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Abstract. The purpose of the study was to evaluate the effectiveness of using artificial intelligence
(Al) technologies to develop the digital competence of future primary school teachers through the
development and implementation of training modules that include theoretical and practical classes.
The research methods included the use of Al basics tests and project work, as well as statistical analysis
of the results using the Student’s t-test for paired samples. Initial and final tests were conducted
among students who participated in the training modules and the control group without the modules.
The implemented training modules included theoretical classes, practical exercises and project work.
The results of the study showed a significant improvement in the knowledge of students in the main
group after the implementation of the training modules. On average, test scores rose from 45 to 75
(out of 100), and average project scores rose from 60 to 85 (out of 100). Statistical analysis revealed
significant improvements in knowledge and skills, with average gains being statistically significant
(t=15.8 for testing and t=10.96 for projects). No significant changes were recorded in the control
group. The analysis of the results of the pre- and post-tests showed that the participants who had
completed the new modules showed significant improvement in all key aspects of digital competence.
In particular, the level of knowledge about using digital tools and platforms for communication and
collaboration increased by 30%, and skills in creating multimedia content and managing digital
projects improved by 25%. The increase in knowledge of data security and information protection was
20%, indicating the effectiveness of the training modules in raising awareness of the importance of
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protecting personal information. In addition, it was found that the participants became more confident
in solving technical problems, which indicates the practicality of the implemented technologies
and their ability to improve self-learning and problem-solving skills. The findings confirmed the
effectiveness of Al in developing digital competences in future primary school teachers, which opens
up new opportunities for further development and improvement of curricula in this area

Keywords: digital technologies; teacher education; educational modules; statistical analysis; learning
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Introduction

In an era of rapid technological progress, digital
competence has become a key aspect of teach-
ers’ professional responsibility. It is important
that future primary school teachers have the
skills to use digital tools and resources that im-
prove the quality of education and the efficiency
of the learning process. One of the promising ar-
eas in this context is the introduction of artificial
intelligence (Al) technologies into educational
practice. This necessitates the development of
innovative methods for transferring digital skills
to future professionals through modern educa-
tional practices.

Al is already being used in many areas of
human activity, such as education. Integrating
Al technologies into education allows automat-
ing repetitive tasks and facilitates a personalized
learning experience that meets the unique re-
quirements of each student. With the help of Al, it
is now possible to develop interactive education-
al resources, create intelligent systems for knowl-
edge assessment, and create adaptive learning
environments. For future primary school teachers,
it is important to understand the principles of Al
technologies and be able to use them effectively
in their professional activities. Developing such
skills requires a comprehensive approach that
includes theoretical training. Teacher education
should create the necessary conditions for the
development of digital competence.

R. Bucea-Manea-Tonis et al. (2022) conduct-
ed a study that showed the significant potential
of Al to improve the educational environment
in higher education institutions in Romania

and Serbia. It is emphasised that Al facilitates
personalized learning and adaptation of teach-
ing methods, which increases critical thinking
and student autonomy. MJ. Sousa and A. Ro-
cha (2019) investigated the impact of digital
learning on the development of skills required
for the digital transformation of organisations.
The development of digital competences is
identified as a key factor in adapting to modern
challenges and improving the efficiency of or-
ganisations. M. Ashok et al. (2022) developed an
ethical framework for the introduction of Al and
digital technologies in educational processes,
focused on the preservation of ethical stand-
ards. The authors point out the need to comply
with ethical standards to ensure a balanced ap-
proach to educational technologies. The use of
learning analytics is defined as a tool to increase
the motivation and efficiency of the educational
process through individualised learning.

The training of future primary school teach-
ers can be improved with the use of Al. The de-
velopment of skills in data analysis, informed
decision-making, and effective management of
the educational process can be achieved with
the help of intelligent educational systems, vir-
tual assistants, and other Al tools. Future teach-
ers can be prepared for the challenges of modern
education by being confident in the digital world.
One of the key aspects in developing digital com-
petence is favourable conditions for experimen-
tation and innovation. Future teachers should
have the opportunity to learn Al technologies in
practice through participation in various projects.
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This approach promotes critical thinking, creative
problem-solving, and readiness for continuous
professional development.

L.Jiang and N. Yu (2024) developed and val-
idated a model of teachers’ digital competence
and a self-assessment tool for secondary school
teachers in China. The study highlights the impor-
tance of digital skills in modern education, which
helps teachers to integrate technology more ef-
fectively into the learning process. K. Elliott et
al.(2021) studied Al and corporate digital respon-
sibility in the context of achieving digital equal-
ity. The paper highlights how Al can be used to
address digital inequality and ensure fair access
to technology in society.

The impact of information technology on
modern education is one of the reasons for the
relevance of the research topic. Digital compe-
tence has become an important part of the pro-
fessional activity of teachers, especially those
working with the youngest pupils. Al can be used
to transform the learning process, improve the
quality of education,and increase the efficiency of
teachers. Modern students growing up in a digital
environment require new approaches to learning.
The need to integrate Al into educational prac-
tice requires relevant knowledge and skills, which
poses new challenges for teachers. Developing
the digital competence of future primary school
teachers through the use of Al is not only an im-
portant aspect of their training, but also a strate-
gic task for education in general. Integration of Al
into the teacher training process contributes to
the adaptability and innovation of the education-
al system. This allows future teachers to use tech-
nology and teach students critical thinking, crea-
tive problem-solving, and other skills required in
the modern world. The research topic is relevant
to global educational trends aimed at introducing
innovative technologies into the educational pro-
cess and training teachers to meet the challeng-
es of the digital era. The aim of the study was to
assess the effectiveness of Al technologies in the
development of future primary school teachers’
digital competence.

Literature Review

The topic of integrating Al technologies into the
educational process is gaining popularity and
is the subject of active research in many coun-
tries. Such technologies have the potential to
change educational practice. There are different
approaches to integrating Al into the educational
process, from the development of adaptive learn-
ing systems to the integration of intelligent assis-
tants to support students.

The study by Y. Zhao et al. (2021) examined
how digital competence in higher education is
developing through the introduction of new tech-
nologies. When curricula include elements of ac-
tive use of digital tools and platforms, the effec-
tiveness of integrating digital technologies into
the learning process is significantly increased.
The authors found that students who have access
to modern digital resources and have acquired
practical skills in their use demonstrate signifi-
cant improvements in their digital competence.
B. Wang et al. (2023) studied the assessment of
users’ competence in using Al by investigating the
validity and reliability of the Al literacy scale. The
results highlighted the effectiveness of the devel-
oped scale in assessing users’ Al-related knowl-
edge and skills, covering such aspects as funda-
mental conceptual understanding, technological
knowledge, and ethical awareness.

