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INTRODUCTION

The modern educational environment is characterized by a dynamic
and constantly changing context, dictated by technological advances,
globalization and the demands of knowledge. In this context, traditional
pedagogical models often prove insufficient to form key competences for
21. century. Therefore, it is necessary to rethink the learning process through
the implementation of innovative, interdisciplinary and practice-oriented
approaches. One of the most promising of them is STE(A)M education — an
integrated model combining Science, Technology, Engineering, Arts and
Mathematics, aimed at developing creativity, critical thinking, collaboration
and solving real-world problems. The scientific community emphasizes the
importance of its early introduction, especially in the initial educational
stage, as it is a period in which basic knowledge, cognitive skills and socio-
emotional competences are built (Piaget, 1971; Alexieva, 2017).

It is especially important to implement STE(A)M at the initial
educational stage, where basic cognitive, social and emotional skills are
formed. "STE(A)M training supports the development of critical thinking
and pushes the boundaries of traditional disciplinary boundaries by creating
opportunities for innovation and creativity" (Bybee, R. 2013).

Students from 4. grades possess sufficient cognitive development to
participate in complex tasks, but often encounter difficulties in mastering
abstract concepts. Therefore, it is necessary to implement methods that
make learning an engaging, experiential and motivating process.

One of these methods is the educational riddle room — a game
environment in which students solve a series of riddles in a limited time
interval, applying knowledge from different subjects. "The Mystery Room
Method combines collaboration, gamification, and active participation to
enhance the learning experience and motivate students" (Wiemker, Elumir,
& Clare, 2015). This stimulates creativity, logical thinking and cooperation
between students.

Despite international evidence of the effectiveness of STE(A)M and
the educational rooms of riddles, Bulgarian primary education still lacks
systematic, adapted and scientifically validated models for their
implementation. The main challenges include a lack of methodological
guidance, insufficient professional development of teachers and limited
resources. Therefore, it is necessary to develop a technological model that
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combines the STE(A)M principles with the game structure of the
educational puzzle room, adapted specifically for students from 4. class.

The object of the study is STE(A)M-based training and its
application in the primary educational stage.

The subject of the research is the development of a technological
model for the implementation of STE(A)M-based learning through an
educational room of riddles in the 4th grade. This model aims to create an
engaging learning environment in which students solve interdisciplinary
problems, developing key competencies.

The aim of the dissertation is to develop, test and evaluate a
technological model for STE(A)M-based learning through an educational
room of riddles, adapted for students from the primary stage of education.

Objectives of the study:

1. Analysis of the theoretical foundations of STE(A)M education and
the educational rooms of riddles.

2.Development of a technological model for the application of the
STE(A)M approach through an educational room of riddles.

3.Creation of three original scripts: "Orderlies in the Forest", "In
Pippi's Kitchen" and "Around the World".

4. Approbation of the model in a real school environment (with 62
students, 12 teachers and 42 parents).

5.Analysis of the effectiveness of the model through surveys,
observations, tests and statistical methods (t-test, Q-test, Friedman).

6.Formulation of methodological guidelines and recommendations
for implementation in practice.

Structure of the dissertation:

Chapter One — Theoretical Problem Statement: An Analysis of
STE(A)M Education, Gamification, and the Educational Mystery Room.

Chapter Two — Methodology: description of the sample, tools,
experiment design and methods of analysis.

Chapter Three — Empirical Research: Approbation of the Model,
Analysis of Data from Students, Teachers and Parents.

Chapter Four — Conclusion: summary of results, scientific
contributions, limitations and recommendations.

The presented dissertation aims to contribute to both the theory and
practice of modern education by proposing an innovative, easily applicable
and scientifically based model that can be multiplied in different school
environments.
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CHAPTER ONE THEORETICAL STATEMENT OF THE
PROBLEM

The dynamic times in which we live confronts us with a number of
challenges related to building and refining "skills needed for the 21st
century". This term encompasses a wide range of knowledge, skills, work
habits, and personality traits that are particularly important for success in
secondary school, higher education, and the labor market (Binkley et al.,
2012). The skills of 21. can be acquired and practiced in all academic
disciplines and are vital in all aspects of life — educational, career and social
(Uzunova, 2002).

In the learning process, these skills are defined through specific
abilities that learners need to develop: thinking (logical, analytical, critical
and creative), problem-solving, effective communication, teamwork,
entrepreneurship and emotional intelligence. These new educational
requirements presuppose a qualitatively renovated learning environment
and adequate strategies for its creation (Mihova, 2003).

The dynamics of modern society, including education, require a
rethinking of the methodological basis of education — from subject-oriented
to competency-oriented teaching and learning (Kozhuharova, 2020).
Innovative technologies, approaches and methods are introduced in
educational practice, which open up opportunities for change in the
organization of the educational process, aimed at individualization, active
engagement, efficiency and motivation, which can lead to higher results.

Alternative or non-traditional learning approaches are based on
original ideas aimed at diversifying and modernizing learning by
abandoning the traditional organization and the dominant role of the teacher
(Gyurova, 2007).

For the development of scientific, technological, engineering and
mathematical skills among students, STEM training is applied. This
approach aims to prepare them for future challenges by placing them in real-
world situations to apply knowledge and skills by solving practical problems
and stimulating critical thinking and technological literacy.

The game approach and the "Educational Room of Riddles" method
contribute to the creation of a motivating, interactive and engaging learning
environment. These methods develop logical and creative thinking, as well
as cooperation.
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1.1. STE(A)M training — essence and approaches to integration

The emergence of STEM education is not fixed in a specific year, but
three key periods are indicated in the scientific literature (Kozhuharova,
Zhelyazkova, 2021). The first was in the 50s of the 20s. The launch of the
first artificial satellite, Sputnik-1, sparked a technological race between the
United States and Russia. The second period was in the 1990s, when the
term was originally SMET and subsequently replaced by STEM (Bybee,
2010; Sanders, 2009). The third is the beginning of the 21st. century, with
the formalization and scientific systematization of the concept of STEM.

A significant part of scientists consider Dr. Judith Ramali to be the
founder of STEM education, who introduced and popularized this term.

The STE(A)M training integrates five disciplines — science,
technology, engineering, arts and mathematics. Discipline is understood as
a branch of knowledge with associated traditions and culture (Choi & Pak,
2006; Klein, 1990). According to Sanders (2009), STEM should include
technological or engineering design that connects concepts and practices
from mathematics and science.

K. Garov and D. Peykova define STEM as an approach based on
interdisciplinary learning, integrating four main disciplines into a paradigm
that has applications outside the classroom (Garov, Peykova, 2019).

The entry of STEM into the educational process is related to the key
competences set out in the European Reference Framework (Todorova-
Koleva, 2021). The main fields are science, technology, engineering, and
mathematics, and the addition of arts forms the STE(A)M.

It can be concluded that the role of each discipline from the
abbreviation is as follows:

e Science develops research skills such as experimentation,
observation, and discussion, stimulating an understanding of the world
around students.

e Technology involves the application of scientific principles to
create and improve devices and processes, using tools such as programming
and robotics.

e Engineering is concerned with designing and creating products
based on scientific methods and solutions to real-world problems.

e The arts stimulate creativity, integration of humanities disciplines
and innovative approaches, supporting the vision and aesthetics of the
projects.

e Mathematics develops logical and analytical thinking, the ability
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to model and solve complex problem situations.

STE(A)M education is characterised by a transdisciplinary approach
that allows for the pooling of knowledge and skills beyond the limitations
of individual disciplines (Nicolescu, 2002). The goal is for students to
understand the world around them, apply the perceived knowledge and
successfully solve real problems.

STE(A)M training is based on a number of pedagogical approaches,
each of which aims to develop complex skills and competencies in students,
according to the different areas of Bloom's taxonomy — cognitive,
emotional-affective and psychomotor. In the cognitive field, the emphasis is
placed on the acquisition and application of knowledge from various
scientific disciplines, combined with engineering design and practical
application. This is often accomplished through interdisciplinary projects
that stimulate students to apply their knowledge to solve real-world
problems, which improves their analytical and critical skills.

In the emotional-affective field, the motivation, attitudes and
attitudes of students towards learning and science are developed, which is
achieved through interactive and research methods, in which the student
actively participates in the educational process. This approach encourages
creativity, independent work and collaboration through methods such as
problem-based learning, project-based learning, gamification, and heuristic
techniques.

The psychomotor field involves the development of practical skills
through physical activity and the use of learning materials and technologies,
which supports the acquisition of motor and technical competencies
important for technical disciplines and engineering challenges.

The benefits of STE(A)M training are numerous and include better
absorption of learning material, a more comprehensive understanding of
objects and processes, as well as stimulation of cognitive interest and
motivation for learning. The STE(A)M encourages original thinking and
builds the ability to formulate research questions by supporting the process
of finding solutions and developing students' autonomy. Among the key
skills that STE(A)M develops are the so-called. '4C': Creativity, Critical
thinking, Collaboration and Communication.

The successful implementation of the STE(A)M requires a good
preparation of teachers, who must be familiar with the scientific content and
pedagogical strategies in teaching. However, in Bulgaria, the
implementation of STE(A)M faces several significant challenges: the lack

10
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of sufficient knowledge and confidence among teachers about the STE(A)M
approach, difficulties in finding suitable topics and learning resources, as
well as limitations in school infrastructure. The abstract nature of some
subjects, such as mathematics, combined with limited time in curricula,
makes it difficult to implement STE(A)M into practice.

