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Structure and main content of the dissertational work

The dissertational work includes:

introduction: object, subject, hypothesis of the research; goal,
tasks and methods of researching; two chapters — theoretical staging of
the problem and designing of the experimental model;
conclusions from the dissertational research; list of used sources;
applications.

The volume of the dissertational work is 268 pages, from which
238 pages main text, used sources from 124 titles, 31 of which are in
Latin, applications of 16 pages.
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Introduction

Developing entrepreneurial competence at lower secondary
school is integrated into the curricula of Technology and
Entrepreneurship as part of the school subject and it follows the
educational strategic objectives. Besides gaining knowledge and
acquiring skills in this field of education, it is necessary for students to
develop certain qualities, defined as essential by a lot of
entrepreneurial researchers. The traditional method of education does
not provide various opportunities for creating entrepreneurial qualities
and skills. The initially low motivation for studying that part of the
school subject related to  developing students’ financial literacy and
economic competence in lower secondary education makes the
problem worse. This study analyzes the interactive teaching practices
(technology, method, process, activity) in two aspects:

- developing a curriculum content for active interaction;

- implementing of this curriculum content in education;

The curriculum content provides its presentation in a digital
way that gives an additional opportunity for software specialists to
realize already created branched dialogue interactions, puzzles,
entrepreneurial ideas and decisions for their performance as part of
interactive and multimedia products and even as 3D interactive game
scenarios in which the level of interactivity exceeds the limits of a
traditional classroom as a result of using virtual reality capable of
simulating various situations and terms inaccessible in the classic
model of teaching. In the developed model of forming entrepreneurial
competence, creation and implementation of a 3D virtual reality,
based on open-source software products have been established and
that 3D virtual reality is supposed to be a basic model for creating
such an interactive digital 3D content. Sample games in the field of
entrepreneurship have been realized.



Research objectives, subject and hypothesis. Research purpose,
problems and methods

Developing entrepreneurial competence in lower secondary
school is integrated into the curricula of Technology and
Entrepreneurship as part of the school subject and it follows the
educational strategic objectives. Besides gaining knowledge and
acquiring skills in this field of education, it is necessary for students to
develop certain qualities, defined as essential by a lot of
entrepreneurial researchers. The traditional method of education does
not provide various opportunities of creating entrepreneurial qualities
and skills. The initially low motivation for studying that part of the
school subject related to  developing students’ financial literacy and
economic competence at Lower Secondary Education makes the
problem worse. This study analyzes the interactive teaching practices
(technology, method, process, activity) in two aspects:

- developing a curriculum content for active interaction;
- implementing of this curriculum content in education;

The curriculum content provides its presentation in a digital
way that gives an additional opportunity for software specialists to
realize already created branched dialogue interactions, puzzles,
entrepreneurial ideas and decisions for their performance as part of
interactive and multimedia products and even as 3D interactive games
in which the level of multimedia exceeds the possibilities of a typical
classroom as a result of using virtual reality capable of simulating
various situations and terms inaccessible in the classic model of
education. In the developed model of forming entrepreneurial
competence, creation and implementation of a 3D virtual reality,
based on open-source software products have been established and
that 3D virtual reality is supposed to be a basic model for creating
such an interactive digital 3D content. Sample games in the field of
entrepreneurship have been realized.



Scientific novelty of the research

New technology trends and paradigms in entrepreneurship
education at lower secondary school have been analyzed.

Model of interactive practices for enhancing students’
entrepreneurial competence in lower secondary education has been
developed.

Basic 3D Modelling Software for digital interactive games has
been developed.

Theoretical significance of the research

The theoretical significance of the research concerns the
systematic review of educational technology and revealing the essence
of applying interactive practices.

Practical significance of the research

The practical significance of the research concerns the
opportunity summaries, conclusions and recommendations, stated in
the dissertation research to be used in teachers’ professional activity, it
also presents specific aspects of students’ education in the field of
entrepreneurship in lower secondary school.

Research aim

The research aim is to show, motivate, and verify
experimentally the opportunity for using/applying the interactive
practices in teaching the school subject “Entrepreneurship and
Technology”.

Research objective

Research objective synthesizes students’ education in learning
Entrepreneurship and Technology in lower secondary school.

Research subject

The subjects of this research are the interactive practices in the
process of developing entrepreneurial competence of students from



5"-7" grade and building their applied model in the framework of
education.

Research hypothesis

A hypothesis, based on the idea that the efficiency of gaining
entrepreneurial competence could be improved by creating a model of
education through developing and implementing interactive practices,
has been set as the basis of the research. The hypothesis is based on
the assumption that the efficiency of achieving entrepreneurial
competence will be improved if:

- theoretical-methodological basis of implementing interactive
practices are developed,

- a classification of interactive practices in education in the
context of students’ self- realization and professional competence is
defined;

- a complex of pedagogical conditions for using interactive
practices in education is developed;

- a model for implementation of interactive practices in
education is created,;

- principles of providing and using interactive practices in the
process of developing students’ entrepreneurial competence.