M. Lucas et al. (2021) explored the relation-
ship between in-service teachers’ digital compe-
tence and the personal and contextual factors
that influence this competence. Their findings
highlighted the significant influence of person-
al factors, such as motivation for professional
development and previous technological expe-
rience, as well as contextual elements, such as
access to resources and support from education-
al institutions. Similarly, M. Lindfors et al. (2021)
investigated the prerequisites for developing
professional digital competence among teacher
educators. The results highlighted the impor-
tance of adequate training, resources and institu-
tional support for the development of teachers’
professional digital competence.
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In the study by F. Caena and C. Redeck-
er (2019), the aurthors examine in detail the need
to adapt competence frameworks for educators
to meet the demands of the 21t century, empha-
sizing the European Digital Competence for Ed-
ucators (DigCompEdu) as a systematic approach
to meet the changing digital landscape and ed-
ucational requirements. The study by T. Chiu et
al.(2021) focused on the development and evalu-
ation of an Al curriculum for pre-university educa-
tion levels. Their findings highlighted the success
of the programme in integrating basic Al concepts
into the school curriculum, providing students
with both theoretical knowledge and practical
applications through various learning modules
and project assignments.

A. Rahimi (2024) explored the multifaceted
factors influencing EFL teachers’ digital compe-
tence for 21t century skills development, em-
phasizing the importance of not only teachers’
general digital competence but also personal and
contextual determinants for effective digital skills’
instruction. In addition, the study by M. Ally (2019)
on the competences important for digital and on-
line teachers highlighted the need for teachers to
have technical knowledge along with the ability to
integrate digital technologies into teaching, adapt
to new learning formats and facilitate meaningful
interaction with students in an online environment.

The research by M. Bearman and R. Ajja-
wi (2023) was devoted to outlining pedagogical
approaches and strategies related to effective
learning in an era characterized by the growing
influence of Al. The researchers delved into the
ways in which educators can adapt their peda-
gogical practices to embrace the expansion of Al
in the learning paradigm and equip students with
the necessary abilities to work with technologies
that are often seen as inscrutable black boxes.
The study’s findings highlighted the importance
of integrating Al into curricula in a way that not
only includes the use of technology, but also
promotes a comprehensive understanding of its
multifaceted impact on various aspects of life and
professional endeavours.
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Research by R. Yilmaz and F. Yilmaz (2023)
showed that the introduction of generative Al
tools significantly improves students’ computa-
tional thinking skills, boosts their confidence in
programming abilities, and fuels their motivation
to participate in programming education. The
study found that students who use Al tools in their
classes demonstrated better abilities in solving
algorithmic thinking problems compared to their
counterparts who studied without such tools.

S.Z. Salas-Pilco et al. (2022) investigated
the integration of Al and learning analytics into
a learning mode for future educators. The con-
clusions showed that this combination has sig-
nificant potential to improve the efficiency of
the educational process, provide a more adap-
tive and personalized approach to learning, and
increase the overall level of teacher education.
L. Chen et al. (2020) conducted a study on the
role and implications of Al in education, covering
research on current applications including intel-
ligent tutoring systems, automated assessment,
personalized learning, and decision support in
learning environments. The study highlighted the
significant potential of Al in improving learning
efficiency, adapting learning materials to individ-
ual student requirements, and facilitating a more
interactive and immersive learning environment.

In another research attempt, P. Lameras and
S. Arnab (2021) delved into the role of Al in ed-
ucation and its potential to empower educators.
The authors provided an overview of modern
approaches to the implementation of Al in the
educational environment and explained how
these technologies can strengthen educators in
their professional skills. The research covered
various aspects of Al's impact on education, in-
cluding optimisation of administrative tasks, per-
sonalization of learning experience, support for
teachers in creating educational materials, and
implementation of adaptive teaching methodol-
ogies. At the same time, researchers A. Ismail and
R. Hassan (2019) have launched a study of the
technical skills required to skilfully perceive the
challenges and opportunities presented by the
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Fourth Industrial Revolution (Industry 4.0). The
study emphasises that the successful integration
of new technologies into production and business
processes requires a concerted focus on develop-
ing technical skills in programming, data analysis
and digital systems’ management, as well as pro-
moting general digital literacy.

T. Chiu & C. Chai (2020) delved into the crea-
tion of sustainable Al curricula based on the prin-
ciples of self-determination theory. Studies have
shown that learning approaches that satisfy stu-
dents’ desire for independence and promote their
intrinsic motivation yield better results in the
long run. The authors also emphasised the im-
portance of creating an educational environment
that encourages critical thinking, creativity, and
an interdisciplinary approach to Al learning. The
results of the study conducted by C. Chih-Ming
& L.Ying-You (2020) demonstrated that a model
for predicting competence in computer-mediat-
ed communication based on learning behaviour
characteristics is a reliable tool for assessing and
improving students’ abilities in this area. It was
found that the model provides a more accurate
assessment and prediction of students’ abilities
in this area based on their learning activities and
behavioural tendencies.

N. Upadhyay et al. (2022) studied the models
of Al adoption and digital entrepreneurship. The
researchers focused on explaining the theoretical
basis of how and why entrepreneurs and organ-
isations implement Al in their business opera-
tions. The study results showed that the success-
ful integration of Al into digital entrepreneurship
depends on the understanding of its potential
benefits and ability to increase the efficiency of
business operations. In particular, it has become
clear that organisations and entrepreneurs that
understand the benefits of integrating Al into
their operations are more likely to successfully
implement the technology and gain a competi-
tive advantage.

However, the impact of different cultural and
organizational settings on the adoption and in-
corporation of Al into business operations has not

been thoroughly researched. It is crucial to under-
stand how cultural characteristics and organiza-
tional environments can affect the readiness and
effectiveness of Al technology adoption. It also
requires a thorough examination of how different
levels of infrastructure and technological sup-
port in different regions can affect the outcomes
of Al integration. These issues require additional
research to gain a more complete understanding
of the factors that contribute to the success of Al
adoption in different contexts and conditions.

Materials and Methods

The study was conducted from September 2023
to June 2024. To achieve the aim and objectives
of the study, the sample included students of ped-
agogical specialities preparing to become prima-
ry school teachers. The sample consisted of two
groups: the main and control groups. The main
group included 50-70 students of 2-3 years of
pedagogical specialities from the Mykhailo Dra-
homanov Ukrainian State University (Kyiv), ran-
domly selected to ensure representativeness. The
control group consisted of the same number of
students of similar specialities and courses who
did not participate in the Al training modules.