In addition, schools in Bulgaria often do not have the necessary
facilities — modern technologies, equipment such as 3D printers, robots,
sensors, as well as classrooms adapted for social-cooperative work and
practical exercises. At the same time, the lack of systematic training and
support for teachers in this area slows down the integration of STE(A)M
training and reduces its effectiveness.

In response to these challenges, national programs and projects, such
as "Development of a School STEM Environment" (since 2020), aim to
create an appropriate learning environment and develop competences
among teachers. However, there is still a need for additional methodological
assistance, adaptation of teaching materials and better coordination between
institutions for the successful implementation of STE(A)M in Bulgarian
schools.

STE(A)M education in primary education is critical to laying the
foundation for the subsequent development of students. This stage requires
adaptation of learning approaches to the age specifics of children, using
game and research techniques that stimulate and support them in the
learning process. The integration of different disciplines and the provision
of specific, practical examples facilitate understanding and increase
motivation.

The interdisciplinary nature of STE(A)M learning at this stage
promotes a comprehensive understanding of the interconnections between
different areas of knowledge, and the methods stimulate curiosity and
creative thinking through multisensory experiences that increase students'
activity and motivation.

At the initial stage, a teacher usually teaches most subjects, which
facilitates the integration of the STE(A)M and the conduct of experimental
and practical activities. Research shows that teachers at this stage are among
the most well-informed about STE(A)M concepts and their benefits.

The early introduction of STE(A)M initiatives has a positive impact
on students' attitudes and perceptions of science and technology. The use of
interactive technologies and robotics in the primary grades creates
opportunities to familiarize yourself with the basics of programming and

11
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algorithmic thinking, helping to build a solid foundation for the junior high
and high school stages.

1.2. Innovative educational technologies

Modern education introduces a new model of learning based on
active interaction between teachers and students. This approach stimulates
communication, participation, self-assessment and a deeper understanding
of the learning content. To respond to the digital generation, teachers need
to adapt new teaching models using innovative technologies to make the
process more flexible.

Innovation is defined as the application of new methods or products
that lead to visible improvements and value in the real world. Therefore, in
education, innovation improves the acquisition of knowledge, skills and
behaviours, promoting effective learning and development.

Educational innovation contains three main elements: new learning
materials or technologies, new teaching methods, learning strategies or
activities, and changing beliefs (Fullan, 2007). Successful onboarding
requires skills, trust, and effort to communicate and organize effectively.

The reasons for the emergence and need for innovations are the
changed context, the growing requirements for education and the need for
its relevance to the labor market. The learning process should be oriented
towards the active learning and personal development of students.
Depending on their attitudes towards innovation, teachers are divided into
groups — from innovators to conservatives, with the most common being
enthusiasts, skeptics and conservatives (Ivanov, 2012).

The concept of an innovative educational environment includes seven
basic principles, with an emphasis on commitment, understanding,
emotionality, individuality, demands, feedback and horizontal connectivity.

In Bulgaria, innovative schools are subject to special regulations
aimed at introducing innovative practices in the organization and content of
education. The traditional, passive approach to learning is being replaced by
new methods that put the student at the center and stimulate their active
participation. Innovative methods include a new organization of space and
time, as well as the creation of personalized curricula and programs. The
teacher plays the role of a partner and mentor, supporting students'
autonomy and responsibility.

Among the innovative teaching methods are: the Z to A approach
(from practice to theory), collaborative teaching, problem-based learning,

12
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technology integration, the flipped classroom, mind mapping, experiential
learning.

Technology is increasing interest and media literacy by introducing
virtual classrooms, video conferencing meetings, and project-oriented
learning.

Success in innovative learning lies in a relaxed approach that reduces
stress, promotes autonomy and real knowledge acquisition.

Examples of good practices are the education systems of Estonia,
Denmark, Finland, Germany, with an emphasis on creative projects, games
and individual plans.

There are three main concepts for the use of games in the learning
process: the incorporation of game elements into the learning environment
(gamification), the creation and use of serious games for learning, and the
development of targeted games (according to Deterding et al., 2011).

The principles of the game approach are integrated into a didactic
model (Figure 1), implementing the following pedagogical processes in the
context of game interaction and reward strategy.

UWrPOBUAT NOAXOA B YHEBHUA NPOLIEC -
AVOAKTUHECKU MOAOEN

npedocmaenHe Ha 3HaHUA

aKkmusHo npudobusaHe
(KOHCMpPYUpaHe) Ha 3HaHUA

ureroBoO
B3AUMO-

OEWCTBMUE
CEMPYOHUYECMEO U criodernsaHe Ha

3HaHus
npoeepka Ha nNpuoobumu 3HaHUR

Figure 1. Didactic model of the game approach in the learning process

HAFPAQHA
CTPATEINUA

HalzpaxdaHe Ha 3HaHUR

Game Based Learning uses games to teach, evaluate, and increase
motivation. Game environments stimulate problem-solving and learning
goals that in the real world may be difficult or expensive to achieve.

Play is a universal method that, through simulation and role-playing
functions, supports creative thinking and social skills. The game approach
ensures full engagement and encourages cooperation between students.

Educational games have focused pedagogical goals and apply
didactic models that develop cognitive and social skills.

13
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Gamification introduces game elements, such as points, badges,
leaderboards, and challenges, which increase motivation and engagement in
the learning process. Therefore, teachers use it as a tool for interactive
environments. The main benefits include better memorization, long-term
retention of information and the development of students' critical thinking.

The difference between gamification and learning through games is
that the former transforms the entire learning process into a gaming
experience, while the latter uses games as a component of learning.

Studies show that over 90% of teachers use digital games that
increase student interest and success. In Europe, gamification is accepted as
an effective learning approach with proven results.

Escape Rooms are limited-time team games in which participants
solve complex riddles to complete a mission. These games are developed in
physical, digital or desktop form and are successfully adapted for
educational purposes. They combine practical and mental tasks and
stimulate teamwork, critical thinking and problem-solving. supported by
platforms such as Breakout EDU.

A successful mystery education room includes a carefully selected
storyline tailored to students' interests and ages. The riddles are diverse —
logical, physical and meta-riddles, organized according to different models
(open, sequential, road-based). Very often they are in the form of puzzles
like the one in Figure 2, and a simple game cycle (algorithm) is applied for
their implementation.

AN EXAMPLE ESCAPE ROOM PUZZLE

,

KaTuHapa Ha KyTvsTa €
TpuundpeH Koa.

WN3o6paxkeHuero
cbabpxa 1 Kyue, 2
KOTKW 1 4 nTyuw.
|| BpoAT Ha XUBOTHUTE
dopmupa
Kom6uHayunaTa 3a

Koraro ce orBopu
KyTusTa ce nonysa
Harpagarta. Ta moxxe ga
6bae ynvka, Apyr nb3en
wnn npegmer.

Figure 2. Loop play through an example riddle, puzzle type

14
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Props and technical equipment such as decorations, audio-visual
effects, sensors and robots create an atmosphere and support the learning
process, while respecting safety requirements.

The benefits of these rooms include higher motivation, active
engagement, the development of analytical thinking, and teamwork,
making learning a fun and effective experience.

The steps in creating a riddle education room include:

Step 1. Determination of the needs of the learners — the educational
requirements, the time frame, the levels of difficulty and the format of the
game (team or individual) are clarified. In the case of team play, the number
of participants in the teams is also determined.

Step 2. Development of a concept aimed at learners — the purpose of
the game and the way in which it supports the achievement of the set
educational goals are formulated. The mechanisms and criteria for
evaluating progress, the duration of the sessions are determined and clear
instructions and rules are created.

Step 3. Description of the storyline — a short summary of the plot is
created, which attracts the attention of the participants and connects all
activities in a single thematic connection, facilitating active participation.

Step 4. Defining a theme and creating an engaging story (narrative)
— a theme is chosen and a compelling plot is developed that introduces
players to the context of the game and the learning process. The story is
adapted to the age and interests of the students.

Step 5. Creating the sequence and content of the riddles — the riddles
are organized as a series of logical, physical and meta-riddles that lead to
the achievement of the final goal. A "room plan" is created to track the
progress of the game and key items.

Step 6. Securing equipment — physical and technical props related to
the theme (decorations, costumes, audio-visual effects, electronic devices,
etc.) are provided, observing safety and functionality.

Step 7. Design and arrangement of the space — arrange the space so
that it is convenient and easily accessible. The interior reflects the theme
and creates a suitable atmosphere for game interaction and learning.

These steps together build a structured and interactive learning
environment that stimulates critical thinking, collaboration, and active
learning through a playful approach.

For the implementation of STE(A)M-based learning in the primary
stage (4th grade), a technological model with an educational room of

15
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riddles can be used. This model is aimed at developing a comprehensive
pedagogical system that focuses on competencies related to STE(A)M
disciplines. It includes approaches, principles, goals, learning content,
methods, techniques and forms in accordance with the planned levels of
mastery of the learning material. pedagogical specialists for effective
communication and cooperation. The created technological model is
universal and can be applied in all academic disciplines at the primary
educational stage. It includes adapted classical and new methods generated
by technological progress.

There are four main steps in the structure of the technological model:

Step 1: Planning and design — choosing a theme and learning
objectives to support the acquisition of STEM topics or concepts through
interactive puzzles. Creating a detailed scenario for the puzzle education
room and developing a detailed plan for the placement of the puzzles using
technological tools such as applications and AR/VR.

