August 7, 2026 e Marseille, French Republic I

SECTION 16.
INFORMATION TECHNOLOGIES AND SYSTEMS

Safarov Nijat Tural
Student
Khoshbakht Yusifzadeh Secondary School No. 112. Baku, Azerbaijan

COMPARATIVE ANALYSIS OF THE APPLICATION OF
INFORMATION AND COMMUNICATION
TECHNOLOGIES IN EDUCATION IN TERMS OF
EFFECTIVENESS AND EFFICIENCY

Abstract. The article has conducted a comparative analysis of the application of information and
communication technologies (ICT) in the education system in terms of effectiveness and efficiency.

Within the framework of the analysis, the main advantages and limitations of the integration of
ICT into the educational process have been systematized, the impact of digital technologies on the
quality of training, academic achievements of students, the effectiveness of teacher activity and
the accessibility of education has been evaluated from a scientific and theoretical perspective. At
the same time, the theoretical approaches of scientists, as well as the positions of UNESCO and
OECD on modern education policy, have been analyzed in a comparative manner. The study
shows that the impact of ICT on the educational process depends not only on its application as a
technical tool, but also on its methodologically justified and systematic integration in accordance
with pedagogical goals. The article also identifies the impact of factors such as digital inequality,

digital competencies of teachers, academic integrity, cybersecurity and technical infrastructure
on the effective application of ICT. Ultimately, the success of digital transformation in education
depends on modern technologies, as well as professional teacher training, quality digital teaching
resources, continuous assessment mechanisms, and the implementation of targeted education
policies.

Introduction

In the modern era, the rapid development of digital technologies has led to
radical changes in the education system, as well as in all areas of society. The
integration of information and communication technologies (ICT) into the
educational process is of great importance in terms of improving the quality of
education, increasing the efficiency of training, strengthening interactive
cooperation between teachers and learners, as well as expanding personalized
learning opportunities. Since modern educational approaches are aimed not only at
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the transfer of knowledge, but also at its creation, application and sharing, ICT acts
as one of the main supporting tools of this process [1, pp. 3489-3506].

In the context of globalization and digitalization, electronic education
platforms, distance learning systems, virtual classrooms, cloud technologies,
artificial intelligence-based teaching tools and other digital resources have become
an integral part of the educational process. These technologies not only expand the
opportunities for students to obtain information, but also make a significant
contribution to the development of 21st century skills such as critical thinking,
problem solving, communication and digital literacy. In addition, the creation of
appropriate technical infrastructure for the effective application of ICT in the
educational process, the development of teachers' digital competencies and the
application of modern pedagogical approaches are of particular importance
[2, pp. 25-28].

Research conducted in various countries in recent years has shown that the
purposeful and pedagogically justified use of information and communication
technologies has a positive effect on the improvement of students' academic
achievements, increased motivation and increased activity in the learning process.
However, problems such as digital inequality, cybersecurity, teacher training and
effective use of technology remain relevant when integrating technologies into the
educational process.

The main purpose of the presented article is to analyze the application
directions of information and communication technologies in education, their
impact on the learning process and their effectiveness based on scientific and
theoretical approaches, to identify existing advantages and problems, as well as to
put forward scientifically substantiated conclusions and recommendations for
increasing the effective use of ICT in the educational process. The article
comprehensively examines the role of ICT in improving the quality of education,
taking into account both international experience and modern scientific approaches.

1. Advantages and limitations of the application of information and
communication technologies in education

The integration of information and communication technologies (ICT) into the
education system is considered one of the most important educational reforms of the
21st century. The rapid development of digital technologies has had a significant
impact on the organization of the educational process, the renewal of teaching
methods and the establishment of interaction between educational participants.
According to modern pedagogical approaches, ICT is not only a technical tool, but
also an important didactic tool that increases the efficiency of the learning process,
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stimulates the cognitive activity of learners and serves to form an innovative
educational environment. At the same time, the application of ICT also creates
certain risks and limitations. In this regard, a comprehensive assessment of its
impact on the education system is necessary [3].

1.1. Advantages of the application of ICT in education

One of the main advantages of ICT is the expansion of access to educational
resources. Internet technologies, electronic libraries, digital platforms and open
educational resources allow teachers and learners to use various scientific
information bases from around the world in an operational manner. This makes the
learning process more flexible, rich and research-oriented.

ICT also contributes significantly to the personalization of the learning process.
Adaptive learning systems and e-learning platforms can provide learners with
appropriate learning materials, taking into account their individual learning pace,
knowledge level and interests. As a result, each learner develops according to their
own capabilities and the quality of learning outcomes increases [4].

