greatly learning activities
allowing rapid creation and distribution of course content. The features of LMSs are numerous,
starting from Course Management that enables timely relevant deliver course material to the stu-
dents enrolled, including features for content management, delivery control and class schedul-
ing. Furthermore, they include completely designed tools for Assessments, Tracking Progress.
Gradebook, Communication Tools, Multimedia, etc.

Due to expansion of new technologies and also the need of evolving more student-focused
teaching methods, the LMS of the near future is becoming more than a helpful administrative
tool, having much more essential role than a facilitator in the learning process. In that light, our
work is focused on we might say, the most critical function of LMSs, that is — assignments and
testing, i.e. students’ feedback on the acquired knowledge. A standard LMS supports the collec-
tion and storage of various assessment tasks for students, accompanied by teachers’ grades and
feedback for each student. Such tasks include assignments, tests, projects, etc., while the LMS
provides to students with real-time information on their progress in a course along with relevant
feedback usually generated by the teacher.

Upon our personal experience based on the usage of Moodle, and the research we have made
on the assignment tasks in the testing part, we conclude that a common LMS supports various
kinds of tests (mostly organized as quizzes), where the teacher can include different types of ques-
tions (multiple choice, true/false, fill in the blank, essay questions, etc.) The teacher chooses the
topics included in each test, and also creates the grading and the scoring part, that can be made
automatically (by linear scoring), and/or by the teacher, via the system. No matter the question
or category level, each test can be set up to provide real-time feedback for the student upon his
answer. The feedback output is usually given in the form correct/incorrect answer, providing to
students the correct final answer, or as a personalized feedback that the teacher shall made by his
own and assign it on the system. In our opinion, this kind of classical testing does not include a
deeper personal feedback upon students’ ability in general. and moreover, does not indicate it in-
teractively, in a continuous manner. Without minimizing the great impact of classical testing the-
ory included in the LMSs assignment features, we might say that, even a high rated LMS is not
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designed to be automatically personalized according to students’ current level of knowledge and
needs, nor to profoundly detect their common gaps.

In order to reach more specific goals on students’ personal feedback and get more accurate
information on students’ level of understanding as well as on the time needed for mastering var-
ious topics within the curricula, we might consider the option to include a use of so called intel-
ligent e-learning systems in the learning process. An amount of resent research in e-learning is
related to the use of intelligent e-learning systems, which have the ability to automatically adjust
to students’ capabilities (Jando et al., 2017). For example, intelligent tutoring systems (ITS) are
specialized e-learning systems that incorporate forms of adaptive learning, customized content,
and/or personalized feedback, using factors such as: student’s style, current level of knowledge
and skills, emotional stage, etc. Such systems can generate personalized learning suggestions,
tasks or help/feedback dynamically, based on the needs of each student, even without an inter-
vention from a teacher. Most e-learning systems offer tutorials, videos, quizzes or tasks with au-
tomated grading, and contain useful information about the student’s activity. This data can be
collected, processed, analyzed, and visualized in order to help students, teachers or administrators
to handle the learning process more effectively, or to trigger warnings in case of lack of activity
or progress. In continuation, we mention some programs of this type, developed in Macedonia.

MENDO (Kostadinov et al., 2010). is an e-learning system (a kind of an ITS) which is used
for teaching programming and organizing competitions in informatics. In Macedonia, the sys-
tem has been used during the organization of all national competitions in informatics since 2010,
as well as several (Junior) Balkan Olympiads in Informatics. As of 2022, the system has more
than 16000 registered users who have submitted more than 530000 solutions (both during com-
petitions, and in the learning processes) on 1000+ tasks. More than 40 specialized learning ma-
terials are available on the system, containing text, images, animations and interactive tools. In
addition, the system contains several other modules, including a forum, wiki, user management
section, and more. One of the main features of the system is its ability to automatically grade
solutions and to offer appropriate feedback. In most cases, the system is able to catch common
mistakes and to present them to the user. The system allows several modes of grading the output,
including testing for exact matches, equality (2 = 2.000), special/custom graders, interactivity,
etc., and also executing custom tests where the users can provide their own input. The system is
developed with Java, and currently runs on a Linux machine (note: previously, the system was
running on Windows) — therefore, in practice, it supports both.

Beaver/Bebras (Kostadinov et al., 2015) is a popular international challenge which aims to
promote Computer Science and computational thinking among school pupils from both primary
and secondary schools. In Macedonia, a custom system is developed specifically for the Beaver
challenge and it used to organize and participate in the event. During the Beaver week, students
connect to the system by simply typing an url pointing to the website where the system is run-
ning, and by entering their name and a school code (obtained previously via their teachers). The
system handles everything else, including presenting their tasks, grading, sending certificate to
both schools, teachers and students, and more. The Macedonian system for organizing the Bea-
ver event supports two languages (Macedonian and Albanian), as well as several different types
of tasks. For several years, Macedonia was one of the top countries by number of participants
(relative to the size of the population).

