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Purpose and objectives

The aim of the dissertation is to research and develop information technologies,
resources, methods and tools for expanding and improving e-education. The development of
technologies such as web systems and servers, multimedia resources, simulation resources,
digitalization and others will support the creation of improved training platforms and
applications.

Tasks:

1. Overview, analysis and systematization of technologies and platforms for electronic /
distance learning;

2. Research on existing ICT for the application of e-education and project-based learning
(PBL) in an e-environment;

3. Development of an Interactive Platform for PBL application;

4. Development of (specialized, specific, basic) resources for work in an electronic
environment;

5. Conducting Experiments and presenting the results obtained.
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INTRODUCTION

The development of ICT over the past two decades has fundamentally transformed
education. Building future-proof education systems requires the integration of innovative
learning methods and technologies, combined with accessible digital educational resources that
enable the facilitation of teaching and learning and the improvement of educational outcomes.

This paper addresses major issues of 21st century education related to the role and place
of ICT in education, the advantages and disadvantages of e-learning, the need for continuous
improvement of teachers' knowledge and skills, the need to integrate innovative training
methods, a clear methodology in their implementation and the role of education management
systems, specialized educational platforms and applications.

The present dissertation work is structured as follows:

Chapter 1 provides an overview, analysis and systematization of ICT in education. The
process of integration of information and communication technologies in education over the
past twenty years is analyzed. The development and role of ICT in education, the advantages
and disadvantages of the use of innovative technologies in learning are analyzed. An overview
of innovative methods and technologies implemented in education is made.

Chapter 2 presents research on learning methods and technologies in an electronic
environment. Multimedia technologies and platforms used for e-learning in Bulgaria are
studied. Innovative methods and approaches of training based on technologies or implying the
use of technologies in their application are studied. A wider study has been made of the project-
based method of training, which makes it possible to combine several different innovative
methods and approaches and the use of information technologies.

Chapter 3 presents the development of information technologies for the application of
project-based learning in an electronic environment. A PBL platform model has been developed
and the ICT application in the developed model is presented. The interactive features of the
proposed platform are developed and detailed in detail. A content management system and
software architecture have been developed. An assistant for automating the process of creating
a project-based lesson in a web-based educational platform is presented.

Chapter 4 presents the development and application of specialized educational resources
for work in an electronic environment. The role of e-educational resources in the digital
transformation of education is great. This determines the wide variety of software tools and
applications for creating digital resources. In the current chapter, software for resource creation
in the field of robotics and simulation applications in electronics is presented. An example
lesson on the method of project-based learning has been developed in combination with an
innovative method Flipped classroom and the use of virtual reality. An experiment was made:
Application of project-based learning in school education.



Chapter 1 Overview, analysis and systematization of ICT in education.

1.1. Introduction.

Over the past thirty years, the education system in Bulgaria has been renewed and
modernized, trying to achieve the level of Western countries, part of the European Union. Even
before becoming a member of the EU (2007), Bulgaria made efforts to build a new, competitive
and modern educational environment. The Lisbon European Council in March 2000 outlined
to the European Union the strategic goal of becoming the most competitive and dynamic
knowledge-based society in the world. The Barcelona meeting of the European Council in
March 2002 reaffirmed this important role and mandated the transformation of European
education by 2010 into a global standard.

In 2014. a new document has been adopted - Strategy for effective application of
information and communication technologies in education and science of the Republic of
Bulgaria (2014-2020). The main objective of the Strategy is to provide equal and flexible access
to education and scientific information at any time and from anywhere - from a stationary
computer, laptop, tablet, mobile phone. For the first time, a unified information environment is
created, serving school education, higher education and science. New technologies in teaching will
make lessons more interesting and attractive, will motivate students and teachers.

Along with the Pre-school and School Education Act (PSEA) - 2016. State educational
standards (DOS), curricula and programs are approved, other important programs and strategies
are adopted, which aim to develop and improve the educational system, to support the
introduction, use of information and communication technologies in education, bringing the
country closer to the world level of development in the field of education and digitalization.
These documents are prepared in line with the perspectives set out in current strategic
documents at global and European level, correspond to the implementation of Bulgaria's
commitments under international treaties in accordance with the UN Sustainable Development
Goals, the six priorities of the European Commission for 2019-2024 — the European Green
Deal, Europe prepared for the digital age, Economy in the interest of people, A stronger Europe
on the world stage, Affirming our European way of life and A new impetus for European
democracy.

From this brief historical review of national programs, documents and laws, we can
conclude that Bulgaria's education policies increase the value of education and help to establish
it as a major path to achieving economic prosperity, social and personal satisfaction of the
learner.

The digitization measures provided an opportunity not to interrupt the educational process
after the start of the COVID-19 pandemic and the declared state of emergency, which allowed
the education system to successfully pass into remote operation. The changes in the PSEA from
2020 regulate distance learning in an electronic environment and ensure the continuous
education of children and students in various extraordinary circumstances — flu vacations,
climatic or other factors.

Information is an essential part of knowledge, and through information technology we
systematize, store, process and use this information. The modern digitalization of education
automates these processes and thus improves the educational environment, supports teachers,
prepares and facilitates access to digital educational resources, supports the implementation of
innovative learning methods and approaches. The main goal of the use of ICT in education is
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to achieve higher results of learners to become a driving force of society and the economy of
the country.

1.2. Stages of development of information technology in education.

Tracking the development of ICT and the relevant training methods can be schematically
separated into five stages. The decoupling of the stages was made on the basis of the
development of innovations which also influenced the development of education, which is
presented in Figure 1.1.

o
¢\\c
&
&
A &
&
Vatenine aa c¢ parbipar speikire é\‘ w.»1"? Texuoaoruumn nuopaumn
MLty ofIaCTITE HA ZHANME 1t ,\«3 s\ )
nocTpoiikiTa i yueGna cpeaa 4 ’(.‘* &.}é\' 2000 1.
& 5
SR
,-)-‘\\-:9 & &% BIaKMHS BPBIKD MCAITY
S & ~ Pesomowonn nnosau
_,.p.? & . CHALPAIMHETO, ROHTERCTA
Hasenenme va umnnre @ 1990s “s. 1 choBmecTroTo
orwomenHA N fen “u DYHIAMECHTLTHH NV IHH
COUMATHIA MOIEN =~ . _Hurepuer vexnonorin
~ PCSYATATI I KANCCTBCHO
e Paznpenencrie pa
~ N B b2 HIMCHCHIIC MO HIIER
; 1980s A WEB cnyxture
Onpeacasne na .. xS - HITEPANTIBHOCT,
ONTHMAINTE KOTHITIBHOCT, TMepeonamm xkormorpa 5 .