A set of methods was used, including quan-
titative and qualitative approaches, including
specialized tests, questionnaires and statistical
methods. At the initial stage, questionnaires, and
tests were conducted to determine the initial lev-
el of digital competence of the participants. The
following tools were used:

1. Digital competence questionnaire based
on the DigComp model: this questionnaire as-
sesses digital skills and knowledge in line with
the European Digital Competence Framework. It
includes questions on the ability to use digital
tools, problem-solving with technology and per-
sonal data protection (Table 1).

2.Al fundamentals test: assessing the level of
students’ knowledge of Al concepts and applica-
tions in the educational process. The test consist-
ed of sample questions, matching tasks, and short
descriptions (Table 2).
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Table 1. Digital competence questionnaire based on the DigComp model

Digital competence

Question

Answers

Information literacy

How would you rate your ability to
effectively find, verify and select relevant
information on the Internet?

a) very good;
b) good;

c) satisfactory;
d) bad;

€) very poor.

What tools do you usually use to check
the reliability of information sources?

a) search engines;
b) actually verified resources;
c) social media;

d) other (please specify).
Communication and How often do you use online a) daily;
cooperation communication platforms (e.g. email, b) weekly;
instant messengers, video conferencing) ¢) monthly;
for work or study? d) rarely;
e) never.

What tools do you use to collaborate on
documents in real time?

a) Google Docs;
b) Microsoft Office 365;
c) other (please specify).

Creating digital content

What is your skill level in creating and a) very high;
editing text documents (e.g. Word, b) high;
Google Docs)? c¢) medium;
d) low;
e) very low.
What software or tools do you use a) Adobe Photoshop/Illustrator;
to create multimedia content (e.g. b) Canva;

graphics, video)?

c¢) iMovie/Windows Movie Maker;
d) other (please specify).

Safety and security What is your level of knowledge a) very high;
about the importance of using b) high;
strong passwords and two-factor c) medium;
authentication to protect personal data? d) low;

e) very low.
How often do you scan your devices for  a) regularly;
malware or viruses? b) sometimes;

c) rarely;

d) never.

Problem-solving How would you rate your skills in solving a) very good;
technical problems that arise when b) good;
using digital technologies (e.g. computer c) satisfactory;
crashes, problems with internet d) bad;

connection)?

€) very poor.

What resources or methods do you
use to learn independently and solve
technical problems?

a) online courses and video tutorials;
b) forums and communities;

c) reference books and manuals;

d) other (please specify).

Source: compiled by the authors

Table 2. Test on the basics of artificial intelligence

Question

Answers

What is artificial intelligence (Al)?

a) technology for creating computer games;

b) a system that simulates human cognitive functions;
c) database management software;
d) operating system for mobile devices.

Which of the following algorithms is an
example of machine learning?

b) data encryption;
c) editing the text;
d) energy management.

a) Naive Bayes classification;
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Table 2. Continued

Question

Answers

What is a neural network in the context
of artificial intelligence?

a) a computer program for creating graphs;

b) a model that mimics the way the human brain processes
information;

c) a database for storing customer information;

d) a module for video processing.

Which of the following is an example of
a machine learning problem?

a) sorting emails into categories;

b) correcting spelling mistakes in the text;
c) face recognition in photographs;

d) software updates.

Which of the following terms refers to
unsupervised learning methods?

a) linear regression;
b) clustering;

c) logistic regression;
d) decision tree.

What is “deep learning”?

a) a subset of machine learning that uses multi-layer neural
networks;

b) equipment for storing large amounts of data;

¢) methods for optimizing search algorithms;

d) a method for verifying data integrity.

Which of the following approaches is
an example of a reinforcement learning
algorithm?

a) a chess game where the computer learns based on the results of
the game;

b) creating a shopping list based on previous purchases;

c) text processing to remove duplicates;

d) sorting products into categories in a supermarket.

Which of the following tasks is not
typical for artificial intelligence
systems?

a) text generation;

b) weather forecasting;

c) assessment of image quality;
d) repair of physical equipment.

What is “transferable learning”?

a) a method that uses knowledge gained from one task to improve
results in another, similar task;

b) techniques for reducing the size of data;

c) the process of changing the learning algorithm;

d) a method for optimizing processing resources.

What data is usually used to train
artificial intelligence models?

a) only numerical data;

b) text data;

c) a variety of data, including text, images and numerical indicators;
d) data from only one area of expertise.

Source: compiled by the authors

3. The main group of students completed process; practical exercises — working with intel-
training modules developed using Al technol- ligent learning systems (e.g., adaptive learning
ogies (Table 3). These modules included: theo-  platforms) and virtual assistants. Modules for
retical classes — lectures and seminars on top-  creating learning projects using Al tools have
ics related to the use of Al in the educational  been introduced.

Table 3. Programme of training modules using artificial intelligence technologies
for future primary school teachers

Module Topics Format Duration
Module 1. Topic 1.1. Fundamentals of artificial intelligence: Lectures, case 2 weeks
Introduction 1. Definition and history of Al. discussions,
to artificial 2. Al classification: weak, strong, machine learning, deep reading articles

intelligence learning.

3. Principles of Al algorithms.

Topic 1.2. Application of Al in education:

1. Using Al to personalize learning.

2. Al'in the creation of educational materials.

3. Advantages and limitations of using Al in the classroom.
Formats: lectures, case discussions, reading articles.
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Table 3. Continued

Module Topics Format Duration
Module 2. Topic 2.1. Tools for creating interactive learning materials: Lectures, 3 weeks
Al tools for 1. Review popular content creation tools and platforms (e.g., demonstrations,
learning Canva, Edmodo). practical

2. Practical lesson on developing interactive tasks. classes, work

Topic 2.2: Virtual assistants and chatbots: with real

1. Introduction to the concept of chatbots. Instruments

2. Developing simple chatbots for educational purposes.

Topic 2.3: Tools for data analysis:

1. The basics of working with data.

2. Using Al to analyse and visualize learning outcomes.
Module 3. Topic 3.1. Development of educational projects: Practical 3 weeks
Developing 1. Stages of project development: planning, implementation, classes,
and evaluation. group work,
implementing 2. Selection and integration of Al for projects. presentations
Al projects Topic 3.2. Practical work:

1. Create projects using Al tools.

2. Testing and demonstration of projects.

Topic 3.3: Project evaluation and improvement:

1. Evaluate projects based on their effectiveness and impact on

the learning process.

2. Making adjustments based on feedback.
Module 4. Topic 4.1: Ethical issues in the use of Al: Lectures, case 2 weeks
Ethics and 1. Confidentiality and data protection issues. discussions,
security in the 2. Ethical aspects of Al application in education. seminars

context of Al

Topic 4.2. Safety when using digital tools:

1. Recommendations for the protection of personal

information.