The application of interactive technologies increases the motivation of learners
and ensures their active participation. Electronic presentations, virtual laboratories,
simulation programs, gamified learning environments and multimedia tools create
conditions for linking theoretical knowledge with practical skills. This approach
supports the active construction of knowledge by the learner in accordance with the
constructivist learning theory.

The development of distance and hybrid education models is also one of the
important advantages of ICT. Geographical restrictions are eliminated, and people
with physical disabilities, working students and learners living in different regions
can benefit from quality education opportunities. Especially during the COVID-19
pandemic, ICT has become strategically important in ensuring the sustainability of
the education system.

ICT also enables a more objective and efficient organization of the assessment
process. Through electronic testing systems, automated assessment platforms and
learning analytics, students' achievements are monitored in real time, weaknesses
are identified and individual development directions are planned. Big Data analysis
and learning analytics help teachers make more informed pedagogical decisions.

At the same time, ICT also has a positive impact on the development of 21st
century skills - digital literacy, information processing, critical thinking, problem
solving, communication and collaboration skills. Since these competencies are
highly valued in the modern labor market, the application of ICT in the education
system serves the development of human capital.
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1.2. Limitations of ICT application in education

Despite all its advantages, the application of ICT in the education system is
accompanied by certain problems. One of the main problems is the existence of
digital inequality. The fact that not all educational institutions and families are
provided with high-speed internet, modern computer equipment and software at the
same level creates inequality of opportunities in education. Another important
problem is the insufficient development of teachers' digital competencies. Not only
technical skills in using ICT are required, but also its integration in accordance with
pedagogical goals. Limited knowledge and skills in the field of digital pedagogy
prevent the full use of the potential of technologies.

Excessive use of ICT can lead to student distraction and a decrease in the
quality of learning. Social networks, online entertainment platforms and other
digital environments can affect the fragmentation of attention, inefficient time
management and weakening of academic performance. Some studies show that
prolonged screen use increases the risk of fatigue, eye health problems and
psychological stress.

Maintaining academic integrity is also one of the important problems.
Uncontrolled use of Internet resources can lead to increased cases of plagiarism,
appropriation of ready-made materials, and unethical use of artificial intelligence-
based text generators. Therefore, it is important to strengthen academic ethics
policies and digital assessment mechanisms in educational institutions.

The creation and continuous renewal of ICT infrastructure requires high
financial costs. Equipment obsolescence, software renewal, implementation of
cybersecurity measures and provision of technical support create an additional
burden on the budget of educational institutions [5, pp. 80-97].

Cybersecurity and protection of personal data are also among the important
risk factors. Protection of personal data stored on electronic educational platforms,
prevention of cyberattacks and creation of a safe digital environment are among the
priority directions of modern educational management.

In general, when approaching the issue from both perspectives, it can be
concluded that the results of research conducted in the field of pedagogical and
information technologies show that the impact of ICT on learning outcomes depends
not only on its presence, but also on the quality of its application. High results are
achieved not when technology mechanically replaces traditional teaching, but when
it is integrated with purposeful pedagogical strategies. In this regard, the role of the
teacher changes, turning from the main source of information into an organizer,
facilitator and mentor of the learning process. In other words, for effective digital
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transformation, in addition to the development of technical infrastructure, it is
necessary to develop the professional development of teachers, form digital
pedagogical competencies, prepare quality electronic learning resources, and protect
the principles of academic integrity.

2. Indicators of effectiveness and efficiency of the application of
information and communication technologies in education

The effectiveness of the application of information and communication
technologies (ICT) in the education system is one of the most studied areas in the
field of modern pedagogy, educational technologies and educational management
[6, pp. 45-47 Scientific research conducted over the past decades shows that ICT
can have a positive impact on the quality of the learning process, but the level of
this impact depends not on the availability of technology, but on its systematic and
methodologically justified application in accordance with pedagogical goals. In this
regard, a comparative analysis of the approaches of various scientists allows for a
more objective assessment of the effectiveness of ICT in education.

American educational technologist Richard E. Mayer notes in his theory of
multimedia learning that the integration of text, sound, animation and visual
elements in accordance with scientific principles increases the efficiency of learning
[7]. According to Mayer's Cognitive Multimedia Learning Theory, people process
information through visual and verbal channels, and the balanced use of these
channels increases the quality of learning. However, the author emphasizes that
unnecessary visual or audio effects can have the opposite effect by increasing
cognitive load. Therefore, the effectiveness of ICT depends not on the technology
itself, but on its design in accordance with scientific and pedagogical principles.