p. N - " k - cBBMECTIR padora,
Passutie na kpurimeckoro .. »,  Cranpsprima,
A

§A0MMCCRO MICIICHT . oy = NEPCONIBUMI
N *, WIPOBOTO ChILPATINE
\ \

1960s A \ \
. e ] i Tpexoa or Memiina
Mpenasae na Ifm‘.““ s N MoGius xoMyHyKaIs1
(haxtin), npouenypi “a . \ v H HAIATEICKD AKTHBHOCT
LY L) ‘
B v % H B 0GyucHIETO
e HikycTeeH HuTCACKT |
b 1
A " v ‘u
3 N ' '
) 1 \ 1 :
1950s-60s 1970s-80s 1990s. 2000- Mopean na oGyucnue
buxcanopuisy Kornuruenism  Koncrpykrusnssy Baanumuo ofamcHie

Figure 1.1. Development of educational technologies (Kozhuharova, 2015).

Based on the notions of modern researchers of education, its development is presented as
a "spillover"” of patterns into each other in a common continuum - from Education 1.0., through
Education 2.0. to Education 3.0, 4.0, etc. This 'pass' from species to species is reflected in Figure
1.2. and assumes that the new types of educational models will correspond to the next stages of
the development of technology and the World Wide Web, with its specifics and projections in
practice.

When we talk about ICT in education, we need to specify what exactly we include in this
concept. The modern understanding of ICT used in education refers to technological tools and
resources that are used to communicate, create, distribute, store and manage information. Also
ICTs that add value to learning processes and the organisation and administration of educational
institutions.
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Figure 1. 2. The relationship between the development of WEB and education.

The introduction of ICT in education running in parallel with the processes in the
development of technology is a subject of research interest, and after 2020 this interest has
increased enormously due to the transition to distance learning worldwide. During this period,
the use of ICT is the only option to continue the educational process. The epidemic situation
turns the whole world into an “experimental field" for the possibilities of technology in
education and other aspects of life. Depending on the problems being studied, we can
distinguish the research as follows:

o Research defining the role and place of ICT in education;

o The advantages and disadvantages of using ICT in education;

o Research that examines innovative ICT embedded in education;
o An overview of innovative technology-based teaching methods.

| analyze and systematize studies from the last 20 years by authors from Bulgaria and the
world. The purpose of this analysis is to get a comprehensive picture of the process of
introduction, use, development of technology in education.

1.3. Analysis and conclusions.

At the moment, practical experience shows that information and communication
technologies have a number of important didactic capabilities, which include:

o the possibility of rapid transmission at any distance of information of any volume,
any form of presentation;

o storing information in the memory of a computer or laptop for the required period
of time, the ability to edit, process, print, etc.;

o the possibility of accessing various sources of information through the Internet,
working with this information;

o the possibility of organising electronic conferences, including real-time, computer
audio conferencing and video conferencing;

o the ability to transfer the extracted materials to your media, print and work with

them when and when necessary for the user.
The most important tasks of the informatisation of education at the present stage:



o development and improvement of educational software packages for teaching
different school subjects;

o adapting ICT to the individual characteristics of the student;

o use of computer-based interactive learning methods;

o integration of different types of educational activities (educational, technical,
research, etc.);

o development of distance learning technologies;

o creation on the basis of network technologies of a single information educational
space of an educational institution, region, country, group of countries;

o the use of ICT in psychological and pedagogical research.

Chapter 2 Research on existing methods and technologies for learning in an
electronic environment.

2.1. Methods and technologies for e-learning.
E-learning is a preferred option for users who prefer to explore a topic independently or
have more daily commitments. During this period, the advantages and disadvantages of e-
learning compared to the previous traditional training presented in Table 2.1 were clearly
highlighted.

Table 2. 1. Advantages and disadvantages of e-learning and traditional learning.

E-learning Traditionally trained
Advantages v’ learner-oriented; v instantaneous feedback;
v’ flexibility in choosing a time and place; v/ acquaintance with everyone;
v’ price-oriented (cheaper); teachers and students;
v’ potentially accessible to a global audience; | v motivating students;
v’ unrestricted access to knowledge; v building a social community;
v’ the ability to reuse and share knowledge;
Disadvantages | v feedback delay in asynchronous e- | v" Focus on the teacher;
learning; v time and place dependence;
v’ increased preparation time for the teacher; | v more expensive;
v uncomfortable for some people;
v’ potentially more frustration, anxiety and
confusion;

Regardless of the chosen form of electronic communication, effective online learning
should include both synchronous and asynchronous methods. In this way, learners and teachers
will be able to benefit from the two different forms, regardless of their schedules or preferred
training methods. On Table 2.2. technologies for the implementation of synchronous and
asynchronous communication are presented.



Table 2.2. Technologies for the implementation of synchronous and asynchronous communication.

E-learning technologies
Synchronous communication Asynchronous communication
v" Chat v" Virtual libraries
v" VolP v E-mail
v" Web conference v" Forum
v Audio podcasts v Social networks
v Virtual Worlds v E-portfolio

v" Multimedia

2.2. Platforms used for e-learning in Bulgaria.
We can characterize two types of platforms that are used for e-learning.

Communication platforms — they are used in synchronous learning and include
technologies such as web conferencing, chat, VolP, audio podcasts, virtual worlds.

Learning Management Platforms (LMS) - are a Set of interactive online services for
creating, presenting, managing and using training content, as well as features for tracking,
analyzing and reporting the results achieved. They automate the process of conducting distance
learning and are a preferred means of achieving the educational goals of various types of
institutions and organizations.

E-learning uses both types of platforms, complements them and provides a better
connection between teacher and students. Most of the platforms allow integration with other
platforms and educational tools available on the Internet.

2.3. Advantages and disadvantages of different technologies.

A major advantage of all platforms and applications is that they provide compatibility
with each other. In addition, most have mobile versions created, allowing flexibility in the
location of users. During the pandemic, it turned out that e-learning platforms are overloaded
with a large number of registered and active users because they were not prepared to maintain
and manage the large number of newly registered user accounts and the new additional data
with learning content.

The different platforms used and their integration with additional tools allow great
flexibility to present the material for study, both through files and presentations, visual clips.
Which can be somewhat difficult for teachers, but also positive for students who can review
and study the material at any time, as well as use it for self-study. The difficulty for teachers is
actually expressed in the initial creation of an electronic material or checking for authenticity,
because it takes time and good computer skills to work with tools and platforms.