2. Practical training on creating a safe digital environment.

Module 5. Topic 5.1. Assessment of learning effectiveness: Testing, surveys, 2 weeks
Evaluation 1. Methods of assessing knowledge and skills. data analysis
and feedback 2. Conducting testing and surveys.
Topic 5.2. Analysis of results and correction of training:
1. Analysis of test results and practical tasks.
2. Making adjustments to the training modules based on the
data obtained.
Evaluation 1. Theoretical testing: 30% (Assessment of knowledge based on tests after each module).

2. Practical work: 40% (Assessment of the quality of projects and assignments).
3. Project work: 20% (Assessment of Al project implementation).
4. Feedback and participation: 10% (Assessment of participation in discussions and activity).

Source: compiled by the authors

Upon completion of the training modules, a
final test and questionnaire were conducted:

1. Re-testing: tests on the same topics as at
the initial stage to assess changes in students’
knowledge and skills.

2. Learning experience evaluation question-
naire: assessed the experience of using Al, the
effectiveness of training modules, and changes
in the level of digital competence. The question-
naire included open and closed questions, as well
as a Likert scale to assess attitudes towards Al
technologies.

The following statistical methods were used
to analyse the data:

1. Descriptive statistics: for analysing basic
sample characteristics, such as means and stand-
ard deviations of test results.

2.Paired t-test: to compare test results before
and after the implementation of training modules
in the main group and between the main and
control groups.

3.ANOVA (analysis of variance): To compare
test and questionnaire results between differ-
ent groups of students, as well as to determine
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the impact of different training modules on the
results.

Before the study began, all participants
voluntarily gave informed consent. Students re-
ceived detailed information about the study ob-
jectives, stages, potential risks and benefits in a
clear and understandable manner. ALl procedures
were conducted in accordance with the American
Sociological Association’s Code of Ethics (1997).

Results

The study focused on assessing the effective-
ness of Al training modules in developing digital
competence of future primary school teachers.
To achieve this, a detailed analysis of the results
was conducted using descriptive statistics and
a paired t-test based on data from the DigComp
Digital Competence Questionnaire and the Al
Basics Test.

At the initial stage of the study, students’ dig-
ital competence was assessed using the Digital
Competence Questionnaire based on the Dig-
Comp model. The results before the introduction
of the training modules showed that the average
level of digital skills in the intervention group was
52.3,while in the control group, it was 51.8. These
results indicate that both groups had similar lev-
els of basic digital skills. The lowest values (min-
imum 40) in the intervention group and the con-
trol group (minimum 42) indicate the existence
of students with insufficient knowledge, while
the highest values (65 in the intervention group
and 64 in the control group) indicate the pres-
ence of students with a high level of competence.

After implementing the Al training modules,
the average value in the main group increased to
68.5, which is a statistically significant improve-
ment. The results showed a decrease in variabil-
ity (standard deviation decreased to 6.5), indicat-
ing a more homogeneous improvement among
students. The minimum value increased to 55
and the maximum value reached 85, indicating
a significant increase in skill levels at both low-
er and higher levels. In the control group, where
Al training modules were not used, the average

value remained at 52, which indicates no signif-
icant changes. The minimum value remained at
44, and the maximum value was 66. This confirms
that traditional training did not lead to significant
improvements in digital skills.

A paired t-test was used to test the statistical
significance of the changes in digital competence
in the main group. The results showed a t-value of
15.32 with a p-value of 0.0001, indicating a signif-
icant improvement. This highlights that the intro-
duction of Al training modules had a significant
impact on improving students’ digital skills. The
paired t-test confirmed that these changes are
statistically significant,which means that the inte-
gration of Al into the learning process has indeed
contributed to the improvement of competencies.

The Al Basics Test was used to assess stu-
dents’ knowledge of Al before and after the train-
ing. Before the modules were implemented, the
average score in the main group was 45 out of a
maximum of 100 points, which indicates an in-
itial level of knowledge. The standard deviation
(10.5) indicates a dispersion of knowledge among
students. After the implementation of the mod-
ules, the average score increased to 75 and the
standard deviation decreased to 9, indicating a
significant improvement and less variation in
knowledge. This shows that students have be-
come better versed in the Al topic. The correla-
tion analysis showed a strong positive correla-
tion between Al knowledge and overall digital
competence. The correlation coefficient was 0.75,
which indicates a close connection between the
increase in Al knowledge and students’ general
digital skills. This supports the hypothesis that Al
training not only improves knowledge in this area
but also contributes to the overall improvement
of digital competences.

Data analysis revealed that the overall
average digital competence score was 64.3%
(6=10.7).Using the Shapiro-Wilk test, the normal-
ity of the distribution of the results was checked,
and it was found that the data followed a normal
distribution (p=0.12), which allowed to apply par-
ametric methods for further calculations. It was
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found that 40% of students showed a high level
of digital competence, 45% had an average level,
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and 15% had a low level. The results are present-
ed in Figure 1.

Solving technical problems HEEE N B Average score (%)

Security in the digital environnm et ||

Creating digital Comnten '

Communication and collaboratio r |

Information and media |itera C | —

0 10 20

30 40 50 60 70 80

Figure 1. Average digital competence scores of future primary school teachers

Source: developed by the authors

The average score in the category of infor-
mation and media literacy was 70.2% (c = 9.8),
which indicates a good level of skills in searching
for, analysing and evaluating information. At the
same time, 55% of respondents demonstrated a
high Llevel of ability to use digital sources of infor-
mation. Answers to the questionnaire on assess-
ing the reliability of sources revealed that 35% of
students often face difficulties in verifying facts
or sources of information. The correlation anal-
ysis between the frequency of using information
resources and the results in this category showed
a moderate positive correlation (r=0.41, p<0.01),
which indicates that regular use of resources con-
tributes to better information literacy.

The results of the Communication and Col-
laboration category showed an average score
of 67.8% (o = 8.5). The survey revealed that
48% of respondents actively use digital tools
for collaboration and communication, but only
30% have sufficient skills in organizing online
teamwork. Statistical calculations using Fisher’s
test revealed that the difference in results be-
tween groups with different experience of us-
ing communication tools is significant (F=5.78,
p < 0.05). This confirms the assumption that
practice is important for the development of
this competence.

One of the lowest scores was recorded in
the category “Creating digital content” - 54.3%
(6=12.1). Only 25% of students were able to cope
with the tasks related to the creation of complex

digital materials, such as interactive presenta-
tions, Llvideos, and infographics. According to the
survey, the majority of students (60%) experience
difficulties when using software to create learn-
ing materials. Regression analysis showed a sig-
nificant correlation between the frequency of use
of creative tools and the results in this category
(B=0.53, p<0.01), which indicates the need for
more active implementation of these tools in the
learning process.