Large-scale meta-analyses conducted by John Hattie also reveal similar results.
Hattie, summarizing the results of thousands of empirical studies, shows that the
strongest impact on educational outcomes is not the technology itself, but rather the
professionalism of the teacher, quality feedback, purposeful assessment and active
learning strategies. In his opinion, ICT demonstrates high effectiveness only in cases
where it strengthens these pedagogical factors. This approach views technology as
an instrumental tool and considers the role of the teacher as a key factor [8].

In contrast, Seymour Papert, in his theory of constructionism, views ICT not
only as a teaching tool, but also as an environment for creative thinking and
knowledge construction. Papert believes that computer technologies enable learners
to develop their own projects, solve problems independently, and create new
knowledge. According to his approach, the learner is not a passive recipient of
information, but a knowledge creator. In this regard, Papert appreciates the
transformative potential of ICT more highly than Hattie [9].
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Lev Vygotsky's social constructivist theory, although not directly about ICT,
is considered one of the scientific foundations of modern digital education.
Vygotsky showed that learning is formed as a result of social interaction. Modern
digital platforms, videoconferencing systems, virtual classrooms, and online
collaborative environments create ample opportunities for the practical application
of this theory [10]. Thus, ICT acts as a tool that enhances collaboration and
collective knowledge construction among learners.

UNESCO, on the other hand, views ICT as an important tool for achieving
sustainable development goals. According to the organization’s approach, digital
technologies increase access to education, strengthen inclusion and expand
opportunities for lifelong learning. At the same time, UNESCO emphasizes that
providing technical equipment alone is not enough; the development of teachers’
digital competencies, the production of quality digital content and the formation of
principles of ethical use are key priorities [11

International studies conducted by the OECD, however, demonstrate a more
cautious approach. The organization’s reports note that the increase in the number
of computers and tablets in schools does not automatically lead to an increase in
academic achievement. On the contrary, uncontrolled and purposeful use of
technology is sometimes accompanied by a weakening of reading, mathematics and
concentration indicators. The OECD concludes that digital technologies should not
replace traditional pedagogical methods, but complement and enrich them [12].

Thus, when comparing the mentioned approaches, a number of common
features and differences are observed. Mayer, Hattie and OECD representatives
emphasize that the effectiveness of ICT depends not on the technology itself, but on
the quality of its application. Papert, on the other hand, evaluates technology as an
innovative environment that changes the structure of the learning process. The
approaches of UNESCO and Vygotsky highlight the role of ICT in creating social
inclusion, cooperation and equal educational opportunities [10].

More broadly, a summary of the research shows that the effectiveness of ICT
in education depends on the following main factors: digital and pedagogical
competencies of teachers; selection of technology appropriate to educational goals;
preparation of high-quality digital educational resources; application of interactive
and student-centered teaching methods; availability of continuous assessment and
feedback mechanisms; ensuring the principles of digital security and academic
integrity.

Thus, a comparative analysis of the approaches of various scholars and
international organizations shows that ICT has significant potential to improve the
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quality of education. However, this potential can only be realized if it is supported
by scientifically sound pedagogical strategies, professional teacher training, and
modern digital infrastructure. Therefore, the priority in modern education policy
should not be the mere application of technology, but its purposeful and effective
integration in a way that can have a real impact on learning outcomes.

2.1. The role of ICT in increasing the efficiency and accessibility of
education

Organizing lessons interactively with the help of ICT and combining visual and
auditory tools allows teachers to adapt to different psychological learning styles. For
example, while some learners absorb knowledge better through hearing, others
prefer visual explanations. ICT provides a means to integrate these two approaches.
Especially in inclusive education, for example, when working with learners with
hearing, vision or mobility limitations, ICT tools can become important auxiliary
resources. Assistive technologies such as screen readers for the visually impaired,
subtitles for the hearing impaired and adaptive software for students with cognitive
disabilities can be used to create equal learning opportunities. Digital tools also
allow teachers to adapt materials to different accessibility standards. For example,
color contrast settings, text-to-speech functions and customizable font sizes serve
students with different needs. This shows that digital technologies can not only
improve the quality of teaching, but also ensure social equality.

The introduction of ICT in the educational process has not only activated
students, but also increased the quality of lessons. Learners have been able to
independently test their knowledge on online platforms, complete interactive tasks
on various topics and see their results immediately. As a result, the educational
process has become a system that goes beyond the classroom and provides unlimited
resources. In addition, teachers who apply ICT tools to their lessons have been able
to communicate more dynamically with learners and offer a more individual
approach. For example, it has been effective to send additional interactive materials
to some students to better understand the topics or to provide reinforcement
exercises through video lessons to students who have performed poorly.