Step 2: Integrate STEM concepts — identify key STEM aspects and
include problematic tasks requiring the application of scientific,
technological, engineering or mathematical knowledge. Use interactive
technologies to enrich the learning process such as AR/VR, sensors,
robotics, or online resources to support the STEM scenario in the puzzle
room.

Step 3: Organization and implementation — preparation of materials
and resources, including assignments, learning leaflets, equipment and
technologies. Conducting a lesson with time to solve tasks and riddles
related to STEM concepts, assessing the acquired knowledge and skills of
students, their solutions and applying a creative approach to specific
problems.

Step 4: Assessment and reflection — analysis of the results of the
lesson, as well as the skills and understandings achieved by students
regarding STEM concepts. Evaluation of the application of the model and
search for improvements for the application of the model in future lessons.

An essential element are the riddles, as part of the model, which must
correspond to the following categories:

e Historical stage: related to facts and chronology.

Theoretical stage: logical thinking and theoretical knowledge.
Creative stage: inspiration and problem-solving.

Cognitive stage: scientific facts and studies.

Biological stage: the relationships with human life.
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e Practical stage: application of skills.

e Reflection stage: analysis and synthesis of what has been
learned.

An integral part of the model for implementing STEM-based learning
through an educational room of riddles are the phases of creating an
educational riddle room, which are presented in Figure 3.
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Figure 3. Phases of creating an educational room of riddles

The created model supports innovative, active and constructive
learning with an emphasis on collaboration and creative thinking,
integrating technologies into the learning process to achieve effective
learning outcomes.

1.3. Age and cognitive characteristics of students in primary
education (4th grade)

During the early school years, the learning process becomes a central
element in mental development, starting as early as the last year of the
preschool stage. During this period, children experience an intensive
development of mental processes, strengthening physical strength and
socialization, and the foundation of the personality with an intellectual and
creative orientation is laid (Alexieva, 2023). The subjects form a worldview
important for personal development (Zhekova, Asenov, Nikolov, 1977). The
age of 7—12 years coincides with the second stage in ontogenesis (individual
development), which marks the beginning of various intellectual and
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creative principles (Nikolov, Alexandrova, Krastev, 2007). Academic work
becomes a major activity that increases cognitive and social experience.

According to Alexieva, the initial stage includes (Alexieva, 2023):

- First grade — transition from preschool to school environment
and adaptation to new requirements. The transition from play to learning is
extremely difficult, in which attention is directed to reading, writing and
calculus.

- Second and third grades — systematic assimilation of material
and active socialization.

- Fourth grade — differentiated acquisition of knowledge and skills
through an extended system of relationships.

At the end of the initial stage, students develop student self-
confidence, striving for self-affirmation and greater freedom of expression.
The transition to the junior high school stage often reduces interest in the
learning process, which creates a challenge for teachers to retain cognitive
interest (Nedelcheva, 2005).

Children in this range grow by an average of 5—7 cm per year and
weigh about 36 kg by age 11 (Western standards). Sexual maturity usually
begins at the age of 9—11, earlier in girls. Hand-eye coordination and fine
motor skills develop and allow for faster typing and complex physical
actions. At least an hour of aerobic activity 1s required to strengthen muscles
and bones (pre-puberty period).

Sensations and perceptions are a reflection of reality, aided by
auditory analysis and logical operations such as analysis and synthesis.
Imagination can be creative and fantastic (Andreeva, 1999). Memory,
including short-term (about 30 seconds) and long-term memory, is key to
learning. Thinking is visual-figurative (Siegler, 1996), and the transition to
logical thinking is characterized by "concrete operations" (Piaget, 1952).
Students develop a clearer distinction between subjectivity and objectivity.

The main characteristics of development are: improved perception,
analysis, understanding of cause and effect, reduction of fantastic thinking,
improvement of memory and attention (Davies, 2004).

Morality develops from concrete thinking towards abstract awareness
and decision-making in favor of the common good. Children realize that the
rules can be changed, and lying is sometimes justified (McGrath & Brown,
2008; Piaget). They understand different perspectives and learn more
independent solutions.
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School and friends are at the center of social development.
Friendships are based on reciprocity, sharing, and shared values (Rubin,
Bukowski & Parker, 1998). Girls show greater empathy (McHale et al.,
2003). At this age, social reputation and the desire to be respected are
important (Baltadzhieva, 2001).

Students begin to think more logically, develop abstract thinking,
concentrate for a longer time, learn language and arithmetic skills, are able
to tell stories and debate. Games are transformed into games with rules and
strategies. Their feelings become richer and they can focus their attention
for up to 20—25 minutes (Zhekova et al., 1977).

Conclusions at the end of Chapter One

Based on the theoretical analysis carried out within Chapter One, the
following conclusions can be formulated:

STE(A)M training is an integrated, interdisciplinary approach that
combines science, technology, engineering, arts and mathematics. Among
its key benefits are the stimulation of creativity, critical thinking, problem-
solving skills, and teamwork. In addition, it forms resilience and adaptability
— competencies that are strategically important for the future professional
and personal development of learners.

For the successful implementation of STE(A)M training, a clear
methodological framework is needed, which includes the application of
innovative pedagogical approaches such as project-based learning, problem-
based learning and gamification. These methods not only support cognitive
development, but also strengthen the emotional engagement and motivation
of learners, create an interactive and engaging learning environment that
enhances students' motivation and stimulates their active participation in the
educational process.

The developed technological model for the implementation of
STE(A)M-based learning through a mystery room offers a comprehensive
innovative framework that synthesizes pedagogical methodologies with
modern technological resources. The model is particularly effective in the
primary educational stage, where a playful and interactive approach
promotes learning through experiential and experimentation. It is the age
and cognitive characteristics of students at the primary educational stage
(4th grade) that imply the need to adapt the educational content and the
applied methods in order to stimulate their natural interest in discovery and
innovation.
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CHAPTER TWO ORGANIZATION AND METHODOLOGY OF
THE STUDY

Chapter Two presents the overall organization and methodological
framework of the research aimed at developing, testing and evaluating a
technological model for STE(A)M-based learning through an educational
room of riddles in 4. class. The process is structured in four successive
stages and combines theoretical modeling with empirical validation.

2.1. Purpose and tasks

The research is based on a clear conceptual framework, and its
purpose and specific tasks to be achieved are defined at the outset.

The purpose of the study is related to the development of a
technological model for the implementation of STE(A)M-based learning
through the educational room of riddles, adapted to the needs of students in
the primary educational stage (4th grade).

The tasks are divided into two parts.

A) Scientific and theoretical:

- Analysis of the principles of STE(A)M training, including cross-
subject, practical orientation and solving real problems;

- Study of the methodology of the educational room of riddles as a
tool for the development of cognitive and social skills;

- Exploring the integration of the puzzle room in STE(A)M learning
and focusing on combining gamification and STE(A)M principles to create
innovative learning environments;

- Development of a technological model combining STE(A)M and
gamification, adapted to the age and knowledge of students from 4. class.

B) Empirical:

- Approbation of the model in a real learning environment with
students from 4th grade;

- collection and analysis of data on its effectiveness;

- formulation of conclusions and recommendations for practice and
future research.

2.2. Object and subject of the study

The object of the study covers STE(A)M-based training and its
application in the primary educational stage.
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The course focuses on the development, testing and analysis of a
technological model for STE(A)M learning through an educational room of
riddles in the 4th grade.

The developed model integrates the STE(A)M methodology with the
game and exploration approach of the riddle room, promoting active
learning, logical thinking, creativity and teamwork.

The educational room of riddles was chosen for its interactivity and
motivational effect, offering innovative pedagogical strategies tailored to
the needs of primary education.

The subject and the subject are interrelated, with the subject setting
the broad framework of the STE(A)M training, and the subject specifying
its practical application through the technological model. This relationship
provides a scientific basis for evaluating the effectiveness of the proposed
concept.

2.3. Research hypotheses and approaches to their proving

The study formulates five main hypotheses related to the application
of a technological model for STE(A)M learning through an educational
room of riddles:

1) Cognitive Development Hypothesis: If the Mystery Room is
used to integrate the STE(A)M approach, then students will improve their
problem-solving and critical thinking skills.

It is assessed through tests to assess problem-solving skills before and
after the intervention and analysis of the results of tasks requiring logical
and analytical thinking.

2) Social skills hypothesis: 1f students work in a team in the context
of the educational room of riddles, then their cooperation and
communication skills will improve.

Proof tools include monitoring group dynamics and using scales to
assess teamwork interaction, as well as feedback from students through self-
assessment and teamwork assessment questionnaires.

3) Learning Achievement Hypothesis: If the technological model
for STE(A)M-based learning is implemented, then the learning
achievements of students in the STE(A)M disciplines will improve.

The evidence tools include test scores in subjects such as
mathematics, science and foreign language (before and after the
intervention), assessment of the implementation of project assignments and
problem solvers within the educational room of riddles, as well as a
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comparative analysis of the average grade in subjects, type of school and
period — before and after the intervention.

4) Hpypothesis of innovation in the pedagogical process: 1f
teachers apply the technological model for STE(A)M-based learning
through a riddle room, then their pedagogical approach will become more
innovative and adaptable.

The proof tool is a survey to assess teachers' satisfaction and
perception of the model.

5) Parent impact hypothesis: 1f parents are informed and actively
involved in the process of implementing STE(A)M-based learning through
the Mystery Learning Room, then their support for applying this approach
to their children's education would increase.