Research tasks

The tasks of the research are:

- theoretical-methodological basis of using interactive practices
to be defined;

- a classification of interactive practices in education in the
context of students’ self-realization to be created:;

- a complex of pedagogical conditions for using interactive
practices in education to be developed;

- a model for implementation of interactive practices in
education, providing compatibility with its digital realizations to be
built;

- principles of using interactive practices while developing
students’ entrepreneurial competence to be defined.



Research methods

The following methods and activities have been used for
realization of the research goals:

-an analysis of the curriculum at Lower Secondary School,
including section “Economy”;

- pedagogical monitoring of the educational process;

- talks and discussions with learners;

- applying of role games with a pre-designed scenario and using
of non-linear branching dialogues;

- doing tests and surveys in the classroom;

-applying of teaching experience in Entrepreneurship and
Technology lessons.

Chapter 1. Theoretical formulation of the problem

With the development in the field of science and human
activity, it becomes necessary the emerging phenomena and objects,
their links and connections, the previously unknown properties and
signs, possible actions and appropriate responses to these objects to be
named. Such interactions are characterized by creating various
interconnections, the reflections of which are identified as a concept in
human mind. The philosophical concept is considered to be a form of
thinking, according to which objects are differed and generalized in
agreement with their significant characteristics. In psychology, one of
the definitions of the word concept is “a unity of essential properties,
links and relations of objects or phenomena, reflected in thinking.”
(Burov 2018:37).

The mechanism of formation concepts and their structures is
closely related to understanding their meaning. One of the factors,
necessary for more effective education, is the successful integration of
the new concepts into already existing learner’s conceptual system.
Improving abstraction of the new concepts is typical for the
development of civilization, as in the emergence of a new concept an
increasing number of already existing concepts is integrated into the
conceptual hierarchy (Burov 2018). Education needs a good
understanding of concepts at a lower hierarchical level at the base of
the conceptual hierarchy. One of the methods for revealing the essence



of the concept is following the hierarchical conceptual structure that
could correspond to the historical development, reflected in a
particular activity or a scientific field.

1.1 Conceptual-categorical basis of the research are:
“education”, “education technologies”, “interactive practices in
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education”, “a model for developing an entrepreneurial competence”,
“virtual game environment”, “delayed interactivity”, “mini game” or
game in a game, “interactive screen”, “interactive screen”,

“information technology in education”, etc.

A complex of theoretical methods and interactive software
simulations in a 3D virtual environment have been used in the
dissertation research, and the importance of the used basic concepts is
defined as:

- A model for achieving entrepreneurial competence is
interpreted as a conceptual model for implementation of interactive
practices in education, providing compatibility with digital
realizations, based on constructivism. The model combines the
parallel implementation of interactive practices with or without
specialized hardware.

- The interactive methods in the research are interpreted as
scientific forms of joint learning activities for students, teachers and
resources, in which they as participants in education work together in
order to share information, solve problems together, simulate/
moderate situations, appreciate each other, feel the real spirit of
cooperation, to be provided opportunities for self- realization in
various types of learning activities and qualitative study of school
subjects. Theoretical and methodological basis of the opportunity for
students’ self-realization and self-actualization in the process of
education are humane-personal, active, value and system approaches
that allow students be concerned about different entrepreneurial
activities and feel themselves pleased with their job and achievements.

- Interactive practices are considered to be a form of
scientifically proven methods of education. They are regarded as
educational practices in which theoretical knowledge in the field of
entrepreneurship is applied dynamically.
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- Virtual game environment is interpreted as developed for the
aims of the dissertation research 3D environment software for creating
and simulating game scenarios.

- Delayed interactivity is interpreted as an interaction in which
the reaction is not immediately after the action, but a total result of
preliminary decision.

- Mini game (a game in the game) is a simulation of a game
inside the context of another game, such as: doing puzzles as a fun
activity in order to achieve a result, solving a mystery, etc. This could
be applied either in a 3D virtual environment or in a classroom as a
role playing game.

- Interactive screen is either a simulation of a digital device in
a virtual 3D environment or usage of such a device in the classroom in
order to be done a particular task or answered a question. Such devices
are tablets, laptops, computers, smartphones, digital cameras, etc. The
interactive screens enable projecting mini games in virtual 3D
environment or playing an educational game in the classroom, using a
real device.

1.2 Model. Physical and conceptual model. Pedagogical models of
teaching.

Definitions of concepts as physical and conceptual model have
been presented in Chapter 2. Famous pedagogical researchers present
the following teaching models:

Traditional pedagogical model.

Behavioral pedagogical model.
Romantic/Naturalistic experimental model.
Cognitive/Developing model.
Constructivist model of teaching.

Social pedagogical model.

1.3 Method and practice. Methods of education

In this section of the dissertation the definitions method, scientific
method and practice have been. Educational methods have been
classified according to certain characteristics:
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- acquiring knowledge;

- content of the tasks;

- knowledge source;

- students’ independence;

- organization of students’ activities;
- student-teacher relationship;

1.4 Interactive methods of education. Classification of interactive
methods

The interactive methods have been surveyed in chapter 4.
Classifications by established pedagogical authors have been
presented. The following interactive methods have been analyzed:

- Method of the particular situations;
- Case,

- Game;

- Role-playing game;

- Survey;

- Talk;

- Discussion and its forms;

- Other popular interactive methods.