At the same time, the positive impact of ICT tools on teachers’ activities is also
being observed. By using modern software in lesson planning, teachers have been
able to convey content more effectively, clearly and simply. For example, with
interactive platforms such as PowerPoint, Canva, Genially and Kahoot, teachers
have made their lessons more engaging and encouraged learners to think actively.
As a result, lessons have become more interesting and effective, and students’
interest in subjects has increased.
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In addition, the role of ICT in education goes beyond classroom activities.
Digital gradebooks, electronic diaries and distance learning platforms (Google
Classroom, Moodle, Zoom, Teams) improve communication between teachers,
learners and parents. As educational management moves towards digital systems,
introducing learners to ICT during lessons plays an important role in preparing them
for real life [13]. ICT develops important life skills such as problem solving, digital
literacy and teamwork. Collaboration platforms encourage learners to work in
groups, prepare presentations and participate in digital discussions. In particular,
given that today’s job market demands skilled professionals in the field of
information technology [14, 358-367]. Developing digital skills from school age
provides a distinct advantage for young people. ICT not only improves accessibility
and fundamental learning, but also promotes deeper educational and developmental
goals. Competitive and reward-based components in classroom learning, gamified
learning platforms such as Kahoot and Classcraft can increase motivation [15]. It is
argued that these platforms can improve intrinsic motivation and engagement,
especially among younger students. In addition, artificial intelligence-driven
platforms such as Khan Academy or Century Tech modify content based on
students’ learning abilities and pace. This personalization helps students meet their
learning needs and increases their academic performance. Also, tools such as
Nearpod and Socrative help teachers assess students in real time and personalize
their lessons accordingly. Therefore, timely feedback improves metacognitive
awareness and supports better learning strategies.

While ICT integration in education has the potential to transform learning
experiences and environments, it also presents a number of serious shortcomings
that need to be fully considered. These challenges, if not properly addressed, can
undermine the effectiveness of ICT tools and exacerbate existing inequalities.

First, there is the danger of over-reliance on technology. As the number of
technical tools used in lessons increases, there is a decrease in live communication
and direct interaction between teacher and student. According to the Grouport
report, digital communication lacks important non-verbal cues, such as tone of voice
and facial expressions, which are essential for the development of empathy and
communication skills. This can lead to negative consequences such as weakened
social skills, difficulties in independent thinking and emotional retardation [16].
Especially for young children, strong stimuli presented through visual formats can
be distracting and limit deeper engagement with the content of the lesson. Therefore,
the use of technology should always be carried out under pedagogical supervision,
with clearly defined objectives and carefully planned implementation.
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Another challenge is that not all teachers are ready to embrace the use of ICT
tools. Many teachers may hesitate or not feel comfortable using new technology.
While many young teachers are comfortable with technology, there are still
experienced teachers who have difficulty mastering ICT tools. Although special
professional development courses are organized for them, such training should be
continuous and rich in practical content [17]. As technology is constantly evolving, it
becomes difficult to achieve meaningful results if the teacher does not evolve with it.

Conclusions and suggestions

The conducted scientific analysis shows that information and communication
technologies act as an important strategic tool in improving the quality of the
modern education system, personalizing the learning process, expanding the
accessibility of education and improving educational management. As a result of
the application of ICT, an interactive and student-oriented learning environment is
formed, and the motivation, digital literacy, critical thinking and problem-solving
skills of learners are developed. At the same time, electronic assessment systems
and learning analytics create conditions for a more objective assessment of learning
outcomes and optimization of the educational process.

The results of the comparative analysis show that the effectiveness and
efficiency of ICT depend more on its application in accordance with pedagogical
goals than on the number or technical capabilities of the technology used. The
approaches of various scientists generally confirm that digital technologies have a
real positive impact on educational outcomes only when they are integrated with
scientifically sound teaching methods, high professionalism of teachers and quality
digital content.

At the same time, the study shows that digital inequality, insufficient
development of technical infrastructure, differences in the level of digital
preparation of teachers, academic integrity problems and cybersecurity risks are
among the main factors that can reduce the effectiveness of ICT implementation.
For this reason, digital transformation should not be limited only to technical
support, but should also be supported by continuous professional development
programs, ethical use principles, a safe digital environment and modern education
policies.

In accordance with the results, it would be appropriate to consider the following
proposals for the effective and efficient operation of ICT in the field of education:

— Expansion of continuous professional development programs aimed at
developing teachers' digital and pedagogical competencies in educational
institutions;
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— Formation of a single digital education ecosystem and strengthening modern

ICT infrastructure in educational institutions;

— Creation of scientifically based monitoring and quality assurance

mechanisms to assess the impact of ICT on the educational process.
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