The proof tool is a survey among parents.

Approaches to proving hypotheses combine quantitative methods
(tests, surveys, expert assessments) and qualitative methods (observations,
document analysis), the use of comparative data analysis before and after
the intervention, and statistical tests (t-test, Cochran Q-test, Friedman test).
This systematic approach ensures objectivity and credibility of the results
and supports the development of innovative pedagogical practices.

2.4. Research methods and operationalization

The study uses three main groups of methods for data collection and
analysis: quantitative, qualitative and statistical, each operationalized to
ensure reliability and validity in evaluating the technology model for
STE(A)M training through an educational room of riddles.

Quantitative methods measure numerical indicators and effects on the
educational process. The main tools are:

-tests of academic achievement in STE(A)M disciplines conducted
before and after the model;

-questionnaires with a Likert scale to measure the motivation and
attitudes of students, teachers and parents;

-evaluation of group work and individual tasks through predefined
criteria for logical thinking, creativity and success.

Qualitative methods aim at a deeper understanding of the process and
motivations:

- Monitoring the learning process with protocols for documenting
behaviors and interactions;
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- Analysis of creative products and project assignments through
thematic analysis.

Statistical methods are used for data processing and hypothesis
verification:

-descriptive statistics (mean, median, fashion, standard deviation);

-significance tests (t-test, Cochran Q-test, Friedman test).

The study used a quasi-experimental control group design, in which
the experimental group applied the technological model of an educational
room to riddles, while the control group followed the traditional learning
approach. Despite the lack of random distribution, combining pre- and post-
tests with significance tests allows for an objective assessment of the effect
of the intervention.

In the dissertation, three technological variants of the educational
room of the riddles are described, which are used as applications for
approbation of the model:

1. "Orderlies in the forest" an ecological scenario for the
development of environmental awareness and problem solving with
practical tasks.

2. "In Pippt's Kitchen with Tommy and Anika" — gamification for
developing language and interdisciplinary skills through creative and
practical tasks.

3. "Around the World on a cruise ship" — solving a series of logical
problems.

All scenarios are based on gamification, teamwork and experiential
learning, and have been tested in different types of schools and localities.

The nature of the method, research objective, application and data
collection for each of the three scenarios are presented in Table 1.

Table 1. Description of the developed scenarios

Scenarios

Orderlies in the forest
(Protocol No. 3)

In Pippi's kitchen with
Tommy and Anika
(Protocol No. 2)

Circumnavigation of the
world by cruise ship
(Protocol No. 1)

Gist

A game scenario in which
students play the role of
eco-detectives working for
nature conservation. The
tasks in the game are
consistent with the subject
"Man and Nature" and cover
environmental and
cognitive aspects.

A game scenario
combining  gamification
and language training, with
students working on tasks
related to vocabulary,
practical  thinking and
interdisciplinary

connections. Play is used

The game is a simulation
model  that integrates
mathematical problems
with practical skills for
working with geographical
maps  and managing
resources. Students play the
role of navigators,
economists and sailors.
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as a means of experiential
learning.

Research
objective

Exploring the impact of
environmental tasks on the
development of
environmental  awareness
and problem-solving skills.

Assessment of the
effectiveness of the game
approach for the
development of language
competences and practical
skills.

Analyzing the impact of
gamification on the
acquisition of mathematical
knowledge and its
application in practice.

Application

Students  participate  in
modules  that  require
observation, analysis and
implementation of practical
tasks (e.g. visual and
mathematical puzzles).

Students complete
thematic tasks - translation
of recipes, mathematical
problems and  create
creative projects.

Students solve a series of
logical problems related to
calculating distances,
managing ship resources
and financial planning.

Data
collection

Observations on student
participation and activity,
surveys to assess
satisfaction and motivation,
as well as tests to check the
acquired knowledge.

Observations on group
work, interviews  with
students about the
perception of the game
approach and tests to
assess language
achievements.

Quantitative data through
tests of mathematical
achievements, qualitative
data through observations
and feedback from students
and teachers.

All scenario variants use gamification, interdisciplinarity and group
work, providing a practical basis for analyzing the effectiveness of the
model.

2.5. Stages of research

The study is organized in four stages, guaranteeing scientific
reliability and applicability:

First stage — planning and preparation. Formulation of objectives,
methodological framework, sample selection, development of tools
(surveys, tests, protocols) that are piloted for reliability.

Second stage — conducting the study. The technological model is
applied in a learning environment, data are collected through observation,
surveys and tests, a control group for comparative analysis is included.

Third stage — analysis and presentation of the results. Quantitative
and qualitative data are processed using statistical methods, interpreted in
the context of research hypotheses and visualized through tables and graphs.

Fourth stage — implementation in practice. Development of
methodological guidelines, promotion of results by participating in seminars
or publications, preparation of training materials (manuals, instructions,
training resources), monitoring the sustainability and adaptability of the
model in real conditions.
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This structure ensures a smooth transition from theory to practice and
ensures the validity and applicability of the results in the educational
environment.

2.6. Description of research groups

Three key groups participate in the study that guarantee the reliability
and completeness of the results: students, teachers and parents. These
groups provide different perspectives on the effectiveness and impact of the
technology model for STE(A)M learning through a mystery room.

The selection of participants from different types of schools (primary,
primary and secondary) and settlements (village, regional town and large
regional town) ensures the representativeness and validity of the results
presented in Table 2.

Table 2 . Participants in the study

Data collection

Group Count Characteristics Purpose of participation methods
Students from 4. grade in | Research on motivation, | Before/after tests,
primary  school,  primary | problem-solving  skills, | observations, attitude

Students 62 | school, secondary school, | social and academic | surveys, and feedback.

village, medium-sized and | achievement.
large regional town.

Teachers of the studied | Analysis of impressions, | Surveys for feedback
students, with different levels | attitudes and experiences | on the learning process

Teachers 20 . . i . . . .
of education, internship and | from the application of the | and interaction with

PCS. model. students.
Parents of students, with | Analysis of impressions, | Surveys on the
different levels of education | attitudes and support for | perception of
Parents 42 | and experience, from villages | innovative methods. motivation and
and towns of different sizes. development of
children.

The model is built as an integrated system in which all components
work synergisically, providing a holistic and consistent approach to the
implementation of STE(A)M learning through an educational room of
riddles.

Conclusions at the end of Chapter Two

A clearly structured and scientifically based methodological
framework for the development and testing of a technological model for
STE(A)M-based learning through the educational room of riddles is
presented.
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The methodology applies a mixed approach, combining quantitative,
qualitative and statistical methods for multi-layered performance
evaluation. The toolkit includes didactic tests, surveys with a 5-point Likert
scale for students, teachers and parents, standardized monitoring and expert
evaluation protocols, as well as statistical analyses — t-test, Cochran Q-test
and Friedman test. All of them allow hypothesis testing and identifying
significant changes in achievement, motivation and group dynamics.

The research is carried out in four successive stages: planning,
implementation, analysis and implementation in practice. In the empirical
phase, 62 students from 4. grade, 20 teachers and 42 parents from primary,
primary and secondary schools, ensuring representativeness and objectivity.
The three developed scenarios — "Orderlies in the Forest", "In Pippi's
Kitchen" and "Around the World on a Cruise Ship", serve as applied
platforms for approbation of the model and demonstrate its
interdisciplinarity, gamification and opportunities for the development of
"4K" skills.

A particularly strong side of the study is the operationalization of each
element — from the formulation of hypotheses to the collection and analysis
of data. Each question, observation and test is related to a specific research
task, which provides consistency and a logical connection between theory
and practice. The use of an expert assessment by 15 specialists will further
validate the pedagogical value of the scenarios and their methodological
durability.
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CHAPTER THREE ANALYSIS OF THE RESULTS OF THE
EXPERIMENTAL STUDY

The empirical data from the study dedicated to evaluating the
effectiveness of the technological model of application of the educational
room of riddles as an integrated STE(A)M approach in the primary stage of
education are presented, analyzed and interpreted. The study applies a
mixed methodological design, including quantitative data from expert
assessment, monitoring protocols, surveys among teachers, students and
parents, as well as test results in key academic disciplines. All data are
processed through descriptive and comparative statistics using IBM SPSS
Statistics and MS Excel, including:

*Descriptive statistics (mean, standard deviation, variance, median,
fashion, rank);

» O-Cochrane test (for dichotomous dependent variables);

*Friedman test (for repeated measurements);

«t-tests for independent and dependent samples;

* Confidence intervals (95%).

3.1. Presentation and analysis of the results of expert evaluation
of the three educational game scenarios

The expert assessment includes 15 teachers teaching at the primary
stage of education, all with a master's degree and heterogeneous teaching
experience - from 0 to over 20 years. The distribution by professional
qualification degrees (SCS) is as follows:

«40% — III ACS;
«26.7% — Il and IV ACL;
« 6.7% — without an awarded degree.

This provides a well-balanced and qualified expert group capable of
evaluating both the pedagogical and methodological validity of the
scenarios.

The assessment was conducted through a questionnaire with eight
questions, formulated on a five-point Likert scale (1 — strongly disagreed, 5
— strongly agreed).

The analysis is based on descriptive statistics, with emphasis on
mean, standard deviation (Std. Deviation) and variance (Variance) and is
presented in Table 3, which is a summary of Tables 2, 3,4, 5, 6, 7, 8 and 9
of the dissertation.
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Table 3. Descriptive statistics of Expert Questionnaire
Question No Mean SD \Y Description
Potential for developing critical thinking, problem
solving, collaboration.
Impact on learning achievements, pedagogical
transformation, role of parents.
Age adequacy, compliance with curricula, achievement
of goals.