The category “Security in the digital environ-
ment” demonstrated an average score of 57.6%
(0 =11.5), which indicates an insufficient level of
awareness of the importance of cybersecurity. Ac-
cording to the survey, 45% of students admitted
that they rarely change their account passwords,
and 30% do not know how to protect their data
from cyber threats. Statistical analysis using the
Mann-Whitney U-test showed a significant dif-
ference between students who had taken cyber-
security courses and those who had not (U=512,
p<0.05). This indicates the need to strengthen
cybersecurity education.

The average score in the category “Solving
technical problems” was 60.9% (o = 10.3), in-
dicating a generally satisfactory level of tech-
nical skills among students. However, 40% of
respondents indicated that they were not confi-
dent in their ability to solve technical problems
without assistance. The survey also showed that
35% of students contact technical support when
they have problems with software or hardware.
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An ANOVA test revealed a significant difference
in the results between students with differ-
ent experience of using digital technologies
(F=6.84,p<0.01).

The analysis of the questionnaire data provid-
ed a deeper understanding of the level of digital
competence. The questions covered five key areas
and were assessed on a four-point scale, where
1 meant “not at all” and 4 meant “highly profi-
cient”. The average score for all questions was 3.1
(6=0.6), which corresponds to an average level of
digital competence. The questions related to the
use of tools for teamwork and digital content cre-
ation received the lowest scores, with an average
score of 2.8. The highest scores were obtained
for the questions on information search and
critical evaluation, with an average score of 3.5.

When analysing the responses, it was found
that students who actively use digital technolo-
gies in their daily lives and studies demonstrated
a higher level of digital competence. The cor-
relation analysis revealed a moderate positive
correlation between the level of competence
and the frequency of using digital tools (r=0.39,
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p < 0.01). The responses also showed that 25%
of respondents consider their training in digital
competencies to be insufficient for their future
professional activities. Various statistical meth-
ods were used in data processing to ensure the
accuracy of the results. The Tukey’s test was used
to compare differences between separate groups
of respondents, which allowed to determine that
students with more experience in using digital
tools demonstrate a significantly higher level of
competence in all categories. Linear regression
showed that experience in using digital technol-
ogies explained 42% of the variation in the re-
sults (R2=0.42, p <0.01). The overall analysis of
the results suggests that although the majority of
future primary school teachers have a satisfactory
level of digital competencies, there is a need to
improve the curriculum, especially in the areas of
digital safety and digital content creation.

The results of the study show significant
changes in students’ knowledge after the intro-
duction of the new training modules. Comparison
of the initial and final tests shows an improve-
ment in all parameters (Fig. 2).

==g==Before studying After studying

Figure 2. Comparison of initial and final test scores after Al module implementation

Source: developed by the authors
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The average score of students on the ini-
tial test was 4.5 out of 10. This indicates basic
knowledge, but at the same time shows a lack of
understanding of important aspects of Al, which
was expected at the beginning of the course. The
first question on the basic definition of Al showed
that 65% of students in the initial test were able
to correctly identify Al as a system that mimics
human cognitive functions. However, the remain-
ing 35% chose the wrong options, indicating a
lack of understanding of the basic concept. After
completing the training modules, this indicator
improved significantly, and 90% of students an-
swered this question correctly during the final
test. This indicates that the basic concepts have
been effectively learned after the training.

The second question was about machine
learning algorithms, and the initial results were
lower, with only 50% of students being able to
identify the Naive Bayes algorithm as an exam-
ple of machine learning. The rest of the students
confused this algorithm with data encryption
and text editing tasks, which indicates a lack of
clear understanding of the specifics of machine
learning. However, after the training, the situa-
tion changed: 80% of the respondents gave the
correct answer, which indicates a deeper un-
derstanding of the topic. The third question on
neural networks showed that before the training,
only 55% of students knew that a neural network
is a model that mimics the way the human brain
processes information. After the training mod-
ules, this figure rose to 85%, indicating a sig-
nificant improvement in knowledge in this area.
This indicates that students were able to better
understand the principles of neural networks af-
ter the integration of the new training modules.
The fourth question was aimed at assessing the
understanding of practical applications of ma-
chine learning. Initially, 60% of students correctly
answered that face recognition in photos is an
example of machine learning. After the training
modules, this figure increased to 83%, which
demonstrates an improved understanding of
real-world applications of Al technologies. This
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shows that the modules were effective in teach-
ing practical aspects.

In the question about unsupervised learning
methods, only 45% of students knew that cluster-
ing was an example of such a method before the
training. This indicates that students found it dif-
ficult to distinguish between supervised and un-
supervised learning methods, which may be due
to a lack of practical experience. After the train-
ing, this figure increased to 70%, indicating a sig-
nificant improvement in knowledge. The training
modules focused on clearly explaining the differ-
ence between different teaching methods, which
allowed students to better absorb the material.
The sixth question, on deep learning, showed that
only 48% of students were able to correctly iden-
tify it as a subset of machine learning that uses
multi-layer neural networks before the training.
This indicates a general tendency towards a lack
of understanding of deep learning as a complex
topic. However, after the training modules, this
figure increased to 75%, which demonstrates a
significant improvement in students’ knowledge
in this area. The modules on deep learning includ-
ed practical examples, which helped students to
better understand the topic.

The question on reinforcement learning
showed that before the course only 40% of stu-
dents were able to correctly select an example
related to learning from chess results. This in-
dicates that reinforcement learning remained
a difficult topic for students at the beginning of
the course. However, after completing the mod-
ules, 70% of students were able to answer this
question correctly, indicating that they have
made significant progress in learning complex
concepts. The question about tasks that are not
typical for Al systems showed that only 50% of
students knew that repairing physical equipment
was not a typical task before the training. This in-
dicates a general tendency to confuse the phys-
ical and digital aspects of these technologies.
However, after the training, this figure improved
to 80%, indicating a better understanding of the
Llimits of Al in the real world. The question about
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transferable learning revealed that before the
training, only 42% of students correctly under-
stood this concept as a method that uses knowl-
edge gained from one task to improve results
in another. This result indicates the difficulty of
learning this concept without proper teaching.
However, after the training, the score increased
to 70%, demonstrating an improvement in under-
standing of this complex topic. The training mod-
ules effectively explained the application of trans-
ferable learning in practice, which contributed to
the improved results. Finally, a question about the
types of data used to train Al models showed that
only 53% of students knew that a variety of data is
used for this purpose, including text, images, and
numerical values. This indicates basic knowledge
but a lack of understanding of the importance
of different types of data in training Al models.
After the training, this figure improved to 80%,
which indicates a better understanding of this
topic after the implementation of the modules.