1.5 Popularity of interactive methods in Bulgarian school-
research data

In chapter 5, an analysis of promoting interactive methods of
education, based on data from published studies, has been conducted.
The focus is on the contradictions, found in the studies.

1.6 Conclusions and recommendations related to promoting
interactive methods in Bulgarian school

Conclusions and recommendations related to promoting
interactive methods in Bulgarian school, according to the author, have
been suggested in chapter 60.
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1.7 Education based on games and gamification of education
In chapter 7 the focus is on game-learning.

Besides analyzing existing data, concerning this type of
education in the USA, EU and Bulgaria, differentiation between
game-learning and education, based on digital games has been
pointed. Incorrect interpretation of these two types of education is
often met because of their similar, but opposing concepts.

A classification of various types of digital games, according to
their genre has been presented and it may be based as a basis for
creation a digital content or for gamification of education.

Distinctions between entertainment video games and so called
“serious games”, to which the educational games belong, have been
made. The advantages and disadvantages of implementing video
games in education have been analyzed.

An analysis of the factors impeding the educational process,
based on digital games, has been conducted at the end of chapter 7.
The following factors are concerned:

- insufficient time;

- price;

- lack of teaching materials and resources;

- lack of corresponding to the learning content games;

- lack of a standard-based assessment;

- shortage of quality games;

- insufficient practical training for teachers in using digital
games in education;

- lack of adequate teachers’ skills;

- shortage of computers, lack of Internet and technical support,
etc.

1.8 Innovative education in Bulgarian school
Chapter 8 concerns the innovative education in Bulgarian school.

The focus is on the normative legal acts and regulations of the
Ministry of Education and Science, concerning the dissertation
research themes:
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- Innovative methods- project-based learning, student-teacher
teamwork, etc.

- A new organization of education- interdisciplinary modules,
cooperative teaching, teachers’ teams in changing the curricula and
new school subjects;

- Developing a methodology for integrative learning content
and STEM education.

An analysis of data from researches on game-based learning
and education, based on digital games related to that type of
education, using available in Bulgaria platforms, has been carried.

1.9 Entrepreneurship. Definitions. Entrepreneurship and Market
Economy. Entrepreneurship and Technology education in
Bulgarian school

The focus in chapter 9 is on entrepreneurship, the market
economy and entrepreneurship education. The origin and content of
the term entrepreneurship according to famous authors have been
studied. The relationship between entrepreneurship and the market
economy has been emphasized. The development of entrepreneurship
in Bulgaria has been monitored.

Requirements and measures taken by the Ministry of Education
and Science to Entrepreneurship and Technology education in
Bulgarian school in agreement with the European Entrepreneurship
Competence Framework (EntreComp), related to developing a sense
of initiative and entrepreneurship, have been presented.

This approach is conditioned by the interconnectedness of
hierarchical thematic approach to establishing new terms and
concepts. For instance, if a game-based training scenario is applied,
that scenario may cover the training content of each grade instead of
creating particular mini scenarios for each lesson. Following this
approach the teaching content at lower grades will be directed to
improving students’ knowledge and skills in senior classes, and for
students in lower classes a successful realization of a scenario could
be a game, part of the whole scenario. This approach is appropriate for
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game-based learning where particular elements of the scenario appear
under certain circumstances, corresponding to the grade.

Known entrepreneurial models and models concerning
Entrepreneurship and Technology education have been presented at
the end of chapter 9.

Available Entrepreneurship and Technology training resources
for 5 -7" grade have been systemized.

Chapter 2. Design of the experimental model

In the current research, the model for forming entrepreneurial
competence through interactive educational practices (technology,
method, process, activity) includes:

- Development of teaching content for active interaction;

- Implementation of this content in education.

The model is based on the idea of straightforward and feedback
of the creating of interactive content and its implementation in the
classroom with or without using digital environment and in out-of-
school education.

It provides opportunities for:

- Education, based on digital games;

- Game-based learning- using of digital elements such as
dialogues, ranks, points and awards and their implementation in
lessons in a way that makes them more interesting and more engaging
for students.

That model demands:

- Presentation of the existing traditional exercises in an
interactive way that suggests good knowledge of the interactive
methods and necessary pedagogical experience;

- Knowledge of the successful interactive methods in the game
industry for the purpose of their implementation in education;

- ldentification of the compatibility joint point of interactive
methods in order to be applied in class or on a digital platform;

- Creation of interactive scenarios;

- Creation of digital game environments in order to integrate the
developed scenarios, using various interactive elements.

14



In the process of developing interactive learning content the
possibility of its integration into digital environments is paid attention
to. This provides opportunities for software specialists to realize
already  created branched dialogue interactions, puzzles,
entrepreneurial ideas and decisions for their performance as part of
interactive and multimedia products and even as 3D interactive game
scenarios in which the level of interactivity exceeds the limits of the
traditional classroom.

On the other hand, already created virtual content could be used
for printing role cards with dialogues, fragments of scenarios and
game elements for usage in role-playing games in class with or
without hardware or software.