In general, most platforms provide similar modules, services and tools. To a large extent,
a key role in the choice of platform is played by well-made design and ease of use of all
functions. The main problem facing the use of e-learning platforms is the need to train more
teachers, then create the necessary e-learning materials. The last step is to activate the role of
parents in school educated and to motivate the education of students and pupils.

2.4. Challenges to e-learning.

The development of technology and the digitalization of education is a challenge for
educators who need to constantly update and improve their knowledge and competences. A
possible solution here is offered by virtual classrooms with simulations included.
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Exercising control over attendance is also part of the challenge of distance learning
because of the necessary equipment on both sides as well as internet connection. For a large
part of the population in underdeveloped countries there is a lack of computers, tablets and other
devices for conducting electronic lessons and home training.

Another challenge is testing and evaluation. Time limit — meeting deadlines. While for
students this should happen at the end of the school year, students have the opportunity to
transfer their exams to the next year. The possibility of developing and disseminating virtual
laboratories is still a challenge and difficult to achieve for all disciplines, but the possibility of
realization in the future is of a person who would allow distance learning to cover an even larger
field of technical and natural sciences.

2.5. Multimedia technologies.

Multimedia Systems and Technologies (MTFs) are designed to provide tools for merging
the information arrays of the classical database with that of sound and graphic information into
a single whole. The addition of sound or interactivity to the information product is necessary
for it to be classified as multimedia. Multimedia is a kind of information product that combines
two or more of the following main elements: text information, graphics (still illustrations),
interactivity (ability to determine the course of action by the user), sound (speech, music),
animation, digital video (moving pictures).

2.5.1. Multimedia in education and training.
Scientific studies have shown that when training with sounds alone, the trainer absorbs
20% of the information presented. When using sound and images in the so-called audiovisual
approach, the percentage of knowledge acquired increases to 40%. And if the trainee is
motivated to perform certain actions, the absorption reaches 80-90%. A multimedia personal
computer offering the ability to work with the listed media is an ideal tool for creating a dialogue
learning system that motivates the learner to perform various actions.

In general, the term: e-learning means education using a computer via the Internet and/or
a local network. More clearly the application of ICT and multimedia in education is presented
with a description of the types and technologies for the realisation of e-learning.

2.6. Project-based learning method.

As one of the methods of active learning (learning by action) in recent years, project-
based learning (PBL) has expanded the boundaries of its applicability and has become a
fundamental element of the education systems of many countries. PBL is a kind of reorientation
of the education system, the demand for new or not so new teaching methods and technologies
to meet the modern needs of the labor market and society. It is a guarantee of the practical
applicability of the educational product.

In the project method, the learning process provides conditions for students to create
products themselves and master experience in creative research activities. It is defined as a
belief system in which learners gain knowledge in the process of planning and executing
successively complicating practical tasks called "projects”. Unlike ordinary projects, PBL
requires critical thinking, solving a real problem and communication between participants.
Students must organize their own work themselves and manage their own path in working on
the project. Withthe reconciliation between traditional learning and project-based learning is
reflected in Figure 2.1.
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eTeacherteaching new knowledge . *The teacher presents a new
*The studentgoes home problem / project

*The student memorizes the new
knowledge

*\Written or oral examination

*The student is seeking information

about the problem
eStudent looking for a way to solve
the problem
*The student presents his/her
decision
eEvaluation

eEvaluation

Traditional learning

Figure 2.1. The process of training in the traditional method and PBL.

A comparison of PBL and the traditional shows differences in the learning process, the
role of the participants in training (teachers and students), the representation of what has been
learnt and assessment. The main advantages that PBL offers over the traditional method of
training are:

e Students associate the learning material with real life.
e The learning material is better absorbed.

e Students' attitudes towards learning are improved.

e Cooperation between students is developing.

e Increases computer literacy of teachers and students

An important advantage of the PB method is that its verbal activity is not so dominant,
but focuses on "learning by action”. These advantages, together with the easy application of the
method in an electronic environment, make it one of the most preferred training methods during
the COVID-19 crisis and the subsequent distance learning (Saad, 2022).

2.6.1. Opportunities to combine innovative trainingmethods with modern training
technologies.

The project-based method is one of the methods of active learning or learning through
activity (Yusmaniar, 2022). As such, it can be successfully combined with other methods of
active learning, in face-to-face or distance learning. In practice, during the learning process,
methods and approaches of learning are mixed, combined.

In project-based training, the emphasis is on the learner, and the goal is the acquisition of
certain knowledge and skills (competencies) by exploring a real problem (problem-based
learning) using interdisciplinary knowledge and skills (STEM), information and
communication technologies (Model 1:1). The project activities are usually carried out outside
the classroom — observation, research, preparation of the final product, and in the classroom the
teacher supports the activity by giving guidance to the students (Flipped Classroom). Thus,
within one project, it is possible to use several educational methods and approaches (Fig. 2.2.),
depending on the theme of the project, the age of the trainees and the final product of the project
activity.
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Figure 2.2. Combination of PBL with other training methods.

2.6.2. Project-based learning as a teaching method in an electronic environment.
Work on the project begins with the formulation of open questions to students. A situation
is created that requires solving a real problem (Shin, 2021). Students are expected to do
research, find a solution to the problem, and finally present to the public the result of their work
(presentation, report, exhibition, site or other specific product).

To achieve PBL results, it must be well planned and with clearly defined goals and
objectives. In this regard, I propose following a technological modular model (Fig. 2.3.), which
will guarantee organised work and high project-based learning results.

~y

e Determining the expected results

"y

® Preparation of leading questions ‘

e Assessment planning ‘

® Project map ‘

* Project management ‘

Figure 2.3. Technological modular model of PBL.
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2.6.3. PBL problems

At PBL, the teacher becomes an intermediary and the students work under his guidance.
This research explores problems related to the creation and management of PB lessons by the

teacher.

The problems that teachers encounter when creating a PB lesson are as follows:

to identify significant issues;

to structure meaningful tasks;

to achieve the development of knowledge;

to form social skills;

to appreciate what students have learned from experience.

The specific challenges facing teachers in PBL are related to:

the choice or construction of situations that presuppose the possibility of good
projects;

the structuring of problems as learning opportunities;

cooperation to develop interdisciplinary projects;

the dynamic management of the learning process and independent learning;

the integration of technologies;

assisting students in giving authentic grades.