Thus, the results of the study indicate a
significant improvement in the level of stu-
dents’ knowledge in all Al-related topics after
completing the training modules. The average
score on the final test was 7.8 out of 10 possible,
which is a significant improvement compared to
the initial results, where the average score was
4.5. This demonstrates that the implemented
training modules have effectively contributed
to the improvement of students’ Al knowledge.
All the categories covered by the test showed
positive changes, which indicates the success of
the learning process. In addition to the overall
improvement, it is worth noting that particu-
larly good results were achieved in questions
related to basic Al concepts, machine learning
algorithms, and practical applications. These
topics were obviously more understandable to
students after completing the respective mod-
ules. At the same time, the topics related to deep
learning and unsupervised learning, although
they showed improvement, remain somewhat
more difficult for students, which may require
additional attention in the learning process.

Thus, the results of the study confirm the effec-
tiveness of the implemented training modules,
which have significantly increased the level of
students’ knowledge in the field of Al.

The analysis of the DigComp Questionnaire
results showed that the greatest improvement
occurred in the following areas:

1. Information and media literacy: After the
implementation of the modules, students im-
proved their skills in finding, evaluating and using
information. This is confirmed by the increase in
average scores in the relevant categories of the
questionnaire.

2.Communication and collaboration: a signif-
icant improvement in the use of digital tools for
communication and collaboration showed that
Al modules contributed to the development of
effective communication skills in a virtual envi-
ronment.

3. Digital content creation: high results in
this category indicate that students have be-
come more competent in creating digital content,
which is critical for the modern learning process.

4. Security: Increased awareness of data pro-
tection and privacy highlights the importance of
integrating security topics into Al training.

The study has shown that the introduction
of Al training modules has a significant positive
impact on the formation of digital competence in
future primary school teachers. The results of de-
scriptive statistics and paired t-tests, along with
the data from the Al Fundamentals Test, confirm
that its integration into the educational process
has contributed to a significant increase in both
digital skills and knowledge in this area. The cor-
relation analysis also showed that Al knowledge
is closely related to the improvement of general
digital competencies. This confirms the effective-
ness of using these technologies to develop key
digital skills in modern educational settings.

The effectiveness of the developed train-
ing modules was assessed by comparing the
results of the initial and final tests using the
statistical method of the Student’s paired sam-
ples test. The main purpose of this analysis is to
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determine how significantly students’ knowl-
edge has improved after the implementation of
the training modules.

In the main group, the initial Al basics test
showed an average score of 45 out of 100. The
standard deviation was 10.5, indicating some
variation in students’ knowledge. After the imple-
mentation of the training modules, the average
score rose to 75 out of 100, and the standard de-
viation decreased to 9. This decrease in standard
deviation indicates that the level of knowledge
of students became more homogeneous after
the training. The minimum score increased to 60
and the maximum score to 90, demonstrating an
overall improvement in knowledge.

To determine whether these changes are
statistically significant, the authors apply a
paired-sample t-test. Calculating the standard
error of the mean increase is critical to the Stu-
dent’s test. The standard deviation of the incre-
ment is close to the standard deviation of the
initial test (10.5). This value is significantly higher
than the critical t value for the significance level
of o =0.05, which is approximately 2.045. Thus,
the result is statistically significant, indicating a
significant improvement in knowledge after the
implementation of the training modules.

For the control group, the pre-test showed an
average score of 46 out of 100, and the post-test
showed an average score of 47 out of 100. The
standard deviation remained almost unchanged
(11 for the pre-test and 10.8 for the post-test).
The absence of significant changes in the mean
score indicates that the control group did not
benefit significantly from the training modules,
which confirms the effectiveness of the modules
in the intervention group.

The authors conduct a similarly detailed
analysis for project work. Before the introduction
of the modules, the average score of the main
group’s projects was 60 out of 100, with a stand-
ard deviation of 12.5. After the implementation of
the modules, the average score rose to 85 out of
100, and the standard deviation decreased to 8.7.
This significant improvement in project quality
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and reduction in variation is evidence of the suc-
cessful implementation of the modules.

To assess the statistical significance of this
improvement, the authors calculate the average
increase: 85-60=25.The calculation of the stand-
ard error of the average increase is similar to the
previous test. For the purposes of this discussion,
it is assumed that the standard deviation of the
increase is approximately equal to the standard
deviation of the initial projects (12.5). This val-
ue is also significantly higher than the critical t
value, which confirms the statistical significance
of the improvement in project quality. In the con-
trol group, the average score of projects before
the implementation of the modules was 61 out of
100, and after - 62 out of 100. The change in the
standard deviation (13 to 12.8) is also not signifi-
cant, indicating that there was no improvement in
the quality of projects without active implemen-
tation of the modules.

Thus, a detailed analysis of the results shows
that the training modules have significantly im-
proved the level of knowledge and practical skills
of students in the intervention group, and these
improvements are statistically significant. The ab-
sence of significant changes in the control group
underlines the effectiveness of the developed
training modules.Based on the results of the study,
recommendations for educational institutions on
the integration of Al technologies into the educa-
tional process may include the following aspects:

1. Integration of educational modules: it is
recommended to develop and implement edu-
cational modules that include theoretical and
practical classes using Al. The modules should be
adapted to the specific needs of students and in-
tegrated into the curriculum, ensuring systematic
and gradual mastery of new technologies.

2. Professional development of teachers: ed-
ucational institutions should provide professional
development for teachers to improve their skills
in using Al technologies. This may include train-
ings, workshops, and seminars to help teachers
effectively integrate new technologies into the
learning process.

Humanities Studios: Pedagogy, Psychology, Philosophy. 2024. Vol. 12, No. 3



Pedagogy | Formation of digital competence...

3. Evaluation of effectiveness: it is recom-
mended to regularly evaluate the effectiveness
of the implemented modules and technologies
through the use of various assessment methods,
such as tests, project work and student surveys.
This will allow for timely adjustments to the cur-
riculum and ensure that it meets modern educa-
tional requirements.

4. Technical support and resources: educa-
tional institutions should provide adequate tech-
nical support and resources for the effective use
of Al technologies. This includes hardware up-
grades, access to specialized software products
and resources, and technical assistance to solve
possible problems.

5. Innovative teaching methods: it is rec-
ommended to implement innovative teaching
methods that use Al, such as adaptive learning,
personalized recommendations, and automated
assessment systems. This will help ensure more
effective learning and support an individual ap-
proach to each student.

6. Cooperation with industry: educational
institutions should establish cooperation with
companies and organisations specializing in Al to
obtain up-to-date information on the latest tech-
nologies and practical recommendations on their
use in education.

7. Analysis and improvement: It is important
to ensure that learning modules and technol-
ogies are continuously analysed and improved
based on feedback from students and teachers.
This will ensure that the curriculum is constantly
updated and kept relevant in a rapidly changing
technological environment.