Q1; Q2 480 | 0414 | 0171

Q3; Q4; Q5 4,60 0,507 0,257

Q6; Q7; Q8 480 | 0410 | 0,168

As can be seen from the Table, Q1 and Q2 have the highest average
value (4.87) and an extremely low standard deviation (0.171), which shows
an almost complete consensus among experts on the effectiveness of the
method in the cognitive and social development of students.

03, 04, Q5 have lower averages (4.60) and higher variance (0.257),
reflecting moderate confidence and some caution possible due to differences
in access to resources, institutional flexibility or experience with innovation.

06, Q7, O8 received an average value (4.80), with a low deviation,
which confirms that the scenarios are perceived as contentively legitimate,
age-appropriate and well integrated into the curriculum.

It is important to note that for all respondents, the ratings varied in
the narrow range between 'Agree' (4) and 'Strongly agree' (5), with no lower
values observed. This phenomenon indicates that potential reserves do not
relate to the underlying performance of the model, but rather to the degree
of impact and its time horizon. This caution is most likely due to the need to
validate the results through lengthy and multicontextual empirical studies.

The analysis of the survey of the expert group reveals that for them
the game model "Educational Room of Riddles" is an effective mechanism
for the development of interdisciplinary skills, cognitive and social
competencies, with proven pedagogical potential and motivational effect.

The results of this evaluation imply recommendations for the
continuation of the introduction of game-based and STE(A)M-based
practices aimed at combining theoretical knowledge with active teamwork,
as well as strengthening teachers' preparation for innovative pedagogical
approaches.

3.2. Presentation and analysis of monitoring protocol data

To assess team activity in a real learning environment, monitoring
protocols filled in by school principals were analyzed. The aim is to
establish whether there are statistically significant differences in teamwork
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between the initial, intermediate and final stages in the three educational
scenarios.

Due to the dichotomous nature of the data ("yes"/"no"), the Cochrane
O-test was applied — a non-parametric method for comparing proportions
in dependent groups.

The prerequisites are:

1. The dependent variable is dichotomous (1 = success, 0 = failure).

2. The independent variable — three time stages.

3. The sample studied is representative.

4. The sample size is sufficient (N > 12).

After calculating the value of the Q-test, it was compared with the
value of the chi-square distribution with two degrees of freedom (since £ =
3 groups — observations at the beginning, middle and end). At p <0.05, it is
assumed that the differences in proportions between the time stages are
statistically significant.

The results of Protocol No. 1, dedicated to the game scenario "Room
of Riddles: Around the World on a Cruise Ship" in all types of schools —
primary (primary school), primary (NU) and secondary (SU) — are
summarized in Table 4 and show statistically significant differences.

Table 4. Cochran's Q-test for all types of schools

Type of school Q-Cost Critical value (0=0.05) Conclusion
DU 18,33 11,07 Significant difference between
stages.
NF 16,67 11,07 Significant difference between
stages.
SuU 12,00 11,07 A marginally  significant
difference.

For the GT, the value of Q significantly exceeds the critical value
(11.07), which proves a clear progress in the results between the three stages,
which makes it the strongest institutional environment for the manifestation
of the effect of the game method. The MC also has a significant value above
the critical value, which indicates positive dynamics in learning activity.

The Cochran Q-test was then applied to protocols No. 2 and No. 3,
which looked at game scenarios in a foreign language (English) and natural
science education (man and nature). The results of these two protocols were
more moderate.

For Protocol No. 2, there are no statistically significant differences in
time for any of the types of schools, with the closest value for primary school
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—10.00, but it is below the critical limit. This fact speaks of stability in team
activity, but a lack of pronounced progress in a short time observation.

The data for Protocol No. 3 show that only in primary school
(Q=12.00) there is significant dynamics between the stages, while in
primary school (10.71) and secondary school (9.00) there are no statistically
significant differences, i.e. students in primary school have greater
sensitivity and adaptability to this type of natural science game activities.

The aggregated data from Table 5 highlight that the highest Q values
are observed in the primary schools for Protocols No. 1 and No. 3, which
speaks of the adequacy and greater effect of the method in this institutional
category.

Table 5. Cochrane Q-Test Values by Protocols and Schools

Type of school | Protocol No 1 (Q) Protocol No 2 (Q) Proto(c (g)l No3 Critical value
Oou 18,33 10,00 12,00 11,07
WELL 16,67 8,57 10,71 11,07
SOuU 12,00 6,00 9,00 11,07

The visualization of the results in Figure 4 (Figures 31 and 32 in the
dissertation) clarifies the comparisons between the types of schools
according to the protocols, providing a clearer picture of the dynamics of
teamwork in different contexts. Primary schools maintain a more stable but
significant performance, and secondary schools demonstrate more
homogeneous and moderate dynamics.
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Figure 4. Comparisons of school types by protocol

The analysis of the data suggests that the STE(A)M game model is
particularly effective and applicable in disciplines with a focus on cognitive
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and team learning, with the expressed progress being maximized in the
mathematical scenario.

To further check the dynamics over time, the Friedmann test was
applied, designed for nonparametric analysis of repeated measurements.

The average scores of the teams from NM Protocols No. 1, 2 and 3
rose steadily from the beginning to the end — from 3.50, 3.83 and 3.67 to
the maximum 5.00 in all three scenarios, respectively (Table 6). This
demonstrates a significant improvement in team effectiveness.

Table 6. Average scores by period for each protocol in the NM

Period Minutes No 1 Minutes No 2 Minutes No 3
At the beginning 3,50 3,83 3,67
In the middle 4,33 4,67 4,50
To the Edges 5,00 5,00 5,00

The graphical representation in line graphs (Figures 34, 35 and 36 in
the dissertation) clearly shows and confirms the upward trend, with the
highest degree of rise being in Protocol No. 1, which coincides with the
results of the Q-test.

A similar trend was reported in the GTC (Table 17 in the dissertation),
where the average grades follow the same trajectory — from 3.50 to 5.00 in
all protocols.

Secondary schools also showed an increase in the grades, with the
initial indicators slightly higher for Protocols No. 2 and No. 3 (3.67), and at
the end they reached 5.00 (Figure 5).
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Figure 5. Linear graph of average grades under all SU protocols

The Friedman test confirmed significant time differences across all
DU protocols with p-values of 0.0025, 0.0045, and 0.0082, respectively,
which rejects the null hypothesis of uniform medians (Table 16 in the
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dissertation) and it can be concluded that time progress is statistically
significant in all cases.

The conclusions of the analysis clearly show that educational game
scenarios as a method of STE(A)M training have a convincing effect on the
development of team skills, cognitive activity and achievement of
educational goals. The effect is particularly pronounced in mathematical
and natural science disciplines, while in language scenarios there is a stable
but more constant participation. This requires recommendations for
flexibility in adapting game scenarios according to the environment, age
characteristics and subject, as well as providing methodological support for
teachers in applying this innovative approach.

3.3. Presentation of the results of a survey among teachers

The survey was distributed among 20 teachers who used the method
in their practice in order to assess their opinion on the applicability and
effectiveness of the STE(A)M approach, implemented through the game
model "Educational Room of Riddles". The questionnaire includes 18
questions on the Likert scale, covering a wide range of dimensions — from
general impressions and perceived effectiveness of the game method,
through the integration of subjects, motivation of students, to the impact on
the professional development of teachers. For the analysis of the results,
established methods of descriptive statistics were used through IBM SPSS
Statistics and MS Excel, and these results are presented in the following
Table 7.

Table 7. Descriptive statistics of the questions from the Teacher Survey (based on Tables
19 — Table 35)

Question | Mean SD Question | Mean SD Question Mean | SD
Q1 4,95 0,308 Q6 5,00 0,000 Q11 490 | 0,308
Q2 4,95 0,224 Q7 4,95 0,224 Q12 4,80 | 0,410
Q3 4,90 0,308 Q8 4,85 0,366 Q13 4,85 | 0,366
Q4 4,85 0,366 Q9 4,90 0,308 Q14 4,80 | 0,410
Q5 4,95 0,224 Q10 4,85 0,366

The results of Q1 testify to an extremely high degree of satisfaction
and consensus among teachers, with 86.96% of respondents giving a
maximum grade of 5 and the remaining 13.04% giving a grade of 4. The
absence of grades below 4 once again emphasizes the positive perception of
the model (Table No. 19 and Figure No. 40 in the dissertation). The
conclusion is that the data empirically support the validity of hypothesis No.
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4, The study found that the application of the technological model for
STE(A)M-based learning through a play-based approach stimulates the
professional development of teachers, making their pedagogical approach
more innovative and adaptable.

The situation is similar for Q2, related to the usefulness of the form
of learning for students, where the average score is 4.95, with an even lower
standard deviation of 0.224 and a variance of 0.050. These results
demonstrate a high degree of agreement that the game model is an effective
tool for increasing learning motivation and activity among children (Table
No. 20 in the dissertation).

(03 measures the success of interdisciplinary integration through the
model, with an average score of 4.90 and a standard deviation of 0.308.
Teachers unequivocally agree that the integration of subjects has been
achieved successfully, which strengthens the thesis of the wide application
and effectiveness of the game methodology in the learning process (table
No. 21 in the dissertation).