The Hero app (Kostadinov et al., 2018) is a software application that monitors, stores and vi-
sualizes data from other e-learning systems, and which is currently used by several organizers
and contestants in Macedonia to prepare for competitions, as well as to monitor homework prog-
ress by several teachers that use the MENDO system with their students.

The aim of this paper is to promote the idea of considering an opportunity for creating intel-
ligent e-learning system based on Item Response Theory (IRS) that would be gradually involved
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in educational processes. We discuss its advantages not only for the testing part and the specified
personal feedback included, but also for more interactive and individual class delivery, which
combined with the teachers’ presence, would imply higher level of students’ engagement, atten-
tion and retention. Consequently, we can expect better performance in studying and understand-
ing the material as well as applying the obtained knowledge. Moreover, the use of such kind of
system would provide a profound inside in the possible gaps in students’ knowledge, as well as
an input for the estimated time needed for students to understand various topics and accordingly
apply them, and thus gaining functional knowledge within the curricula provided.

Intelligent E-learning Systems Based on Item Response Theory

Distinguishing between students on their abilities has always been a hard task. The most com-
mon method that we are all familiar with is the classical testing method. Unfortunately classi-
cal testing methods and measurement procedures have a number of shortcomings. For example,
student characteristics and test characteristics cannot be separated. They can only be interpreted
in the contexts within. In the classical test theory, ability is expressed by the true score, defining
student’s ability only in terms of a particular test. When the test is hard, the student will appear to
have low ability; when the test is easy, the student will appear to have higher ability. The difficulty
of a test item is defined as the proportion of students in a group who answer the item correctly. In
other words, we might say that whether an item is hard or easy depends on the ability of the stu-
dents being measured, and the ability of the students depends on whether the test items are hard
or easy. Furthermore, it is difficult to compare students who take different tests, but this is actu-
ally true even if the students take the same tests. When the students are of different ability, their
test scores contain different amounts of error. As example, consider a student who obtains a score
of zero. This will tell us that the students ability is low, but we have no information about exactly
how low. Hence, this student can not be compared with another student who obtains a zero score
on the same test. Moreover, consider two students who perform at the 50% level on two tests
that differ substantially in difficulty. These students cannot be considered equivalent in ability.

In order to overcome the shortcomings above, an alternative more accurate test theory that
would be more accurate, shall include:

- item characteristics that are not group-dependent,

- scores describing student proficiency that are not test-dependent.

- amodel that is expressed at the item level rather than at the test level,

- amodel that does not require strictly parallel tests for assessing reliability,

- amodel that provides a measure of precision for each ability score.

A good solution might be a testing model based item response theory (IRT). This theory in-
corporates two basic principles:

1. The performance of a student on a test item can be explained by a set of factors called
abilities.

2. The relationship between students’ item performance and the set of abilities underlying
item performance can be described by a monotonically increasing function called an item char-
acteristic function or item characteristic curve (ICC). This function specifies that as the level of
the trait increases, the probability of a correct response to an item increases.

Figure 1 shows an ICC for the case when only one trait underlines performance on the item,
together with distributions of ability for two groups of students. Observe that students with high-
er values on the trait have higher probabilities of answering the item correctly than do students
with lower values on the trait, regardless of group membership.

The IRT model provides several desirable features: Student ability estimates are not test de-
pendent, and item indices are not group-dependent. Ability estimates obtained from different sets
of items will be the same, and item parameter estimates obtained in different groups of students
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Figure 1

will be the same. In item response theory, item and ability parameters are said to be invariant.
The property of invariance of item and ability parameters is obtained by incorporating informa-
tion about the items into the ability-estimation process and by incorporating information about the
students’ abilities into the item-parameter-estimation process. The invariance of item parameters
is illustrated in Figure 1, which shows distributions of ability for two groups of students (group 1
and group 2). Note that students of the same ability have the same probability of giving a correct
response to the item, regardless of the group belonging. Since the probability of success for a stu-
dent with given ability is determined by the item’s parameters, the item parameters must also be
the same for both groups. In addition, IRT model provides standard errors for individual ability es-
timates, rather than a single estimate of error for all students, as is the case in classical test theory.