For PBL, there are many studies proving the advantages and effectiveness of the method,
ways to apply it, various developments of DB lessons and the results of its implementation, but
there is no comprehensive platform to merge this data and provide it to the user in a convenient
and selected form. In order to disseminate and validate the use of PBL as an integral part of the
curriculum, support materials, guidelines, and appropriate conditions for working with PBL
must be established.

2.7. Conclusions
From the conducted research, we can draw the following conclusions:

The development of education is at a stage where ICT is not just part of the learning
process, but plays the role of a transformer of education.

The innovative methods and approaches that are implemented in the education system
are based on information technologies. This provides new opportunities for inclusive
education. These didactic and technological innovations allow the educational process
to continue in times of crisis, without the constraints of space and time.

The vision of future education is described as interdisciplinary, competent-oriented,
practical and technological. The project-based method is the point of intersection of
all these elements of future education.

Chapter 3 Development of technologies for application of Project-based
learning in an electronic environment.

3.1. PBL platform model.

The research model provides an opportunity for the teacher to prepare and implement a
project-based lesson by following a sequence of steps to create a new project (Chikurteva,
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2020). To create a PB tutorial it is necessary to follow a technological modular model presented
in Figure 3.1.

The management of the project modules organizes the participating modules in the lesson,
making the interconnections between them and providing tools and services for working with
the individual modules. Modules 1 to 5 are the main modules that make up a project-based
tutorial. Each of these modules can be removed or edited according to the teacher's wishes.

The PBL platform must contain a large volume of materials and data on different
directions, subjects and topics. These materials must be checked for reliability. Teachers will
be able to add new materials and edit current ones. The material to the database of the platform
will be: lessons, articles, lectures, electronic textbooks, presentations and videos.

Tools for module creation and editing have been developed. These tools are part of the
module manager. Thanks to these tools, texts, assignments, learning materials and multimedia
content can be easily edited. Evaluation criteria and automated performance checks can be
created and edited.

Module
1
Module Module
N 2
Manager
Module Module
5 3
Module
4

Figure 3.1. Modular PBL system.

Features and services have been developed to gradually check task performance by setting
tags and a template to perform the stages of a project. Also, functions have been developed to
connect between different components from one module to another. In this way, evaluation
criteria or guidelines for the implementation of a project can be set.

Successful implementation of PBL requires a good knowledge of the nature and
capabilities of this method of training. In order to support the activities of the lecturers,
specialized information concerning project-based training is arranged. In Figure 3.2. the
structure whose purpose is to answer the main question "What is PBL" is presented.

15



Definition

Basis Tutorials for project creation

good practices
Organisation consecutive stages
examples

mativation

What is PBL? | - Facilitation organisation
guidance

communication

Applicaiton of ICT search, research
presentation

evaluation

Results distribution

Figure 3.2. Structure of PBL handling information.

One of the important services of the developed platform is the Data Selection Service,
which is presented in Figure 3.3. When creating a new lesson according to set criteria: subject,
class and / or keyword, automatically output information about already completed projects and
learning materials according to the teacher's assignment.

Title,

Maths Keywords
Science

Biology

Physics
Chemistry
Geography —

Hi:fr‘:w Service for - — Clases
data selection

Figure 3.3. Organizing information by subjects, classes and keywords.

By default, the information offered is sorted according to the class and subject where the
keywords occur. In addition, the user can change the ranking criteria according to popularity,
rating, class, subject, date and more. The information in the database is organized by subject
and by class. This makes it possible to differentiate the specifics of the subject, taking into
account the age of the students (by class).

3.2. Application of ICT in the developed model.

The implementation of an PBL portal can be implemented in the form of a website or web
application. For this purpose, the latest ICT in the field of mobile and web technologies, as well
as technologies for working with databases, are used. The model is composed of three main
blocks: databases, a management system and a user interface (Figure 3.4.). Each of these
components plays a key role in implementing the PBL model functionalities described above.
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Figure 3.4. PBL platform architecture.

The database management unit stores all the information that is needed to create a project-
based tutorial and its implementation. The already entered training materials and lesson
templates are stored, the new lessons are recorded, as well as data on the profiles of each
registered user. Data ordering and searching is done by standard database sorting algorithms.

3.3. Interactive features of the developed platform.

3.3.1. Assistant for interactive creation of project-based tutorial (PBT).
An important part of the platform for creating a PBT is an assistant for the creation of a
PBU - a tool that will assist teachers in every stage of the creation of lessons. By asking
questions (concerning subject and cross-curricular links, class, topic, etc.), the assistant will
offer possible answers, provide related information from the database. The main goal of the
"assistant™ is to provide a structured project-based lesson through these questions. The assistant
will have three sections of issues - organizational, operational and evaluation (Figure 3.5.).

/‘

» topic selection

» teaching staff

Organizational » goal setting

o defining tasks

» formation of working (student) teams

k'

» work plan - initial and final term
» rules for work during the project

0 LEHHE IS « final product - form and presentation of the final
product

o distribution of tasks to team members

Evaluation

Figure 3.5. Main components of the teacher support assistant.
3.3.2. General interactive features for working with the platform.
The functionality of the developed platform includes the following capabilities:

- Create accounts - user and administrator. The idea is for users like students to have
accounts with a username - first name and password faculty number, and for students
- their first name, password and class. The administrator account will be for use only
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by teachers, the goal is to track user activity, to have paths to show which user has
logged in where, what they were interested in and with the help of this tracking
administrators to be able to direct users to the next category that meets their demand
and learning;

- ability to upload files, documents, clips, tests in all common formats to have access
to them;

- possibility of real-time correspondence between users and administrators;

- automatically target users under each topic what else would be useful to them;

- automatic generation of scoring tables so that users can make an up-to-date self-
assessment;

- creating a set of questions or tasks to support and guide students' work;

- A section with the most frequently asked questions by the students and the
corresponding answers from the teachers. Ask a new question;

- the ability to download the materials in order to be useful to users at any time, even if
they are not connected to the Internet or the platform;

- a field with the available logged in accounts (active users of the platform) for the
purpose of informing both parties;

3.4. Content management system and software architecture.

The software architecture is based on the client-server principle (Figure 3.6.). In this
architecture, the main part of the system is the Backend server which provides everyone with
access to the content through a Web interface.

Backend Server

Client j————» - WAN <, €—— Client
|\. __.z:
/ .-_.\."" — -"'/_ \
Client / '\ Client
Client Client
Client Client

Figure 3.6. General software architecture.