The following diagram shows the common model for the
creation and implementation of interactive content in education.
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Development of teaching content
for active interaction:
- Presentation of the existing exercises in an interactive way,

- Knowledge of the successful interactive methods used in the game industry;
- Identification of the compatibility joint point of

interactive methods in order to be applied
in class or on a digital platform;

- Creation of interactive scenarios;

- Creation of digital game environments

in order to integrate the developed scenarios
\using various interactive elements;

£
/ - -
/ Selection of modelling \
/ and animation software ‘\
| . . .
| - Software for modelling and animation \
| |of characters; \
\ |- Software for environmental |
\ | and levels modelling. |
l
(SD interactive game envimnment] ( Gamification of learning ]
Selection of a 3D game engine for: Using digital game
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- Animation; - fragments of scenarios;
- Non-linear dialogues;

- using game elements
- Interactive elements;

in role-playing games.
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|

digital games

Interactions with interactive characters and
environments in accordance with teaching scenario

—
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the interactive content
> A
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Y /
( Education, based on W

unsuitable for
to the training: digital application

In the classroom r In class: w
or out-of-school: .

In the absence of
In the presence of software or hardware
software or hardware

Diagram 9
A common model for development and implementation of interactive content in education
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The common model does not only correspond to the school
subject Entrepreneurship and Technology, but it is appropriate to be
also used in other school subject. The entrepreneurship specification is
built in the process of creating teaching materials and scenarios and
their implementation in education. Developing interactive teaching
content, following this model demands cooperation with IT specialists
who realize the prepared interactive materials in a digital way.

2.1 ldentification of compatibility joint point of interactive
methods for their implementation in class and on a digital game
platform

A general classification of the traditional entrepreneurship
activities has been provided in order to present them in a digital way.
Typical tasks in entrepreneurship and possible interactive scenarios
for their realization have been classified in the following groups:

-Exemplary tasks connected to resources.
-Exemplary tasks connected to survival.
-Exemplary tasks, connected with the qualities (experience) of the
character — the choice of the type of character, formation of qualities,
building experience and skills.
-Tasks which involve the usage of interactive objects and devices in-
game.

The model introduces five types of game scenarios:

- following given roles;

- including semi-assigned roles;
- developed by the participants;
- recreation of a real situation;

- improvisational.
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2.2 Successful interactive methods, used in the game industry

In this chapter the focus of the research is on the possibility of
integration of well- known methods in the gaming industry into
education as one of the good practices, increasing the motivation of
students without the loss of focus and attention on the study matter. A
brief list of the most common elements and techniques in computer
games has been created, in which it is determined that learners have
the most experience gathered in the entertaining game industry.
-Resources — gathering of certain types of resources, necessary for the
successful completion of a task from a mission.

- The interactive communication with virtual characters which
gives hints or ideas for the successful completion of the mission
through branched dialogue systems.

- The assignment of missions.

- Qualities (experience) of the character — a choice of the type of
character and the formation of qualities.

- Usage of interactive objects and devices in-game.

- Solving conundrums and doing puzzles when completing a
mission (game in the game).

- Usage of transport vehicles for the task of gathering resources
when completing a mission.

- Upkeep of the functions necessary for the survival of the
character

- Simulation of physical processes.

2.3 Introduction of tasks, which already exist in a traditional
form, in an interactive form. A short characterization of tasks,
connected to entrepreneurship. Scenario-based interactive
examples.

In this character of the dissertation research t based on the
displayed techniques in the game industry, a characterization of the
typically presented tasks in educational content has been created with
the goal of their integration in the form of interactive digital games.
Typical tasks in entrepreneurship and possible interactive scenarios
for their realization have been classified in the following groups:
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- Exemplary tasks connected to resources.

- Exemplary tasks connected to survival.

- Exemplary tasks, connected with the qualities (experience) of
the character — the choice of the type of character, formation of
qualities, building experience and skills.

- Tasks which involve the usage of interactive objects and
devices in-game.

2.4 Variants for the creation of game scenarios

In this chapter of the dissertation research, a model for the
creation of game scenarios when creating interactive content for role-
playing games has been presented. The model introduces five types of
game scenarios:

- following given roles;

- including semi-assigned roles;

- developed by the participants;

- recreation of a real situation;

- improvisational.

The accent is put on a scenario with roles given in advance,
where the preparation of educational content is done by the educator
and on a scenario with semi-assigned roles, where the script and the
interactive elements are directed by the educator and the dialogue
forms are improvised by the participants of the game.
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Creation of game scenarios:

< Following assigned roles:
<2 Semi-assigned roles:

are chosen by the participants.
< Directed by the participants

< Recreation of a real situation

and search new approaches to it.
< Improvisation

their own details.

The script, roles and dialogue are directed by the educator.

The script and roles are directed by the teacher, and the dialogues

The participarts create the roles and script of the roleplaying game by themselves .

The participants discover and play out a situation which they have lived through

The participants receive a general script to which they add and shape

P

Following assigned roles:

© The participants receive role cards,
which describe the roles and rules,
which the game is played by.

A
Creating and printing
of role cards

2 For each role, a role card with
in-game dialogue is printed

2 Shifts between scenario branches
when choosing a response
to a guestion.

il

o

Creating dialogues:

O Linear: provide only the general dialogue
of the scenario

O Branched, non-linear: set the scenario,
when for certain roles gquestions
with multiple answers are considered.
According to the choice made
a shift from one plotline to ancther is made

Semi-assigned roles:

2 The participants receive information
about the roles, howewver they choose
their way of behavior.

Interactive elements:

O -Digital devices such as
smartphones, laptops, etc.