An item characteristic function or item characteristic curve (ICC) is a mathematical expres-
sion that relates the probability of giving a correct response on an item to the ability measured by
the test and the characteristics of the item. Technically, it is possible to construct an infinite num-
ber or IRT models, but only few models are useful. The three most popular uni-dimensional IRT
models are the one, two, and three parameter logistic models. The one-parameter logistic model
is one of the most widely used IRT models. Item characteristic curves for the one-parameter lo-
gistic model are given by the following equation
1
1+e-(c-b)
where: P,(o) is the probability that a randomly chosen student with ability o, answers the item i
correctly; and b, is the item i difficulty parameter. The b, parameter for an item is the point on the
ability scale where the probability of a correct response is 0.5. This parameter is a location param-
eter, indicating the position of the ICC in relation to the ability scale. The greater the value of the
parameter, the greater the ability that is required for a student to have a 50% chance of getting the
item right; hence, the harder the item. Difficult items are located to the right or the higher end of
the ability scale; easy items are located to the left or the lower end of the ability scale. When the
ability values of a group are transformed to 0 and their standard deviation is 1, the values of b,
vary (typically) from about -2.0 to +2.0. Values of b, near -2.0 correspond to items that are very
easy, and values of b, near 2.0 correspond to items that are very difficult. For deeper reading on
IRT models, see (Hambleton et al., 1991).

It is important to note that the property of invariance of item and ability parameters is the
cornerstone of IRT and its major distinction from classical test theory: The parameters that char-
acterize an item do not depend on the ability distribution of the students and the parameter that
characterizes a student does not depend on the set of test items. We believe that such kind of more

P(0) =
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accurate and proper method of testing is needed in order to modify deeply the learning process
and to improve students’ engagement and performances. The use of an intelligent e-learning sys-
tem based on IRT would be a good option.

We have postulated that an interactive learning platform which requires more activity and de-
tention can improve students’ ability. A week-long experiment was carried on a group of 236 stu-
dents (Kostadinov and Stojmenovska, 2022). The experimental group consisted of 129 students
— that were using a newly created e-learning system based on IRT. For more details see (Kost-
adinov and Stojmenovska, 2022). The control group consisted of 107 students — that were us-
ing standard web platform and classical testing methods. Both groups of students were offered a
web application with tests and study materials (we have chosen them to be related to mathemat-
ics). The outcome is that students that have used the new system spent 31% more time studying.
At the end of the survey, a real, regular math test was made to both groups. The experimental
group showed better results than the control group, having around of 15% better score. A sur-
vey was made in order to find out whether the students would like to use the system with other
subjects. The students were asked to give a mark from 1 to 5 indicating strong disagreement to
strong agreement. The experimental interactive learning group scored 4.1 compared to the con-
trol group that scored 3.3 (Figure 2). The conclusion is that students are more willing to use the
new interactive learning platform; They were paying much more attention to the new program
and found the whole platform engaging and interesting.

Figure 2

Our next research step is to continue testing the system, upgrade it, amplify its usage, and
consequently get accurate feedback. All this would be done in a continuous manner, slowly in-
creasing the complexity and incorporating it gradually.

The main idea is to design a system that would allow students to improve their abilities as
much as possible, and learn continuously through each testing process. Since a system based on
IRT is a testing platform that can measure this improvements reliably, it can be integrated into a
program, and thus we can accurately track the improvements of the students’ ability at each step.
In order to make the system up to date and inspiring for students, we are now considering an op-
tion to present some kind of regard at each step of students’ way along the testing. One of the ap-
proaches would be to simulate a kind of a gaming process while testing. That would require from
students to pass through various levels and then go further. All this might be accompanied with
a reward obtained — once a student passes the corresponding level. Rewards can be of different
kinds: Starting from students’ favorite virtual character jumping out in a pop-up window and con-
gratulating the completed level (for younger pupils), via some badge scoring or other multime-
dia rewards (for older pupils). Basically, we believe that any carefully designed reward system
common for gaming, but paying a huge attention to be suitable for the learning process, could
be simulated and/or implemented accordingly. This approach would create an additional interest
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and motivation for students involved in all the stages of educational processes, since it stays in
accordance with their current interests in the modern digital society they live in.

Results and Discussion

Creating an intelligent e-learning system based on Item Response Theory (IRT) would per-
sonalize the learning process deeper and adjust the content material to students’ personal abili-
ties and current level of knowledge. These systems include assignments where each student gets
questions (items) upon his current knowledge, accompanied by additional interactive instruc-
tions after answering. In particular, the use of such systems would lead to the following advan-
tages in the learning process:

- Increased interactivity — instructions can be combined with interactive assessments in or-
der to guide the student towards correct answers and thus continuously evaluate and im-
prove his knowledge;

- Decreased chances for cheating the system and copying — the system might give a dif-
ferent question to each student depending on the previous answer, no matter the eventual
matching in the answers;

- There are offered more personalization features for students — each completed level with-
in a topic can benefit the student by earning virtual regard, a badge, or other multimedia
reward close to his interests;

- Increased motivation and retention of students — they acquire more knowledge by their
own rhythm (but still within a predicted deadline by the teacher);

- Assignment/test scoring does not have to be linear — it can be designed to depend on the
particular answer the student has offered;

- The collected data from systems based on IRT provides a deep and accurate picture on the
gap of knowledge at various levels within the curricula, and clearly leads to its improve-
ment on different parameters (detects the real-time students’ struggle and detention, points
out an estimated time management for some topics, and much more).