Figure 3.7 presents the overall architecture of the Webbased Education Platform. In the
proposed architecture, all important parts are divided into independent services that will be able
to communicate with each other through an internal interprocess communication interface.
The architecture has two types of databases: for storing information about customers and for
storing information about courses. The client database will store information such as -
username, passwords, university, courses, etc., all related information about the client,
including their role in the system - student, teacher, administrator.
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In addition to this, there will be a Database Manager (DB Manager) that will send all
queries to both database blocks, similar to a router. This approach eliminates the possibility of
getting a race when simultaneously sending requests and attempting unauthorized access to
both databases.

Courses
| DB |
\

ourses DI

DB Manager e I— SEreE
A \/

Courses Users Tracking X
Manager Manager Service Manager
¥ ¥ v ¥ ¥
[ Inter process communication interface |
User Connections Login

@EE S . a?

WAN

Figure 3.7. High-level software architecture.

3.5. Automate the process of creating a project-based tutorial in a web-based educational
platform.

The main idea is to create a web-based educational platform specifically for project-
based learning to help teachers. The platform offers specialized literature, sample projects,
the opportunity for correspondence between teachers and students, teamwork and support
for the creation of project-based lessons and the application of the method in different
subjects. The main advantage of the platform is the automated creation of a project-based
tutorial through a sequence of steps. Figure 3.8 presents the process of creating and running
a project-based lesson in a web-based educational platform. The individual stages are
developed and detailed below.
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Figure 3.8. Stages of a project-based tutorial.
3.6. Development and presentation of an interactive PBL platform.

3.6.1. Results

An initial test version of the user interface has been developed. The homepage is shown
in Figure 3.9. For easier operation at this stage, two buttons are available Log In and
Registration. When selecting the registration button, the window presented in Figure 3.10
opens. Here each user enters the following data, such as: account type, email, password. After
sending a registration request, it is confirmed by an administrator. When the registration is
confirmed, an email is automatically sent to the user for activation.

PBL platform \

-
\‘\
PROJECT-BASED LEARNING

'
1 L

Figure 3.9. Home page of the web platform.

lam: Teacher v

Email

Enter Email

Password

Enter Password

Repeat Password

Repeat Password

By creating an account you agree to our Terms & Privacy.

Figure 3.10. Registration form in the platform.

20



Once the user "logins" into the system, according to the type of profile (teacher or student)
there are different options. Here we have presented the profile of the teacher and more
specifically part of the interactive assistant. Figure 3.10 shows a first step of establishing a new
PBT, where the project theme is introduced (Fig. 3.11).

Once the project is created, the assistant generates two files. One is the one with the
information about the project - title, participants, goal and others. The other is a table with data
on project participants by teams and evaluation of the project implementation according to the
following criteria: cooperation, distribution of tasks, content mastery, creativity, deadline,
presentation. At the end, a final score is formed, obtained from the summation of points
according to all criteria. Each student in their profile can check the points and marks given by
the teacher and the team, as well as self-assessment. The presentation of the files is displayed
in the interface in the form, using features in HTML, CSS and JavaScript.

PBL platform

+ New project Projects in Progress Project Library

PBL Assistant for Interactive PBL creation

Mpernef Ha no-ronAMa KapTa
A3ma

cencens G ENTER PROJECT TITLE

AMEPUKA

AOPUKA .
My new PBL project
S
AMEPUKA

ﬂ

Knasiuni xowbunaumn | Kaprorpadekn gskun | Yenoews 3a nonzsa

Figure 3.11. Creation of the PBL project in WebUI.

3.7. Conclusions
A web-based platform model for the application of PBL in electronic environment has
been developed. An architecture of the platform has been developed to provide security and all
functionalities for optimal performance. An interactive assistant for automatic creation of a
project-based tutorial in the platform has been developed and presented. Results from the web-
graphical interface and the stages of creating lessons are presented. The results achieved are
due to the application of web technologies.

Chapter 4 Development and application of specialized educational
resources for work in an electronic environment.

4.1. Software tools and applications for creating digital resources in robotics.

In the process of creating educational resources for robot simulation and control, we
identified three types of applications: modeling, programming and simulation. Based on the
types of applications, we can define three steps to create and operate simulation models: robot
and simulation environment modelling, program (software) development for control, and tests
in a simulation environment.
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4.1.1. Development of a robot model.

To create a model of a robot, we need to make a full description of its components and
the relationships between them. In order for ROS to understand this model description, the
information is described in a file with the extension "xacro". Typically, three files of this type
are needed - one to describe a robot, one to describe the materials and one to describe the
specific characteristics of the units. An additional file is added." gazebo" to represent the
simulation model. This file describes some simulation parameters, adds controllers, sensors and
all robot characteristics. The programming language for the robot description in all files is
XML. All these four files are placed in one folder as the main file with the robot description
starts the others and is used to run the robot in the simulation and in the ROS.

The main and important files are that for the robot description and that for the simulation.
In the first file, we need to describe the parameters and location of the robotized platform,
wheels, camera and laser scanner. It should be noted that only the physical parameters of the
robot are described here. Initially, each part of the robot is described, and in the code below is
the description of its basis.

<link name='chassis'>
<pose>0 0 0.1 0 0 0</pose>
<visual name='chassis visual'>
<origin xyz="0 0 0" rpy=" 0 0 0"/>
<geometry>
<cylinder radius="0.2" length="0.05"/>
</geometry>
<material name="orange" />
</visual>
<inertial>
<mass value="15.0"/>
<origin xyz="0.0 0 0.08" rpy=" 0 0 0"/>
<inertia
ixx="0.5" ixy="0" ixz="0"
iyy="1.0" iyz="0"
izz="0.1"
/>
</inertial>
<collision name='collision'>
<geometry>
<cylinder radius="0.2" length="0.05"/>
</geometry>
</collision>
</link>

After a description of the physical parameters of the robot, the parameters for the
simulation model such as the device and the platform control, the characteristics of the camera
and the laser scanner should also be described. Different control and drive plugins can be used
in Gazebo. We'll use the differential drive plugin. To add the plugin, we use the following code.