Q4's responses showed that teamwork and mutual assistance among
students were effectively encouraged (Table No. 22 in the dissertation).

A high opinion of the role of game elements and obstacles in
achieving learning objectives is evident from QS5 , with an almost maximum
average score of 4.95. This indicates a widely shared approval of
gamification as an important stimulator of the learning process (Table No.
23 in the dissertation).

Question Q6 is particularly indicative of absolute unanimity for the
high motivation and engagement of students during the play activity, since
the average grade is maximum — 5.00, and the standard deviation and
variance are equal to zero (Table No. 24 in the dissertation).

Q7 responses related to the assessment of teacher preparation and
organisation showed an average value of 4.95 and a low standard deviation
of 0.224. This reflects a high degree of satisfaction with professional
training, which is a key factor for the successful implementation of new
methods in educational institutions (Table No. 25 in the dissertation).

The high level of satisfaction with the quality of the scenery, the
materials used and the organization was confirmed by Q8, showing that the
visual and material environment contribute significantly to the successful
implementation of the approach (Table No. 26 in the dissertation).

The willingness to recommend the peer model (Q9) was assessed
with an average of 4.90, with little variability, which is evidence of good
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confidence in the approach and confidence in its applicability and
effectiveness (Table No. 27 in the dissertation).

Question Q10 about the teachers' intention to continue applying the
proposed model received an average score of 4.85, indicating sustainable
support and future commitment to the approach (Table No. 28 in the
dissertation).

The high opinion of the impact of the model on the cognitive
development of students, especially in the development of problem-solving
skills and critical thinking, is evidenced by an average score of 4.90 on Q11
with a small variance, confirming the pedagogical value of the game
approach (lable No. 29 in the dissertation).

Similarly, Q12 proves that social skills such as collaboration and
communication are also developed effectively through the model, with a
high average score of 4.80 and a moderate standard deviation of 0.410
(Table No. 30 in the dissertation).

Question Q13, related to the expected improvement in learning
achievement, was rated at an average of 4.85, reflecting a strong belief in
the educational effect of play on achievement in the STE(A)M disciplines
(Table No. 31 in the dissertation).

The impact of the model on teachers' professional development is
evident from Q14, where the average score is 4.80 with low variability,
which means that teachers positively perceive innovation and adaptability
in pedagogical practice, thanks to the model (table No. 32 in the
dissertation).

The high level of support from teachers for the active involvement of
parents in STE(A)M-based activities was reported in Q15 with a score of
4.75, highlighting the potential of the model to transform school-family
relations (Table No. 33 in the dissertation).

Similar is the willingness of teachers to implement the model in
everyday practice according to Q16, with a maximum average score of 4.95,
which clearly shows that positive attitudes turn into concrete engagement
(Table No. 34 in the dissertation).

Satisfaction with the results of the lessons conducted on the
STE(A)M methodology is almost complete, with a score of 4.95 on Q17,
which indicates successful implementation and professional satisfaction
among the respondents (table No. 35 in the dissertation).

These data provide statistically significant evidence for the high
effectiveness of the applied pedagogical approach, for the successful
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implementation of the set learning goals, for professional satisfaction of
teachers.

The statistical analysis by type of school showed that the grades of
teachers from Primary School and Secondary School are maximum (average
5.00), while in primary schools there is a slightly higher variability and an
average grade of 4.84, which, however, remains at a high level of
satisfaction (Table No. 36 in the dissertation).

Comparisons between the types of schools through t-tests show
statistically significant differences in some questions such as Q12, Q14 and
Q15, where teachers from NU express a higher assessment of the
effectiveness of the approach and support for it, emphasizing the greater
suitability of the method for younger students (Table No. 45 in the
dissertation).

The comparison by teaching experience shows that teachers with less
experience of up to 10 years are more homogeneous and give higher grades,
while those with more experience are more critical, especially in terms of
social skills and innovation, with no statistically significant differences
(Table No. 50 in the dissertation).

Confidence intervals support the conclusions reached so far, as there
are no significant differences between the groups on many of the issues,
which indicates consistency of attitudes in terms of the STE(A)M approach
and the game model (Tables 51 and 52 in the dissertation).

The results of the survey of teachers clearly show that they perceive
the STE(A)M model through the educational room of riddles as an effective,
applicable and innovative tool. It increases students' motivation and
academic achievement, supports the development of social and cognitive
skills, as well as the integration of academic subjects. Its adoption 1s broad
and includes readiness for long-term use in educational practice, and a
differentiated approach to adaptation according to the specific features of
the school environment is also recommended.

3.4. Presentation of the results of a survey among students

For the purposes of this study, a total of 62 students from different
types of schools were interviewed — primary, primary and secondary,
studying at the primary stage of education. The questionnaire contains 17
questions with a 5-point scale (1 — strongly disagree, 5 — strongly agree) and
the data are summarized in Table 8, developed from Table 53 in the
dissertation - Descriptive statistics for questions Q1 — Q17 at N = 62.
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Table 8. Descriptive statistics for questions Q1 — Q17 at N = 62

Quilsslon Mean SD Quilsélon Mean SD Quils:on Mean SD
Q1 4,9677 | 0,17813 Q7 4,9355 | 0,24768 Q13 4,8065 | 0,39830
Q2 4,9032 | 0,29806 Q8 4,8871 | 0,31906 Q14 4,7903 | 0,41040
Q3 4,9194 | 0,27451 Q9 4,9194 | 0,27451 Q15 4,7742 | 0,42153
Q4 4,8226 | 0,38514 Q10 4,9355 | 0,24768 Q16 4,9516 | 0,21633
Q5 4,9355 | 0,24768 Q11 4,7581 | 0,43175 Q17 4.9355 | 0,24768
Q6 4,9032 | 0,29806 Q12 4,7903 | 0,41040

From the graph of Ql's responses in Figure 6, the dominance of
grade 5 is visible, which visualizes the highly positive impression of
students in the educational room of riddles.

O6woto Bu BnevatneHue ot npunaraHeTo Ha
STEAM nogxopa upes "ObpasosarenHa cras
Ha 3aragkute" belue nonoXxuTenHo.
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Figure 6. Distribution of answers to Question No. 1

Question Q11 has the largest standard deviation of 0.43175 and the
highest variance of 0.186, indicating greater variability in opinions about
this aspect (cognitive skills). Questions Q4 and QII1 have the highest
variance, 0.148 and 0.186, respectively, indicating more heterogeneous
assessments and more substantial distraction.

To check differences of opinion among students from different types
of schools, t-tests were conducted for independent samples between students
from primary schools and primary schools. The data on descriptive statistics
on questions and groups are shown in Table 54 in the dissertation. The
average values of the answers between the students from the Primary School
and the Primary School are extremely high — they vary between 4.70 and
5.00 for all questions, which confirms a strongly positive attitude towards
the applied method on the part of the students.
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The standard deviations on the questions were low (below 0.50),
indicating that satisfactory and agreement were homogeneous among the
participants.

All p-values in the comparison are greater than 0.05, which means
that there are no statistically significant differences in the opinions of
students from Primary School and Primary School. Confidence intervals of
differences include zero, which further supports the absence of statistically
significant differences (Table 55 in the dissertation).

The Q17 analysis, measuring overall satisfaction with the learning
carried out, confirmed a high correlation with Q16 related to engagement
during the lesson, which is a sign of positive emotional engagement and a
meaningful learning process.

A similar trend of consistency was confirmed in the comparison
between students from National University and Secondary School — the
average values and standard deviations are very similar, and the results of
the t-significance tests do not show statistical differences (Table 56 in the
dissertation). Similarly, the t-test results presented in Table 57 in the
dissertation show that all p-values are greater than 0.05, highlighting the
lack of a statistically significant difference between the two groups.

The analysis of the students from Primary School and Secondary
School again confirms the similarity of opinions, since the average values
vary in a narrow range and do not imply significant differences (Tables 58
and 59 in the dissertation).

The results are particularly stable on issues related to the overall
impression of the lesson, its motivation and organization (e.g. Q1, O35, 09,
Q16 and Q17) and this indicates that the "Mystery Room Education" can be
successfully applied in different educational levels without loss of
effectiveness.

The results of the survey among students show an extremely high
level of agreement and satisfaction on all measured indicators. Students
positively evaluate various aspects of the game model — from motivation,
interest, to teamwork and the development of cognitive skills.

The data show that the model manages to create an engaging and
effective learning environment that stimulates both individual and social
development of students, and confirms the universality of its application in
all types of schools.
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3.5. Presentation of the results of a survey among parents

In this part of the dissertation, the results of the survey among the
parents of the fourth graders, who were present during the conduct of the
three educational scenarios in a real learning environment, are presented and
analyzed. Parents' feedback provides an important additional perspective on
the effectiveness of the Mystery Learning Room game method as an
integrated part of the STE(A)M learning of students from 4. class.

The survey, conducted among parents, covered 42 participants and
included 16 questions (Q1 — Q16). All questions were evaluated on a five-
point Likert scale, where the observed results ranged from a minimum of
4.00 to a maximum of 5.00. The average values for the questions ranged in
a narrow range between 4.83 and 4.88, indicating an extremely high level
of positive ratings (Table 9).