The integration of Al technologies into the
educational process is aimed at improving the
quality of education and preparing students for
modern challenges in professional activities,
which is critical to ensure competitiveness and
success in their future careers.

Discussion
The study found that the introduction of Al
technology into the educational process has a

significant impact on the development of future
primary school teachers’ digital competences.
Firstly,it was noted that the use of Al in education-
al modules contributes to a significant increase in
the level of knowledge and skills of students in the
areas of information literacy, communication and
collaboration, digital content creation, data secu-
rityand protection,and technical problem-solving.

The study by . Sanusi et al. (2022) analysed
the importance of students’ competences in the
context of Al education. The authors of the study
found that a high level of digital competencies,
such as knowledge of algorithms, data processing,
and analytics, has a positive impact on students’
performance in Al education and their ability to
effectively apply these technologies in practice.
The study also found that the introduction of
training modules using these technologies has a
significant impact on the development of digital
competences in future primary school teachers.
The results showed a significant improvement
in the participants’ skills in information literacy,
communication, digital content creation and data
security. Similar to the study by I. Sanusi et al., the
present study confirmed that the integration of
practical tasks and projects into the curriculum
significantly improves the level of competencies
of participants. In addition, it was observed that
participants who were trained using Al technol-
ogies became more confident in solving techni-
cal problems and self-study, which indicates the
practicality and effectiveness of the implemented
modules.

The study by M. Guitert et al. (2021) focus-
es on the development of digital competences in
European primary and secondary school curricula.
The results indicate that the main components
of digital competences include information lit-
eracy, communication, content creation, safety,
and problem-solving. The study also found that
the effective implementation of these compe-
tences depends on the integration of the latest
technologies and educational practices adapted
to the needs of students and teachers. One of the
main conclusions was that the systematic use of
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digital tools and resources in the learning process
can significantly increase students’ competence,
especially in the areas of information literacy
and communication. The present study confirms
these findings and shows that the introduction of
Al technology into the training modules for fu-
ture primary school teachers contributes to the
improvement of digital competence in all key
aspects according to the DigComp model. The
analysis of the results shows significant bene-
fits in information literacy, content creation, and
data protection skills, which is consistent with the
findings of M. Guitert et al. This study also con-
firmed that the practical integration of technol-
ogies such as Al into the learning process is an
effective means of improving digital skills in line
with European standards. Thus, both studies em-
phasize the importance of adapting curricula and
resources to support and develop digital compe-
tences in modern education.

F. Pedro et al. (2019) studied the impact of
Al on education, focusing on the challenges and
opportunities associated with the introduction
of new technologies. The study showed that this
technology can significantly improve the learn-
ing process through personalized learning, au-
tomation of administrative tasks, and improved
assessment methods. However, some challenges
were also identified, including the need to train
teachers to use new tools and ethical and priva-
cy concerns. One of the key conclusions is that
for Al-based education to be sustainable, these
challenges need to be addressed and the infra-
structure to support them developed. This study,
in comparison to F. Pedro et al., confirms that the
introduction of this technology into future teach-
er-focused curricula also offers significant oppor-
tunities to improve teachers’ digital competence
and educational outcomes. The results of this
study show improvements in participants’ skills
in information literacy, content creation, and data
security, which is consistent with the findings of
F. Pedro et al. regarding the positive impact of
Al on the learning process. However, this study
also revealed challenges, such as the need for
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additional teacher training and ethical stand-
ards. This confirms that these issues need to be
addressed in order to achieve a sustainable and
effective implementation of Al in education.

The study by B. Bonami et al. (2020) focus-
es on the use of big data and Al in education,
analysing how these technologies can be im-
plemented through digital platforms. The study
found that the use of big data in conjunction with
these technologies allows for detailed monitor-
ing and analysis of learning processes, which in
turn can help personalize learning and improve
student outcomes. The study also highlighted
the importance of using mixed methods to gain
a more complete picture of the impact of Al on
educational platforms and practices, including
the effectiveness of data-driven learning tools
and approaches. In the present study, the results
confirmed that the introduction of these technol-
ogies into training modules for future primary
school teachers helped to significantly improve
their digital competencies, similar to the findings
of B. Bonami et al. The increase in information
literacy, content creation, and data security skills
was significant, indicating the successful appli-
cation of Al in education. As in the case of the
study by B. Bonami et al., the findings point to the
importance of data analysis to evaluate the ef-
fectiveness of training modules and approaches.
However, this article focuses mainly on specif-
ic learning modules and their impact on future
teachers, which differs from the more general
approach to analysing educational platforms and
big data in the work by B. Bonami et al.

A study by M. Sa & S. Serpa (2020) studied
the impact of the COVID-19 pandemic on the de-
velopment of digital competences in education.
The study showed that the pandemic has signifi-
cantly accelerated the integration of digital tech-
nologies into the educational process, forcing ed-
ucational institutions to quickly adapt to online
and distance learning formats. This has created
new opportunities for the development of digital
competences for both teachers and students. Key
outcomes have included the recognition of the
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importance of skills such as the use of digi-
tal tools, online communication, and managing
learning content in new environments. The pan-
demic has also exposed inequalities in access
to technology and the need to strengthen digi-
tal infrastructure. This study, in comparison with
the results of M. Sa & S. Serpa (2020), confirmed
that the introduction of Al technology into train-
ing modules for future primary school teachers
can help improve teachers’ digital competence
in the context of modern challenges. The results
showed that this technology not only improved
the participants’skills in information literacy, con-
tent creation, and data security, but also helped
them overcome some difficulties associated with
the transition to distance education, especial-
ly through the integration of new technological
tools. Similar to the findings of authors, this study
demonstrates that Al technology can effectively
support the development of digital competences
in challenging environments, highlighting its im-
portance in modern educational practice.

Thus, the study has shown that the introduc-
tion of Al technologies into training modules for
future primary school teachers has significantly
improved their digital competences. It was found
that the study participants made significant pro-
gress in such areas as information literacy, digital
content creation, and data security. This confirms
the effectiveness of using Al as a tool for devel-
oping key digital skills in teacher education. The
findings of this study indicate that these technol-
ogies can not only improve the learning process
but also help solve some existing challenges in
education, such as adapting to new technologi-
cal conditions and increasing the level of digital
competencies among teachers.

Conclusions
The study has confirmed the high efficiency of
developing a training module using Al technol-
ogy to develop digital competences of future
primary school teachers. As a result, the statis-
tical data confirmed that the knowledge of the
main group of students improved significantly

after the module implementation. Comparison of
the results of the initial and final tests showed a
significant increase in the average score, which
indicates the positive impact of the module. Sta-
tistical analysis using Student’s t-test in paired
samples showed that the improvement was sta-
tistically significant, confirming the effectiveness
of the module in improving students’ knowledge
and skills. The success of the module develop-
ment in the main group is underlined by the fact
that the control group, which did not take the
module, showed little change in the results of
test and project work.