<plugin name="differential drive controller" filename="libgazebo ros diff drive
.so">
<updateRate>$30</updateRate>
<leftJoint>left wheel hinge</leftJoint>
<rightJoint>right wheel hinge</rightJoint>
<wheelSeparation>0.40</wheelSeparation>
<wheelDiameter>0.16</wheelDiameter>
<wheelAcceleration>0.0</wheelAcceleration>
<wheelTorque>5</wheelTorque>
<commandTopic>cmd vel</commandTopic>
<odometryTopic>odom</odometryTopic>
<odometryFrame>odom</odometryFrame>
<robotBaseFrame>chassis</robotBaseFrame>
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<odometrySource>1</odometrySource>
<publishWheelTF>true</publishWheel TF>
<publishOdom>true</publishOdom>
<publishWheelJointState>true</publishWheelJointState>
<legacyMode>false</legacyMode>
</plugin>

</gazebo>

Once the descriptive files for the robot and sensors are created, a new file must be created
in which to run the simulation model as well as the environment. If the robot model is run on
its own, it will be in an empty environment. For this purpose, a file with the extension "world"
must be created. This file stores the information about the created simulation environment. We
can save such a file directly from the Gazebo menu at any time when the simulation
environment is ready to be used. Figure 4.1 shows the robot model in a simulation environment.
When the necessary simulation files are already available, a file must be created which first
starts the simulation environment and then the robot model itself.

Figure 4. 1. Developed model of a robot in a simulation environment.

4.1.2. Experiments and results.

As we describe and investigate the development of educational materials and resources
for robotics training, we conducted basic experiments. The aim is to confirm that the developed
model and environment for the simulation of mobile robots, works properly and can be used
for training students.

The first experiment was to control the robot via a control node via the keyboard. This
will confirm that the robot is moving and that any node that publishes the topic of movement
will be able to control the robot.

The second experiment is to visualize a video stream from the robot camera. This will
show if we have a functioning simulation camera. Camera data can be used to recognize objects.

The third experiment involves tests with a laser scanner. The sensor data should delineate
the environmental contour and can be used to apply localization and navigation.
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Figure 4.2 shows a list of published commands from the topique to the robot. You can
see the format of the messages, as well as the published data. Figure 4.3 shows the robot in the
simulation environment and in an additional window to the right is the video from the camera.

OB+ Z|n alkn]e.

Figure 4.3. Second experiment: visualization of the video stream from the robot camera.

The obtained results show that the described methods and programs for creating and
working with simulation models in a simulation environment are applicable and working. These
methods can be used to create a different model of robots - mobile platforms or robotic
manipulators. Using the methods described, various sensors can be simulated so that the real
robot can be fully recreated and simulated.

4.1.3. Conclusion.

The created model of a simulation environment and a mobile robot is formed in a single
package, which can be executed on any of the current ROS distributions installed on each
computer. The development of ready-to-use simulations of fully equipped robots allows the
widespread use of robotics in educational environments. The ease of use and modification of

24



simulation models allows teachers to lead highly effective and useful courses. As ICT advances,
these teaching methods will develop significantly and become standard practices.

4.2. Simulation Applications in Electronics.

4.2.1. Experiments

The scheme that will be covered by the experiment is a symmetrical multi-vibrator, also
known as Cat eyes. The vibrator is shown in Figure 4.4, referred to as Sch1. The behavior of
this circuit is simple — it charges and discharges the capacitor (C1, C2) and the LEDs (LED1,
LED?2) are illuminated according to the charge in the capacitors. For drawing and simulating
Schl we use an online tool which is available and free of charge: https://easyeda.com. Figure
4.5 shows the diagram in Figure 4.4, but on a prototyping board. The two implementations of
the scheme are identical and tests for their operation can be performed.

3.3V
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Figure 4.4. Schematic of Schl in easyeda.com Figure.4.5. Schematic of Sch1 on the prototype
board.
From the measurement made with an oscilloscope after applying a DC power supply of 3.3V
to the schematic, we can see that the given circuit produces waveforms from charging and
discharging the capacitors (Fig. 4.6).

Presfu Moise Filter Off

B oo S0y fl40.0ms | R 154410 |
Figure 4.6. Sch1 measurements from a Tektronix oscilloscope and schematic on the evaluation board.

Given a simulation evaluated at easyeda.com, we can see the same results shown in Figure
4.7.
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Figure 4.7. Sch1 measurement in a purely numerical environment with simulation.

Looking at Figure 4.6 and Figure 4.7, we can conclude that in some cases the use of
simulation to test basic circuits and even complex is an excellent solution. This online simulator
can be used both to measure the voltage and to reduce the voltage over the components, which
is very useful to explain that in the real-world electronic components are not “perfect”, there is
a drop in voltages which are sometimes deposited from each other. For example, the voltage
drop of the transistor can vary from 0.3xxV to 0.7xxV, and this depends on the way and
technology that is used in production. This can be illustrated and explained. The second circuit
represents a transistor as a switch; This is labelled Sch2. Figure 4.8 shows the scheme in the
simulator. Figure 4.9 shows the real representation of the scheme.

R1
200
% LED1
V2 s1
2
S Tok
Q1
2N2222 Vi
R3 3.3
22k
GﬁD = L
GND GND
Figure 4.8. Sch2 in easyeda.com Figure 4.9. Sch2 on a prototype board.

4.2.2. Conclusion.

As can be seen from the measurements and simulations made, distance engineering
training is not entirely impossible. The measurements made prove that the simulations are close
to the actual measurements and can be a reliable source of information for further research and
production. In addition, we can say that due to the large set of libraries with different
components in simulators, students can recreate many different schemes without the need to
buy physical items that are difficult to access or dangerous to operate.
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4.3. Sample lesson on the method of project-based learning combined with an innovative
method Flipped classroom and use of Virtual Reality.

The presented lesson in Zooengineering shows the possibilities of project-based learning
to increase the interest, participation and competencies of zooengineering students. The model
of the project-based lesson is designed so that in the different stages of the lesson, different
learning methods and technologies are additionally used. Table 4.1. contains the basic data for
a project-based tutorial.

Table 4.1. Basic data for a project-based tutorial.

The Project-Based Lesson
Professional field Livestock farming
Specialty Zooengineering
OCsS Bachelor
Discipline Animal nutrition
Theme Nutrition of growing calves
Number of participants / stage 16 / 11 year, IV semester
Stages of implementation of the project Organizational, operational, productive
Other methods Flipped classroom
Technologies used VR/AR, Multimedia, Cloud Technologies

4.3.1. Organizational stage.
Set a project theme

With the help of a question, we introduce students to the topic **"What do we need to raise
a quality heifer?" Using VR/AR technology, we show in real size what the height and weight
of calves should be during the different stages of their growth.

Cross-curricular links
Disciplines that relate to the topic of the lesson.

e Anatomy, morphology and systematics of forage crops;
e Introduction to animal husbandry;

e Anatomy of domestic animals;

e Technology of cattle and buffalo breeding;

e Fodder production, etc.