@ Printed out assignmerts, part of education
material (a student's book or workbook)

Game in the game {mini game)

2 An available digital device
in the classroom i used according to which
certain actions to get out
of a given situation or case are performed
inthe form of a mini game.

Diagram 10
A common model far creating rale-playing games with interactive content
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2.5 Selection of design software for modelling 3D game
environments for developing and applying interactive teaching
activities

Selection of software products appropriate for modelling 3D
game environments

for developing and applying different teaching activities has been
made in this section.

A comparative analysis according to the following software
products has been done:

- popular game engines;
- specialized products for character modelling and animation;
- general products for 3D modelling and animation;

The choice of suitable software products for the needs of this
research has been made on the basis of present technological,
financial, organizational and qualification criteria.

2.6 Studying students’ attitudes to the application of interactive
practices to education

In this chapter the results of the preliminary questionnaire
experiment for the attitude of students to the application of interactive
practices in education have been described.
48.93% of those questioned express an opinion of necessity of larger
scale integration of interactive practices in  education.
32.26% find the application of such practices developed enough when
conducting lessons in entrepreneurship.

Only 12,90% express preference to usage of traditional forms of
education relative to interactive education.

When comparing the achieved results relative to gender it
becomes clear that approximately 60% of boys are in support of larger
scale integration of interactive practices in education, while almost the
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same percentage of girls find the application of such practices
developed enough.

Usage of games (58,06%) and in part role games (38,71%) take
up the largest percentage of preferences, coming to a total of 96,77%
of the quiz answers.

The project method of education comes second with 61,29%.

Next come surveys and talks (48,39%), discussions (45,16%),
dialogues.

74,19% express the opinion, that the application of game
scenes in Entrepreneurship and Technology education will strengthen
their motivation and will make education more interesting. Among
those surveyed this attitude is strongly expressed especially in girls
(90%) in accordance to the boys (66,67%).

Concerning the variants when creating game scenarios,
creating scenarios following semi-assigned roles — the script and roles
are directed by the teacher while the dialogues are chosen by the
students — comes first at 29,03% and is followed by scenarios made by
the participants in the game. The scenario following assigned roles
where the roles and dialogue are directed by the teacher comes in third
(22,58%). In girls, however, the scenario following assigned roles
shares the first place with the scenario following semi-assigned roles —
both at 30%. From the received results a conclusion can be made
about students’ desire towards more active participation when
conducting a lesson in spite of the increase of the time required for the
preparation of scenarios.

Regarding the development of free 3D computer or mobile mini
games for education in Entrepreneurship and technology 93,54% of
participants express a positive opinion, while only 6,45% refer to it
negatively. Negative attitudes are only expressed in the boys group.

78% prefer games with higher quality (typical for desktop and
laptop hardware guarantee) when compared to games for mobile
devices (22,58%).
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2.7 3D interactive learning environment. Integration of interactive
virtual components into a model for developing entrepreneurial
competence. Examples

The model for forming entrepreneurial competence may be
considered as a structure, or on the other hand, as a process:

- The structural side of the model presents the various
interactive practices in a hierarchy that assists the basic understanding
of the cooperation between the different interactive elements;

-As a process, this model enables the visualization of the
different steps in the process of creating interactive teaching elements
and materials.

After conducting a comparative analysis of software products
appropriate for designing 3D applications, the exemplary model for
developing game contents, suggested in the theoretical part of the
research, has been improved through specifying the software products
and their characteristics. This is shown on the following diagram. The
software products, selected on the objectives of the dissertation
research are in bold-italic.
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Game development:
N

Concept Art:

(Conceptual Art)

\ Character | | Environment |

Character designs, creature designs,
decoration designs.

llustrations, Architecture design,
Architecture element design

AN L

\ General products for 2D/3D modelling |
+ 3ds Max (developer Autodesk), commercial licence; J

+ Maya (developer Autodesk), commercial licence;

+ Cinema 4D (developer Maxon), commercial licence;

+ + Houdini ( developer Side FX), commercial licence;

+ + Blender (developer Blender Foundation), open source.

Specialised products
for 3D modelling and animation:

+ Reallusion Character Creator,

commercial licence;

+ Mixamo character creator (Adobe Fusion),
beta stage of development;

+ Daz 3d- free licence;

+ Zbrush- commercial licence;

+ Sculptris - free licence, open source;

+ Make Human - free licence, open source;
+ MB-Lab- free licence, open source.