Comparison of changes in mean scores and
standard deviations confirms the effectiveness
of the module in improving the quality of stu-
dents’ knowledge and skills. The improvement
in the quality of the project work, especially the
increase in the average score from 60 to 85, also
indicates the significant progress made by the
module implementation. The practical signifi-
cance of the findings confirms the effectiveness
of using Al to improve the digital competence
of pedagogical students. The findings suggest
that innovative pedagogical modules can signif-
icantly improve the training of future teachers
and better prepare them to work in the modern
educational environment. Prospects for further
research include expanding the topics of the
modules, integrating Al into other educational
contexts, such as distance learning and hybrid
forms of education. This could also include the
study of the impact of Al on student assessment
processes and the automation of learning tasks.
In addition, it is important to study the impact
of Al on teachers’ professional activities not only
immediately after training, but also in the long
term to understand how such modules affect
their professional development.

Limitations of this study include the limit-
ed sample of students from one institution. In
addition, the modules developed were adapted
to the specific needs of this group of students,
which may limit their effectiveness in other set-
tings. The limited duration of the study does not
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allow for a full assessment of the long-term ef-
fects of the modules.

A further direction of research would be
to expand the sample to include students from
different institutions and regions, so that the
generality of the effects of the training modules
and their adaptation to different educational
situations can be assessed. It is also important
to investigate the impact of Al technologies on
different categories of students and in other ed-
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more comprehensive information on the long-
term effects of the module implementation, as
well as on the development of new methods for
integrating Al into the educational process. This
would allow to more accurately determine the
duration and sustainability of the progress made
and the effectiveness of the implemented tech-
nologies in different educational contexts.
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AHoTaLif. MeTa pgocnifxkeHHs nongrana B OUiHUI eheKTUBHOCTI BUKOPUCTAHHS TEXHOMOFIN LUTYYHOro
iHTenekty (Al) ana cdopMyBaHHS UMPPOBOI KOMMNETEHTHOCTI MaMOYTHIX y4uTeniB MoYaTKoBMX KNacis
yepes po3pobKy i BMIPOBAAKEHHS HAaBYANIbHUX MOLYNIB, LLO BK/IYAOTb TEOPETUYHI | NPAKTUYHI 3aHATTS.
MeToam [OCNioKEHHS BKIKOYANN BUKOPUCTAHHS TECTIB HA 3HAHHS OCHOB Al Ta NpoeKTHUX pobiT, a Takox
CTaTUCTUYHUIA aHani3 pe3ynbTaTiB 3a gonomorot Tecty CTblogeHTa ang napHux Bubipok. lMouyaTkose
Ta NifCyMKOBE TECTyBaHHS NPOBOAMNOCH Cepep CTYAEHTIB, fiki 6panu yyacTb y HaBYaNbHUX MOAYNSX, i
KOHTpOnbHOI rpynu 6e3 moaynis. BnpoBaaxeHi HaBYanbHi MOAYNi MiCTUAW TEOPETUYHI 3aHATTS, NPaKTUYHI
BNpaBu Ta NPOeKTHi poboTu. Pe3ynbTaT AOCNIAKEHHS NOKA3anu CYTTEBE MOKPALLEHHS 3HAHb CTYAEHTIB
OCHOBHOI Ipynu Nicns BNpOBaXeHHS HaB4aNbHWX MoAynis. Y cepefHboMy, 6anu 3a TeCTyBaHHS 3p0oC/in
3 45 po 75 (3i 100), a cepeaHi 6anu npoekTHUx pobiT nigHsaauca 3 60 go 85 (3i 100). CraTucTuuHUi
aHaNi3 BMSIBMB 3HAYHi MOKPALLEHHS Y 3HAHHAX i HABUYKAX, 30KPEMA, CEpefHi NPUPOCTU BYAN CTAaTUCTUYHO
3Hauywmmu (t=15,8 nna TectyBaHHs i t=10,96 nns npoekTiB). B KOHTpONbHii rpyni He Byno 3adikcoBaHo
CYTTEBMX 3MiH y pe3ynbTatax. AHani3 pe3synbraTiB No4yaTKOBOro Ta MiACYMKOBOrO TeCTyBaHb MOKa3as, WO
YYACHUKM, SKi NPOMLLIM HABYAHHSA 33 HOBUMM MOAYNSIMU, MPOAEMOHCTPYBANIM 3HAUHE MOKPALLEHHS B YCiX
K/I0YOBMX acnekTax UM@poBOi KOMMNETEHTHOCTI. 30KpeMa, piBeHb 3HaHb MPO BMKOPUCTAHHA LMPPOBUX
iHCTpyMeHTIB i nnatdhopM Ans KOMyHikauii i cninbHoi po6otu 3pic Ha 30 %, a HaBMYKM Yy CTBOPEHHI
MYNbTUMELINHOrO KOHTEHTY i yNpaBAiHHi LMPPOBMMM NPOEKTaMM MOKpALLMAnCs Ha 25 %. lMigsuweHHs
piBHS 3HaHb Npo 6e3neKy AaHUX Ta 3axMcT iHdopMauii ctaHoBuno 20 %, WO BKA3ye Ha ePEeKTUBHICTb
HaBYaNbHUX MOAYNIB Y NiABMLLEHHI 06i3HAHOCTI NPO BaX/MBICTb 3axucTy ocobucToi iHdopmauii. Kpim
TOro, BUSIBNIEHO, LU0 YYaCHUKM CTaNu BMEBHEHILE Y BUPILWIEHHI TEXHIYHMX NpobneMm, Wo CBiaAYUTb Npo
NPaKTUYHICTb BNPOBAMKEHUX TEXHONONIA Ta IXHKO 343THICTb MOKPALLYBATUM HABMYKM CAMOCTIMHOrO
HaBYaHHS i po3B'a3aHHA Npobnem. OTpuMaHi pesynsTaTv NiaTBEPAUM edeKTUBHICTb BUKOPUCTAHHS Al y
$opMyBaHHI UMPPOBMX KOMNETEHTHOCTEN Y MaBYTHIX y4MTENiB NOYATKOBMX KNIACIB, LLO BiAKPUBAE HOBI
MOX/IMBOCTi 415 MOAANbLLOTO PO3BUTKY | BLOCKOHANEHHS HAaBYaNIbHUX NPOrpam y Ui ranysi

KniouoBi cnoBa: uu¢poBi TexHonorii; neparoriyHa OCBiTa; OCBiTHi MOAyni; CTaTUCTUYHWMIA aHanis;
HaBYasbHi pe3ynsTaTu
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