Purposes

General objectives — developing teamwork, tolerance and mutual assistance skills
Educational objectives — Development, enrichment and consolidation of the
knowledge of feeding cattle; distinguishing the different stages of calf growth and the
corresponding physiological needs; specifics of feed and supplements for cattle.
Currectional goals — the formation of creative thinking, tolerance and listening.
Teams

The students are divided into four teams.
Tasks

Research task of the teams.
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| team — Study of the norms of proper nutrition and development of adolescent
animals aged 4 to 6 months. Presentation of a report, presentation.

Il team — Study of the norms of proper nutrition and development of animals in
"puberty” at the age of 6 to 12 months. Presentation of a report, presentation.

[11 team — Study of the norms of proper nutrition and development of pregnant animals
at the age of 12 to 22 months. Presentation of a report, presentation.

VI team — Study of the norms of proper nutrition and development of animals in a
"close -up" at the age of 22 to 24 months. Presentation of a report, presentation.

Tasks distributed among team members.
| team

Name 1 — collection of information on the permissible limits of daily gain of the
animal, in grams (e.g. — 1000 grams per day). Shaping the information into a report.

Name 2 — collection of information on daily ration requirements in MJ ME /kg
(megajoule metabolic energy per kilogram) and crude protein intake in %. Shaping the
information into a report.

Name 3 — collection of information on daily dry matter intake in % bw. Shaping the
information into a report.

Name 4 - collecting information about the risk of excessive deposition of body fat and
the consequences thereof. Assessment of the body condition of animals during the period.
Shaping the information into a report.

In the specific project, each team follows repeats the tasks of the team members, as
the task is to study daily rations, growth, risk of obesity during the different stages of
adolescent calves. This implies a study of the same animal parameters, but different results,
depending on the age of the calves.

Rules

The rules in the PBL process originate from the educational and educational
objectives of the training. It is imperative to observe the right to: listening, open feedback,
personal messages, constructive criticism, tolerance and willingness to compromise,
frankness, responsiveness.

Plan of work and time frame
The project is implemented within 6 school hours.

4.3.2. Operational stage.
The teams carry out the main activities. Observations, collection and selection of

information is the exploratory and analytical part of the stage. Work on the final product
constitutes the practical concluding part of the operational stage. This is where we include the
Flipped Classroom method, as students will carry out the activities outside of class. During this
period, the teacher is available for questions and difficulties in the project work. In the
classroom, the questions that have arisen during the research activity are discussed, a solution
is sought. The teacher acts as a mentor, facilitator assisting, directing the activities of the
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students, and not providing ready-made information. Thus, they themselves come to
knowledge, through research, in order to solve the set task.

4.3.3. Productive stage.
The finalization of the final product is carried out through the presentation of the work
done through presentations. In this particular case, we have chosen presentations, but the final
product may be different, depending on the type of project.

Evaluation

The assessment is three-component — self-assessment, team assessment and teacher
assessment presented in Table 4.2. The table contains the names of project participants by team
and evaluation of project performance according to the following criteria: cooperation,
distribution of tasks, content mastery, creativity, deadline, presentation. At the end, a total
number of points is formed, obtained by summarizing the points according to all criteria.

Table 4.2. Scoring table to complete the project.

Teamwork | Distribution of Content Creativity Keeping Presentation | Evaluati
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The table contains data on the students participating in the project, distributed by teams.
The final assessment is formed on the basis of points by the teacher, the team and self-
assessment according to the following criteria: cooperation, distribution of tasks, mastered
content, creativity, deadline, presentation. The possible number of points is from 0 to 2 points.
The transformation from points to score is in accordance with a six-point rating scale valid for
Bulgaria (Table 4.3.).
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Table 4.3. Scale for converting points to scores.

Criteria- points Number of points Evaluation
30-36 Excellent 6
The criterion is covered 2 points 24-29 Very Good 5
The criterion is partially covered 1 point 18-23 Good 4
The criterion is not covered 0 points 12-17 Medium 3
0-11 Skinny 2

Result:

The results of the conducted research show the potential of the project-based method for
combining different innovative methods and technologies in the training process. The
application of the method gives freedom of choice to the teacher and student in the educational
process, which encourages creative thinking through creativity and innovation, helps to build
the key competences of the 21st century.

4.4. Experiment: Application of project-based learning in school education.

The theoretical basis of PBL implies a variety of benefits for learners when properly
applying the method. Acquisition of knowledge, skills and competencies enshrined in modern
educational documents at national and European level — developing skills for self-organizing
learning and project work, teamwork skills, problem solving, creativity, tolerance, taking
personal and collective responsibility, etc. But in practice, these positive results are not always
present. Several factors influence the successful implementation of PBL.:

e socio-cultural characteristics of students;

e the education system in the country;

e the preparation of the teacher and his/her skills for motivation and management of the
project;

e the willingness to participate in collective work and the effort of students (teamwork);

e the ability to compromise for the sake of the common good (the team) and others.

In order to verify and confirm the theoretically set benefits and results of PBL, an
experiment was conducted in a real learning environment. The experiment was conducted at
Druzhba School — Sofia during the academic year 2021 -2022 for a period of one month
(February), in the subject Geography and Economics in Population sections; Villages; General
government in 10A and 10B grades (24 16-year-old students). The implementation of the
project work, communication, presentation of the results was supported by the Classroom
application of Google Workspace for Education (Fig. 4.10.).
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Figure 4.10. PBL in Google Classroom.

During the implementation of the PBL, the following problems were identified:

direct refusal to participate in the project;

refusal to work in a team and willingness to participate independently;
failure to meet the deadline;

refusal (concern) of presentation and public presentation;

difficulties in the production of the final product (presentation);

Not following the teacher’s instructions.

As we have already explained above, PBL assessment is specific to the Bulgarian
education system, which is rather theoretically oriented and the student's assessment is based
on acquired knowledge rather than skills. The measurement of knowledge is done by written
and oral tests, where the pupil reproduces the knowledge and skills he has acquired.
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Figure 4.11. Submitted results from PBL in Classroom.
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PBL is a method based on a competency approach to training, i.e. here skills and
competencies acquired and shown by the student during his work on the project are evaluated.
The final product is evaluated according to precisely defined criteria, but also the "way" by
which the student has reached the final exact according to the applied criteria (Table 4.2.). New
for the Bulgarian educational system is the three-component assessment — self-assessment,
team, teacher. It implies skills of self-criticism and self-evaluation, at the expense of the
student's final assessment. In the experiment, there was a tendency for maximum student self-
assessment, regardless of the result achieved and the clearly unfulfilled criteria — such as
meeting the deadline (Fig. 4.11).