L

Character modelling.
Rigging. Texturing

| Environment |

Environmental modelling, ’
Drawing levels. Texturing

v,

\ Animation | Level design
Frame-by-frame animation, 3D level prototypes,
Moution capture, Rigging Creating worlds

‘ Game engines |

‘ Game design

)

+ Godot - / free licence, open source
+ Unreal Engine - free to number of copies Game elements; Game mechanics;
+ Unity - free to number of copies Visual scripting

+ Unigine - free to number of copies

While working, a necessity for additional integration of open-
source software solutions and creation of your own ones occurred and
the focus is on those virtual components that have been developed and
integrated for digital application according to the requirements of the
entrepreneurial tasks, but universal enough to be implemented in other

school subjects.
The short list of these virtual interactive elements includes:
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- Integration of a branched dialogue system, enabling
interaction with virtual characters through active dialogues in which
the learner is able to answer questions and make concrete decisions
according to the course a particular dialogue takes;

- Development and integration of a 3D graphics board for doing
tests in a 3D environment;

- Development and integration of a 3D puzzle the correct
solving of which improves particular character traits, such as their
intelligence or entrepreneurial experience;

- Integration and development of a virtual book “Entrepreneur’s
secrets” in a 3D environment;

- Development and integration of “in-game” camera- a digital
camera in the game that enables the learner to make photographs of
elements, useful for solving future tasks, concerning the successful
ending of a special mission;

- Physical simulation of vehicles and their control, necessary for
bringing the script to life as a simulated reality in order to be
intensified the game moment and doing certain types of tasks, related
to the entrepreneur resources;

- Simulation of a traffic system in a game scenario. Using such
a system is suitable for doing tasks, finding concrete objects or
artefacts and applying them in a required location. For this reason, an
inventory system for interacting with this type of interactive elements
has been based.

Analysis of the results from the experiment

The experiment was conducted for the period 2020-2022 during
the lessons of entrepreneurship and technology. Students from fifth,
sixth and seventh grade were included: 100 students - fifth grade, 154
- sixth and 106 students — seventh grade.

Interactive practices in the classroom and outside of the
classroom were applied. In the out of class form, a form of education
based on digital games was applied, and in the in class form not only
were the popular interactive methods applied, but also practices, such
as printed role cards, including dialogues, templates of resources,
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badges and symbols of formed qualities, entrepreneurial experience
etc., based on the created digital content.

Analysis of text results amid control and experimental groups

On the following diagram the results from test tasks for fifth
grade have been displayed, where the results from the control group
without appliance of interactive practices are displayed in blue, and in
orange — the results of the experimental group involving interactive
practices, and in green — the maximum possible score for every task.

Distribution of the results from tasks for 5th grade
40
30

20

. ] II
o | | . W

ex.1l max. sc. ex.2 max.sc. 2 ex.3 max. sc. ex.4 max. sc. ex.5 max. sc. ex.6 max. sc
12 4 8 10 33

B Average score without IP B Average score with IP Maximum score

From the results shown on the diagram, an expressed increase
in test results for the experimental group in exercises one, four, five
and six is observed. In exercises two and three the differences are
within the statistical error when measuring, which comes in large term
from the low difficulty of these exercises.

Diagram 23 illustrates a summing distribution of the results
between the groups, based on the average score received from all
exercises.

For fifth grade this part comes to around 20% better tests
results.
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Summing distribution of results 5th grade

80

60
40 62,3

48,85
20
0
Average score Average score  Maximum score
without IP with IP
Diagram 23

The relative percentage of all correct answers in the experimental
group and the control group from sixth grade has been reflected on
diagram 24.

Percentage of correct answers 5th grade

Percentage of correct answers
with IP
Percentage of correct answers
: N 708 %
without IP

0 20 40 60 80 100

Diagram 24

For fifth grade this part comes to 20 % better test results.

The results from sixth grade have been acquired on the basis of
test exercises conducted in relation to 154 students, while 52 students
participate in the experimental group, and in the control group- 102.
On diagram 25 the results from the test exercises for sixth grade have
been illustrated, where the results from the control group without
appliance of interactive practices are shown in blue, in orange — the
results of the experimental group involving usage of interactive
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practices, and in green — the maximum possible score for each
exercise.

Distribution of results by tasks 6th grade

30
25
9,3

17,8 174
20 15,3
15
10 69%3 7475
; I|| I|| II|
0 | 1 0|

ex.2 ex.4

B Average score without IP B Average score with IP B Maximum score

Diagram 25

More significant differences in the results between the control
group and the experimental group are achieved in exercises one, Six,
four and three. In exercises 2 and 5 the differences are within the
statistical error.

On diagram 26 the summing distribution of the results between
the groups, based on the average score achieved from all exercises has
been illustrated.

Summing distribution of results 6th grade

100
80 100
60
40 56 63,7
20
0
Average score Average score Maximum
without IP with [P score
Diagram 26

28



The relative percentage of all correct answers in the
experimental group and the control group from sixth grade has been
reflected on diagram 27.

Percentage of correct answers 6th grade

Percentage of correct answers
with IP
P t f t
ercen agep correct answers - 7467
without IP

65 70 75 80 85 90

Diagram 27

For sixth grade this part comes to 10,26% better test results.

In seventh grade the experimental group consists of 28 students,
and the control group — of 78. On diagram 28 the results from the test
tasks for seventh grade have been illustrated, where the results from
the control group without appliance of interactive practices are shown
in blue, in red — the results of the experimental group involving usage
of interactive practices, and in green — the maximum possible score
for each exercise.
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Distribution of results by tasks 7th grade

35
30 30
30 27,
24 25,
25 22,
20
15 10 212
10 10
86 8,693 9,2
10 62717 7,6
384
. nnl
ex.1 ex.2 ex.3 ex.4 ex.5 ex.6 ex.7

B Average score without IP B Average score with [P B Maximum score

Diagram 28

The most significant differences in the results between the
control group and the experiment group can be noticed in exercises
two, three and four, and the least significant- in exercise 5.