Table 9. Elements of Descriptive Statistics on Questions (N = 42)

Question No Mean SD Question No Mean SD
Q1 4,8810 | 0,32777 Q9 4,8571 | 0,35417
Q2 4,8810 | 0,32777 Q10 4,8810 | 0,32777
Q3 4,8571 | 0,35417 Q11 4,8810 | 0,32777
Q4 4,8571 | 0,35417 Q12 4,8571 | 0,35417
Q5 4,8810 | 0,32777 Q13 4,8571 | 0,35417
Q6 4,8571 | 0,35417 Q14 4,8333 | 0,37720
Q7 4,8810 | 0,32777 Q15 4,8333 | 0,37720
Q8 4,8810 | 0,32777 Q16 4,8810 | 0,32777

Parents give average scores between 4.8333 and 4.8810, the highest
for motivation, commitment and willingness to recommend — this confirms
the social legitimacy of the model.

In the part with the results of the t-test on questions between primary
(1) and primary school (2), no statistically significant differences were
found (all p > 0.05), which shows that the type of school does not
significantly affect parental assessments and perceptions (Table 61 in the
dissertation). The averages for the two groups ranged between 4.7 and 4.88,
representing a highly positive attitude on all the issues considered, with the
differences between the groups being minimal and ranging from +0.05 to
+0.175.

The most significant difference was recorded in question Q4 (-
0.175), in which parents of primary school students gave a lower score, but
this result was also not statistically significant (p=0.405).
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All p-values from the t-test are above 0.05, which confirms the
absence of significant differences between parental assessments according
to the type of school.

A similar picture was observed in the comparison of parents from
Primary School (1) and Secondary School (3), where again no statistically
significant differences were found on any of the 16 questions (Table 62 in
the dissertation). The averages for the two groups were high and almost
identical, ranging from 4.80 to 4.92, and all p-values were greater than 0.05,
which is an indicator of similar attitudes and perceptions.

In the analysis between parents of students from Primary School (2)
and Secondary School (3), no significant differences were also found (Table
63 in the dissertation). The average scores on each question are very close —
the differences do not exceed 0.042 points, which demonstrates unanimity
and similar impressions.

The whole group of parents shows a high degree of agreement and a
positive attitude towards the effectiveness of the game method. Even the
largest difference (in Q3 with p=0.230) does not cross the statistical limit.

The absence of significant differences in perceptions by type of
school points to the universal applicability and positive acceptability of the
model. These aggregated data are evidence of the pedagogical adequacy and
social legitimacy of the game STE(A)M approach 1n all school contexts.

An additional comparative analysis examines the parents'
assessments by type of settlement — regional town and village. The results
of the t-test did not show statistically significant differences on the 16
questions between the parent groups (Table 64 in the dissertation). The
average ratings of parents from rural areas are slightly higher, ranging
between 4.88 and 4.92, while in district cities the ratings are usually around
4.83. The maximum differences in average values are between —0.04 and —
0.14, which 1s minimal and has no practical significance, presented in Figure
7. All p-values in the comparison are above 0.05, confirming that the type
of settlement is not a factor for a significant difference in the estimates.
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Figure 7. Difference (average) and p-value from the t-test of parents' grades by type of
settlement — regional city vs. village

The data from the survey prove that parents of fourth-graders
perceive the method as an effective and valuable educational tool.

The results of the survey show an extremely positive assessment by
these participants in the study of the use of the game method "Educational
Room of Riddles" as an integral part of the STE(A)M training of students
from 4. class. The consensus in their answers confirms unity and positive
attitude towards the educational innovation under consideration. These data
coincide with and complement the results of the surveys of students and
teachers, proving the sustainability and acceptability of the model in a
broader educational context.

3.6. Evaluation of the effectiveness of the application of the game
method ""Educational Room of Riddles'" as an integrated element in the
STE(A)M training of students from 4. grade through test results.

To assess the effect of the game method on the learning achievements
of 24 students from the National University, preliminary and subsequent
tests in mathematics, English and man and nature were compared. The data
shown in Table 65 in the dissertation demonstrate an increase in grades after
the application of the method in all students.

The results of 24 students from the school, presented in Table 66 in
the dissertation, confirm the positive effect of the game method
"Educational Room of Riddles" for this type of school. For all students,
there was a relative increase in the results in the three key disciplines.

Similarly for 24 students from Sofia University, the results of the
comparison between the tests before and after the application of the game
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method, shown in Table 67 in the dissertation, also reflected an increase in
academic achievement in mathematics, English, and man and nature.

Along with individual cases, in all three types of schools there was
an improvement in results after the game method, with the greatest progress
observed in mathematics and man and nature, and some students reaching
the maximum grade of 6.

The summarized results of the average grade by subject, period and
type of school, shown in Table 68 in the dissertation, support the impression
of a significant and consistent increase. The average scores before the
intervention ranged from 3.71 to 3.92, and after it reached 5.13-5.29, which
is evident from Figure 8.

CpaBHeHHe Ha CpeJHUsl yclex
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Figure 8. Comparison of average grades (before) and (after), by type of school, subject

The results of the t-test for dependent samples, presented in Table 70
in the dissertation, prove a significant increase in scores in all three subjects,
with p-values well below the threshold of 0.05, which reinforces confidence
in the effectiveness of the applied game method.

Table 71 in the dissertation illustrates the preservation of the rank of
grades in mathematics and English languages and the increase in man and
nature (from 2 to 3), but also the fact that the method increases achievement
without increasing inequalities in mathematics and English, with a slight
widening of the differences in man and nature.

Fashion rose from 4 to 5 in all subjects according to the data from
Table 72 in the dissertation, which means that the most common grade has
increased and covers the majority of students — a sign of mass progress.

The median also shifted from 4 to 5 across all disciplines (Table 73
in the dissertation), i.e. at least half of the students achieved higher levels
of achievement after the game method.

The summarized data from Table 74 in the dissertation show
consistent positive dynamics in the three key statistical quantities — rank,
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fashion and median, which together confirm the sustainable success of the
game method. Rank increases, fashion and median climb one notch, which
indicates higher achievements and systematic improvement in the group.

Figure 9 presents a graphical visualization of the dynamics of average
grades by subject and school, which clearly illustrates the general tendency
to increase results after the application of the game method. The chart
confirms that progress has been observed across all academic disciplines
and schools, with the largest increase recorded in primary school, especially
in English and Man and Nature.

CPEAEH YCNEX MATEMATHHA CPEAEH YCNEX AHIMACKM E3MK CPEJEH YCNEX YOBEKBT M
NPHPOAATA
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Figure 9. Average grade in subjects and schools

The results of the test tests conducted after the application of the game
method "Mystery Room Education" as an integrated component in
STE(A)M learning demonstrate a significant positive impact on the learning
achievements of students from 4. class. Analysis from all school types and
disciplines examined shows a clear and consistent improvement in academic
performance. These observations are in full accordance with the Hypothesis
No. 3 formulated in the study, which shows its empirical validity. The
collected empirical data strongly support the hypothesis, confirming that the
application of game approaches in the educational process leads not only to
an Increase in interest and motivation in students, but also to real,
measurable and statistically significant improvements in their learning
achievements. Thus, the present study provides additional empirical
evidence that affirms the effectiveness and applicability of innovative
pedagogical models in the context of modern education.
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Conclusions at the end of Chapter Three

The results of the expert evaluation of the three game educational
scenarios show a strong consensus on their pedagogical validity, the degree
of integration of the STE(A)M components and their motivational effect.

Average ratings range between 4.60 and 4.87 (on a 5-point scale), and
standard deviation values below 0.50 indicate high reliability and internal
consistency. This confirms the quality pedagogical design of the scenarios.

Analyses through the Cochran Q-test and the Friedman test found
statistically significant differences in group achievement between the initial,
intermediate, and final stages of work. There was an improvement in
collaboration, critical thinking, and active participation skills, confirming
the effect of the game format on cognitive and social development.

The survey among teachers showed high satisfaction — with average
values between 4.85 and 4.95, which demonstrates not only acceptance, but
also a desire to integrate the model into teaching practice.

The surveyed experts are adamant that the content and structure of
the scenarios correspond to the age and cognitive characteristics of the
students in 4. class. Compliance with the curricula and socio-emotional
development affirm the applicability of the model in the Bulgarian primary
educational stage.

The empirical data validate the pre-set hypotheses and prove that the
developed model is reliable, applicable and adaptable to different
educational conditions and disciplines. This opens up opportunities for
multiplication and sustainable development.
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CHAPTER FOUR - METHODOLOGICAL GUIDELINES
FOR THE APPLICATION OF THE MODEL "EDUCATIONAL
ROOM OF RIDDLES"

The fourth chapter presents comprehensive and applicable
methodological guidelines for the implementation of the "Educational
Room of Riddles" model in the educational process at the initial educational
stage. The need for such instructions stems both from the specifics of game
methods, which are distinguished by complexity and interdisciplinarity, and
from the peculiarities of the pedagogical process at the primary stage of
education, where the cognitive, social and emotional characteristics of
students place high demands on the organization of the learning
environment. The aim is to provide a clear and structured framework for
teachers to enable them to effectively implement this innovative STE(A)M
approach in real school settings.

Planning of the learning activity

Effective implementation of the model requires precise
methodological planning that integrates educational goals, content and
organizational conditions. Learning objectives are formulated to include not
only cognitive achievement but also the development of critical thinking,
creativity, communication and collaboration — key skills for 21. century.

The scenarios are designed to be interdisciplinary, integrating
knowledge from mathematics, science, foreign language, technology, and
the arts. For this purpose, it is envisaged:

» Duration of the activity (usually 45—60 minutes), tailored to the age
characteristics of the students;

» Necessary materials and technical means — maps, puzzles, codes,
digital devices, props for decorations;

» Organization of space — the classroom is transformed into a "room
of riddles" with separate "stations" for each task;

» Pre-distribution of students in heterogenecous teams to ensure a
balance in knowledge, skills and personal qualities.