Based on the experiment presented (Kostadinov and Stojmenovska, 2022), we already got an
indication that students have showed improved attention and results of using interactive programs
based on IRT. We propose to build on and amplify the idea further on, allowing students to de-
velop their abilities to the upper limits, while learning continuously though each testing process.
The IRT testing program can be integrated into platforms, and moreover, these modules can be
integrated into a LMS, making its assignment feature much more advanced, interactive, reliable
and accurate. A main disadvantage of the systems based on IRT is that the tests creation requires
larger database of test items. (Thus could be solved with a team work on the system, for exam-
ple). Also, as a disadvantage might be considered the fact that the system requires activity from
a larger number of students in order to get more valid and accurate results. However, we believe
that the common acceptance of these systems in learning processes combined with their wide us-
age in the future will make it overcome.

Conclusion

Being education one of the main pillars in each society, it needs to be carefully designed and
delivered, as well as accepted by pupils and students in the best possible manner. Besides excel-
lent teachers and professors that is an imperative, the individual approach in the course deliv-
ery as well as getting the content closer to learners by using modern technologies and up to date
media, can significantly facilitate learning processes at all the educational levels, and according-
ly provide better learning outcomes. Intelligent e-learning systems can by no means replace the
standard face-to-face teaching models, but they can successfully support them at various levels.
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Classical teaching methods combined with a usage of an item response theory testing method in-
cluded within an intelligent e-leaning system would made significant impact on improving the
educational processes. When carefully created and designed, the usage of such systems would
increase students” motivation, provide specific personalized feedback and support the functional
knowledge that all the students are gaining throughout the learning process. These systems might
be even incorporated in platforms as LMS, or can be used in a separate mode. E-learning systems
based on IRT are focused on the testing process at first look, however, they play a significant role
in the course delivery as well — in a deductive individual manner, adjusting to the needs of each
student. They can be designed by using various technologies, in a way to be utilized and modi-
fied depending within different contents, and thus the positive impact of their usage could have
multilevel dimensions: Additional outcome is their possible adaptation for use by students with
special needs, which would be a significant booster for their successful integration into educa-
tional processes. Furthermore, the gathered data can be very useful for deep analyses on various
parameters (common students’ gaps in acquired knowledge, time management in mastering top-
ics, etc.). Such reliable outcomes would clearly lead to curriculum improvements and moreover,
to proof based oriented education reforms.

References

Kostadinov, B., Jovanov, M. Stankov, E. (2010). A new design of a system for contest management and grad-
ing in informatics competitions. Olympiads in Informatics, 2010.

Kostadinov, B., Jovanov, M., Stankov, E., Mihova, M. and Risteska Stojkoska, B. (2015). Different approach-
es for making the initial selection of talented students in programming competitions. Olympiads in In-
formatics, 2015.

Kostadinov, B., Jovanov, M. and Stankov, E. (2018). Platform for analysing and encouraging student activity
on contest and e-learning systems. Olympiads in Informatics, 2018.

Jando, E., Achmad N. H., Harjanto P., Harco L. H. S. W. (2017). Personalized E-Learning model: A system-
atic literature review. IEEE- International Conference on Information Management and Technology (ICIM-
Tech), 238-243.

Kostadinov, B., Stojmenovska I. (2022). Creating a distributed, privacy-aware e-learning system based on
item response theory. In: 19th International Conference on Informatics and Information Technologies. CIIT
2022 Web proceedings (to appear).

Tumbull D., Chugh R., Luck J. (2019). Encyclopedia of Education and Information Technologies,
Crown, A. Tatnall (ed.), 2-7. Retrieved May, 1%, 2022,https://www.academia.edu/40201003/
LearningManagement_Systems_An_Overview.

Hambleton, R. K., Swaminathan, H., & Rogers, H. J. (1991). Fundamentals of item response theory (Vol. 2).
Sage Publications.

TANCIC Nata3a

University of Novi Sad, Faculty of Philosophy, Department of Pedagogy Serbia
PAVLOVIC Aleksandra

University of Novi Sad, Faculty of Philosophy, Department of Pedagogy Serbia

INCLUSIVE CULTURE AS A PEDAGOGICAL DIMENSION OF
SUCCESSFUL EDUCATIONAL INCLUSION
Abstract: Educational inclusion, understood as a philosophy, aims to promote access to edu-
cation for all children, as well as strategies that should contribute to the promotion of an inclusive

society. The paper, starting from emphasizing the importance of inclusive pedagogy” and the wel-
fare of the child, points out the importance of inclusive culture as a key dimension in achieving
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