The summing distribution of the results between the groups,
based on the average score received from all exercises is illustrated on
diagram 29.

Summing distribution of results 7th grade

150

100
50 81 91,9 103

Average score Average score Maximum score
without IP with IP

W Summing distribution of results 7th grade
Diagram 29

30



The comparative percentage of all correct answers in the
experimental and the control groups from seventh grade are reflected
in diagram 30.

Percentage of correct answers 7th grade

Percentage of correct answers with IP _ 89,22 %
Percentage of correct answers
. 78,64 %
without IP

70 75 80 85 90 95

B Percentage of correct answers 7th grade

Diagram 30
A difference of 10,58% has been reported.

Survey results and analysis among expert teachers

The conducted expert study includes eleven teachers,
specialized in:

- Entrepreneurship and Technology;

- Information and Communications Technology.

The first three questions of the survey are addressed to the
interactive teaching content, interactive methods and their
implementation in interactive practices in education.
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Do you think there is enough accessible interactive
educational content for the subject you teach?
(one possible answer)

3.0y on some topics (TR : -
2.No - 18,18 %

1. Yes '0%

0 20 40 60 80 100

Diagram 31

From the results, the conclusion can be made that accessible
interactive content still does not cover the viewed subjects fully.
Approximately 82% of teachers find it covers only some topics of the
teaching material, and 18% don’t find appropriate interactive content

Which factors impede the application of interactive methods
in the subjects you teach? (multiple possible answers)

1. Absence of prepared interactive developments for
application in the school subject | teach.

2. Absence of methodical instructions for conducting lessons

with interactive practices.

Absence of certain examples of the subject | teach.

4. Lack of time for the integration of these methods.

w
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Which factors impede the application of interactive
methods in the subjects you teach? (multiple
possible answers)

3. Absence of certain examples of the
subject | teach.
1. Absence of prepared interactive

developments for application in the _ 81,82 %

teaching material which | teach.

4. Lack of time for the integration of
these methods.

2. Absence of methodical instructions

for conducting lessons with _ 63,64 %

interactive practices.

o
N
o
B
o
D
o
(o]
o
=
o
o

Diagram 32

In the question, concerning impeding the application of the
interactive methods in education (Diagram 32) around 91% of those
surveyed point out the lack of certain examples of the teaching
subject, and around 82% include the lack of prepared interactive
developments in the teaching subject. The lack of time has been
reported as an essential preventing factor by around 73% of those
surveyed.

When conducting a lesson with interactive practices, how do
you prepare the interactive content? (one possible answer)
1. luse only prepared interactive content if it is available.
2. | create the interactive content myself.
3. | use prepared interactive content as well as interactive
content created by me.



When conducting a lesson with interactive practices,
how do you prepare the interactive content?
(one possible answer)

3. | use pre-prepared and interactive
e 54,55

content created by me.

1. 1 only use pre-prepared interactive
Y e preRTer N 27,27

content, if it is available.

Diagram 33

Concerning the preparation of the interactive content, around
55% of those surveyed point out that they use both pre-prepared
available content, if it is accessible, as well as individually created
content — normally for these sections of the learning material, for
which available interactive content hasn’t been found. Around 27%
depend only on pre-prepared interactive content, if it is available. The
latter explain themselves with one of the considered impeding factors
— the lack of time for individual preparation of interactive content.
Only 18% of teachers rely on individually prepared interactive
content. According to the theoretical part of the dissertation research,
these are mostly teachers with great pedagogical experience and a
developed style of educating.

The last two questions of the expert experiment concern the
assessment of suggested models for the manufacturing and appliance
of the interactive content in the disserting experiment, pointed at the
increase of entrepreneurial literacy.

The suggested model for development and appliance of
educational content for the active interaction in the education is based
on the idea for forward and backward compatibility of the created
interactive content for its appliance in the education in class with or
without the usage of a virtual digital space, and in and out-of-class
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form of education. Created following this model, the educational
content is optimized both for application in class and for building of
digital content in education. This facilitates parallel implementation
of gamification and learning, based on digital games.

What is your attitude towards this model and the principles
laid down in it? (multiple possible answers)

1. It facilitates the creation of modern interactive content in
education and optimizes the time for its developing.

2. | find the idea great, but hard to realize.

3. After familiarization with the general interactive principles
used in education and in digital games, | find the creation of such
interactive content a challenge for my development.

What is your attitude towards this model and the
principles laid down in it? (multiple possible answers)

It facilitates the creation of modern
interactive content in education and
optimizes its manufacturing time.

90,91 %

| find the idea great, but hard to realize. 54,55 %

After familiarization with the general
interactive principles used in education
T . . 45,45 %
and in digital games | find the creation
of such interactive content a...

0 20 40 60 80 100

Diagram 34

Around 91% of experts share the opinion that the suggested
model facilitates the creation of modern interactive content and
optimizes the time of its creation. In parallel with this around 55% of
teachers find the idea great, but difficult to realize. This is justified by
the necessity of additional observations and knowledge of the
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application of interactive practices in class on one hand, and in
modern digital products on the other hand.