This detailed planning guarantees a smooth and engaging
implementation of the activity.

Organization of teamwork
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The essence of the model requires work in small teams, which
corresponds to the principles of cooperative learning. Each student is given
a clearly defined role: leader, recorder, timekeeper, speaker. This ensures
equal participation, personal responsibility and the development of social
skills.

The teacher plays the role of a facilitator — he does not provide ready-
made solutions, but guides, motivates and helps students to search for
answers on their own. This approach creates conditions for active learning
and the development of independence.

Conducting the game in three phases

The activity is carried out in three clearly defined phases:

1. Introduction to the scenario — students get acquainted with the
plot, the purpose of the mission and the rules of the game, which creates
intrigue and motivation.

2. Solving riddles — students work in teams, solving logically
related tasks that require the application of knowledge from different
subjects. The tasks are arranged sequentially, with each decision leading to
the next.

3.  Summary and discussion — after the end of the game, a reflection
is held, in which students share impressions, analyze their strategies and
make sense of what they have learned. This phase consolidates knowledge
and develops metacognitive skills.

The evaluation is multi-layered and balanced, taking into account
both the final result and the quality of the process. To this end, two key tools
have been developed:

A) A form of assessment presented in Table 75 in the dissertation,
which assesses:

e End result (solved riddles, completed mission);

e Collaborative process (inclusion, distribution of roles,
communication);

e Commitment and creativity;

o Self-esteem and reflection.

B) A form of self-assessment and team reflection, presented in Table
76 1n the dissertation, which allows students to evaluate:

e Their participation and contribution to the team;
e Strengths and areas for improvement;
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e Personal experience and the desire for future learning in this
way.
These tools have been pilot-tested and validated, ensuring their
reliability and pedagogical value.

For easier understanding and application of the model, two key
figures have been developed:

- Figure 10, which visualizes the entire process from preparation
to reflection.

MnhanupaHe

*YyebHu uenu (STEAM)

sOpraHu3auna (Bpeme, MatepuManm,
NpPOCTPaHCTEO)

*PaznpeneneH1e Ha ekKMnu

OuennaBaHe OpraHusauma Ha pabortara

sKpaeH pesynTart (NpaBMAHOCT, Bpeme) *P0AK B EKMNKUTE (NMaep, 3anuceay,
epouec (CbTPYAHHUYECTBO, XPOHOMETPUCT, rOBOpUTEN)

aHIaXMpPaHoCT) *P0nA Ha yunTensa (dacrnurtatop)
sCamooueHKa (ekmnHa pednercua)

MNposexpaaxe (3 ¢pasu)

*BueexaaHe (CUeHapKWid, NnpaBuna)

*PelwaBaHe Ha 3aragku (noruka,
CbTPYAHHUHECTBO)

*06obuweHue (pednekcHa, AUCKYCHA)

Figure 10. Organization and conduct of a STE(A)M-based lesson through an educational
room of riddles

- Figure 11, which systematizes the relationship between
STE(A)M components, pedagogical goals and game mechanics.
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METOAM 3A PEANKIALIMA

OMAKBAHW PEIYATATH

HOMMAOHEHTH HA MOERA

MEXAHWIMM 34 OLEHHKA

Figure 11. The methodological model for the relationships between pedagogical goals,
STE(A)M elements and game mechanics

For the long-term sustainability of the created technological model,
the following recommendations have been formulated:

l1.Creation of a library of scenarios, thematically and subject-
differentiated, for easy adaptation to different learning objectives.

2.Periodic conduct (e.g. once a month) to maintain motivation and
strengthen skills.

3.Involving parents and external partners (e.g., scientists, engineers,
artists) as observers or advisors.

4.Integration of digital technologies — QR codes, applications, UV
lights, to increase attractiveness and develop digital competencies.
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Through these methodological guidelines, it is demonstrated that the
"Educational Room of Riddles" is a well-structured, scientifically based and
easily applicable model for the implementation of STE(A)M education. Not
only does it stimulate student motivation and engagement, but it also
provides a clear, consistent, and reproducible framework for teachers. The
model has a high potential for lasting implementation in school practice and
for multiplication in different educational contexts (Figure 12).
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CTeNKa 3:
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Figure 12. Visual Model STE(A)M Mystery Room
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CONCLUSIONS AND CONCLUSION

The dissertation validates the effectiveness of the developed
technological model for STE(A)M-based learning through the "Educational
Room of Riddles" in 4. class. Empirical data demonstrate a statistically
significant improvement in learning achievement, as well as increased
motivation, engagement and development of key skills of the "4K" type —
critical thinking, creativity, communication and collaboration.

The conclusions are as follows:

1. The "Mystery Room of Education'" model is a proven
effective innovative practice in primary education that successfully
integrates the principles of STE(A)M education with gamification,
promoting active learning and experience.

2. The method stimulates students' cognitive, social, and
emotional development through interdisciplinary, engaging, and
emotionally charged activities that promote learning through discovery,
collaboration, and reflection.

3. The analysis of empirical data shows a significant
improvement in achievements in all disciplines studied: the average score
in mathematics increased from 3.8 to 5.2, and in "Man and Nature" — from
3.6 to 5.1 (p < 0.05). This confirms the statistical significance of the effect
of the application of the model.

4. Teachers report a high degree of satisfaction — the average
score on key issues reaches 4.95, and on some — 5.00 with a standard
deviation of 0.000, which shows absolute unanimity for the motivating
effect of the game. The model stimulates methodological flexibility and an
attitude to innovation.

5. Parents express strong support for the approach, noting
increased motivation and commitment in children, as well as a desire for
greater involvement in the educational process.

6. The methodological approach is valid — the study applies a
mixed methodology, including quantitative and qualitative methods, t-tests,
Cochran Q-test and Friedman test, as well as pilot testing and expert
evaluation by 15 specialists.

7. For the sustainability of the model, it is recommended to
develop a library of scenarios, conduct periodically (e.g. once a month) and
involve external partners and parents.

It could be summarized that the presented technological model for
the implementation of STE(A)M-based learning through an educational
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room of riddles in primary education (4th grade) is scientifically based,
easily applicable and with a high potential for multiplication, both in a
national and international educational context. It not only boosts educational
outcomes, but also forms key skills for 21. century, turning the school into
an environment of discovery, collaboration and joy of learning.
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LIST OF APPLICATIONS

Appendix No. 1. Game "Mystery Room: Around the World on a Cruise
Ship"

Appendix No. 2. Game "Mystery Room: In Pippi's Kitchen with
Tommy and Anika"

Appendix No. 3. Game "Room of Riddles: Orderlies in the Forest"

Appendix No. 4. Monitoring protocol — 9 pieces

Appendix No. 5. Certificates of the participants in the "Educational
Room of Riddles" — 62 pieces

Appendix No. 6. Invitations to the parents of fourth graders — 9

Appendix No. 7. QR codes with the questionnaires for the three groups:
students, teachers, parents — 9

Appendix No. 8. Photo material from "Educational Room of Riddles:
In Pippi's Kitchen with Tommy and Anika" (Foreign Language - English),
V Primary School "M. Stanev" - Stara Zagora

Appendix No. 9. Photo material from "Educational Room of Riddles:
Around the World on a Cruise Ship" (mathematics), V Primary School "M.
Stanev" - Stara Zagora

Appendix No. 10. Photo material from "Educational Room of Riddles:
In Pippi's Kitchen with Tommy Anika" (Foreign Language — English), Vasil
Levski Primary School — Sliven

Appendix No. 11. Photo material from "Educational Room of
Mysteries: Orderlies in the Forest" (Man and Nature), "Cyril and
Methodius" Secondary School — Nova Mahala Village, Batak Municipality,
Pazardzhik District

Appendix No. 12. Some of the scenery in the educational rooms of
riddles

Appendix No. 13. Questionnaire for expert assessment

Appendix No. 14. Questionnaire for teachers

Appendix No. 15. Questionnaire card for students

Appendix No. 16. Questionnaire card for parents

Appendix No. 17. Visual Model STE(A)M Mystery Room
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CONTRIBUTIONS OF THE DISSERTATION

The contributions, differentiated into scientific-theoretical and
practical-applied categories, facilitate the understanding of the research in
terms of its theoretical significance and its practical application. This
structure supports the analysis of the interaction between conceptual models
and real pedagogical practices.

1. Contributions of a theoretical nature

1.1. Pedagogical theory is enriched by integrating the STE(A)M
concept and game methods into primary education.

1.2. The concept of "Educational Room of Riddles" as an
innovative educational environment has been introduced and argued.

1.3. A methodological framework for a technological model
combining STE(A)M-based learning and gamification has been
developed.

1.4. Scientific validity of the study is ensured through mixed
methods and statistical analyses.

2. Practical contributions

2.1. An author's model has been developed for the
implementation of STE(A)M learning through an educational room of
riddles in the 4th grade.

2.2. Methodological guidelines and game scenarios have been
created in mathematics, man and nature and English.

2.3. The effectiveness and adaptability of the model in various
school and social contexts has been proven.

2.4. Evaluation tools (tests, surveys, protocols) have been developed,
applicable in scientific and pedagogical practice.

2.5. Conditions are provided for multiplication and popularization
of the model in the national education system.
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