The main advantage of PBL is the teamwork of students. In this particular case, the
following problems related to teamwork were distinguished: refusal to work in a team,
expulsion of a team member, non-fulfillment of the individual tasks of team members and
taking them over by others, incorrect assessment of the team (in consideration with friendly and
unfriendly biases), division into "capable and unable" coalitions of students, spoiling friendly
relations and others.

Measures taken by the teacher, in this case in the role of mentor and facilitator to
overcome the difficulties in the implementation of PBL are:

o further clarification of the nature and benefits of the project-based method;
e additional motivation, individual consultations and support;

e Conversation with a class teacher;

e risk of poor evaluation.

The problems encountered during the experiment were overcome and the training was
completed successfully. This is confirmed by the positive assessment of the management of
PSS "Drujba™ — Sofia with their invitation to share good practices in school education to the
pedagogical staff of the school in Sofia and the one in Plovdiv.

A key indicator of the benefits of implementing project-based learning is the higher
results of learners shown in Figure 4.12.
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Figure 4.12. Average score from a written test in a traditional method and a project-based training
method on the same section.
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As | mentioned above, the experiment was carried out in the academic year 2021 - 2022
for a period of one month (February), in the subject Geography and Economics in sections
Population; Villages; Government in two 10 classes.

Figure 4.12 presents data on the average score of six different 10th classes for the period
of three school years placed on the specific section. The columns in blue on the chart represent
the grades from the 2019-2020 school year, when the training was conducted using the
traditional training method and the grades were obtained by written testing. The average score
of both classes is in the range 4.50 — 5.00 (Good).

In the diagram in Figure 4.12, the columns in yellow represent the average marks from a
written test, after completing the section taught using traditional teaching methods, but in an
electronic environment in the 2020-2021 academic year. The average grade is higher than that
of the previous year — in the range 5 — 5.50 (Very good). The increased average score may be
due to e-learning during this period. Verification and control of knowledge in an electronic
environment show a higher average grade in all disciplines in upper secondary education. This
topic is controversial and is the subject of numerous studies, but in my opinion, a major factor
for higher success in electronic exams is the low level of control by the teacher.

The last two columns of the diagram in Figure 4.12 present the average grade of two
classes of project activity by the PBO method, after completing the section, in face-to-face form
of education in the academic year 2021 — 2022. The average grade is higher than that of the
previous two years — in the range 5.50 — 6.00 (Excellent). From this comparative diagram we
can conclude that in this case, project-based training gives a better result, with a pronounced
difference and trend Good — Very Good — Excellent (Figure 4.13).
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Figure 4.13. Average score from written testing in traditional method and project-based training
method on the same section over three school years.

This upward trend in the average grades of the classes is maintained in the annual
assessments. The average annual grades are over 5, in the column Very good and Excellent
according to the six-point evaluation system. This shows that, even on just one section, project-
based training carried out has an impact on the final annual assessment of learners (Figure 4.14).
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Figure 4.14. Average annual assessment in Geography and Economics of 10th grade over a period of
three years.

After the end of the experiment, an anonymous survey was conducted among students in
grades 10A and 10B from the 2021-2022 school year, through Google Forms. The results of
the survey showed (see Appendix 2 of the Dissertation):

*95% of students would study by the project-based learning method and by another
subject (answer to question 2 of the questionnaire);

*The main advantage of PBL compared to the traditional one is its interdisciplinarity
(answer to question 3 of the questionnaire — Appendix 2 of the Dissertation). While students
are working on the project, they use knowledge and skills from many other subjects, such as
Information Technology, Bulgarian Language and Literature, History and Civilizations,
Biology and SA, etc.

*Project work implies the use of a larger volume of educational resources. In recent years,
electronic resources have been preferred by learners. This is also shown by the survey, in
response to questions 8 and 9.

« In project-based learning, the use of ICT is a basic necessity, as technology supports
every stage of the planning, implementation and presentation of project work. We can even say
that PBL is not only a competence-based method of active learning, but that it is also a
technology-based method.

From the specific experiment we can conclude that all advantages of PBL can only be
manifested when the method is correctly applied. Otherwise, these advantages can become
disadvantages. The solution of the problems arising in the application of the method require
rethinking and adaptation to a specific socio-cultural environment and educational system. This
is largely the responsibility of the tutor and reflects his or her training, skills and willingness to
apply the project-based method.
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CONCLUSION

Information technology plays a major role in the development of modern education. The
research and development carried out in the dissertation proves the wide application of ICT in
every aspect of the educational process. Technology is at the heart of modern educational
resources, innovative methods integrated into teaching and learning processes, overall
administration and management of education. The use of information and communication
technologies also changes the role of the teacher, as well as communicating and connecting
with learners.

In the dissertation, research on basic problems in contemporary Bulgarian and world
education was conducted. The discussed problem areas are related to the integration of ICT in
the educational process - design and development of systems and educational platforms, ICT
for the application of project-based learning, development of e-educational resources and
technologies for e-education. Research and development in the dissertation contributes to
supporting educators and improving the quality of the educational process.

A specialized web-based application platform for the project-based method has been
developed. A specialized software architecture for the platform has been developed, which
guarantees maximum performance, high safety and expansion and upgrade capabilities. The
platform has developed and integrated an interactive assistant to support the work of teachers
in the process of creating and managing project-based lessons, allowing the use of various
digital resources and enabling the application of other educational methods and technologies in
different combinations.

With regard to educational resources, three developments are presented. The first
development is related to the creation of simulation models of robots and sensors. These models
are open source and can be modified and applied in different courses. The second development
presents the capabilities of stimulation software with application in electronics. It gives realistic
results and is reliable to operate. The third development is a sample lesson based on PBL and
upgrade capabilities. These resources can be used in various trainings and serve to create new
project-based lessons.

Future research on the subject of the dissertation includes research and development of
various ICT-based applications to improve other innovative methods and technologies in
education.
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Contributions to dissertation

In view of the work carried out in the dissertation and the results obtained in the course of
the research and outlined above, the following scientific and applied contributions can be
formulated:

A model of a system for the implementation of project-based training has been
developed, which allows to improve the skills of learners in a given subject area;

A project-based lesson has been developed using an innovative method Flipped
classroom and augmented reality, which allows a numerical assessment of the skills of
the learners;

A model of an automated interactive assistant integrated into the project-based learning
application system has been developed, which assists teachers in creating project-based
lessons;

Digital educational resources for robot simulation and control have been developed,
which are used in algorithm validation and testing and robotics training;

An empirical comparison of learners' success with and without applying the developed
model for project-based learning has been made. The results show an increase in
learners' success in using the developed model.
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