A large part of those surveyed (over 45%) find the creation of
interactive content, following the suggested model, a challenge in their
development after they have already been familiarized with the
general tendencies of integration of the interactive methods in class
and in the digital ideologies.

Would you create interactive content following the
suggested model? (one possible answer)

1. No, the creation of interactive content following this model
requires additional knowledge for which | cannot spare time at this
stage.

2. Yes, the creation of a bridge between the interactive and the
digital contents in class is one of the tendencies in modern education.

3. Yes, if there is a developed platform which facilitates the
creation of similar interactive content.

Would you create interactive content following the
suggested model?
(one possible answer)

1. No, the creation of interactive content
following this model requires additional
. . 63,64%
knowledge for which | cannot spare time
at this stage.
2. Yes, the creation of a bridge between
the interactive and the digital contents in

class is one of the tendencies in modern
education.

18,18%

3. Yes, if there is a developed platform
which facilitates the creation of similar - 18,18%
0 10

interactive content.

20 30 40 50 60 70

Diagram 35
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The last survey question concerns the readiness of the teachers
to create interactive content, following the suggested model for active
interaction. Around 64% of them express readiness, considering there
is a platform developed for the creation of content that develops
according to the goals of the disserting experiment. The answers for
absence of such platforms are distributed equally: 18% are ready to
participate in setting up of such platform and 18% are not ready to
devote the necessary time and conditions.

Conclusions for the disserting experiment

The increase of entrepreneurial literacy by means of application
of interactive practices in lessons of Entrepreneurship and Technology
needs to be based on the following organizational and pedagogical
principles:

Theoretical:

- Awareness concerning the modern interactive methods and the
possibility of their application relative to determined pedagogical
conditions;

- Educational and methodological competence for application of
the interactive methods in the form of interactive practices in
education;

- An interdisciplinary approach to conducting lessons in
Entrepreneurship and Technology considering cross-curricular
connections;

- Building a bridge between education in Entrepreneurship and
Technology and the modern informational and communication
technologies;

- The organization of the education, considering the interaction
between the interschool structural units in the area of the
entrepreneurship and the informational technologies;

Practical and applied;

- Development of the learning materials in a way that combines
the interconnection between entrepreneurship and the digital
technologies;
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- Realization of direct and reverse compatibility when realizing
interactive educational content from applicable in the classroom in
the absence of specialized hardware and programed insurance;

- Creation of conditions for the conduction of interactive
practices in and in-class and out-of-class form of education;

- Adaptations of the prepared interactive practices for parallel
application in the different educational grades on the basis of a
consistent approach to the expansion and detailing of the presented
information in the higher classes;

- Application of education based on digital games and
gamification in education considering the technological achievements.

The hypothesis is proven in the following aspects:

- In education with application of interactive practices an
increased level of literacy in students has been reported.

- An increase in students’ motivation has been reported as well
as willingness to participate in the preparation of interactive scenarios
and a manifestation of higher activity when conducting lessons.

- Pedagogical conditions for forming entrepreneurial literacy
have been created via interactive practices.

- The cognitive and creative activity is developed in the
direction of self-realization.

- The individuality and satisfaction in education has been
increased.

The assigned tasks in the experiment have been realized:

- Theoretical and methodological bases of the usage of
interactive practices has been determined,;

- The meaning of the interactive practices in education has been
determined and a classification in the context of self-realization of the
students and forming of their personal competencies has been created,;

- A complex of pedagogical conditions for the usage of
interactive practices for education in entrepreneurship in Junior high
school lessons of Entrepreneurship and technology has been
developed;
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- A model for application of interactive practices in education
has been created and applied, assuring compatibility when creating its
digital realizations;

- A digital three-dimensional game environment for the
conduction of education in entrepreneurship with manufactured
interactive decisions and adaptations of already existing decisions
with open code has been created.

Accessible interactive game content in entrepreneurship has
also been created.

39



Scientific contributions to the dissertation work

The scientific contributions of the author of the dissertation
research are examined in a theoretical and practical-applied aspect.

I. In a theoretical aspect:

1. The essence of interactive practices in education was defined and a
classification was created in the context of students' self-realization
and formation of their professional competences.

2. The theoretical-methodological foundations of the use of interactive
practices are determined.

3. The factors hindering the implementation of interactive practices in
education are analyzed: methodological, organizational and
technological.

4. A complex of pedagogical conditions has been developed for the
use of interactive practices in entrepreneurship teaching at the junior
high school level in technology and entrepreneurship classes.

5. A conceptual model was created for creating interactive content and
implementing interactive practices in training, ensuring compatibility
when creating digital implementations.

I1. In a practical-applied aspect:

1. A digital three-dimensional game environment has been created for
entrepreneurship training with developed interactive solutions and
adaptation of existing open source ones. The created application is
available for use in interactive entrepreneurship game content.

2. The conceptual model is applied as a bridge between technology
and entrepreneurship education and modern information and
communication technologies.

3. A complex of pedagogical conditions has been developed for the
use of interactive practices in the education of entrepreneurship at the
junior high school level in the classes on technology and
entrepreneurship.
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4. An unconventional approach to education, based on constructivism,
is presented.
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