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The Project

Project Overview

The project aims to promote students' interest and achievement in Science, Technology,
Engineering, Arts and Mathematics (STEAM) through the innovative use of video games in non-
formal learning environments. By integrating game-based learning methodologies into STEAM
education, the project seeks to create engaging, inclusive, and learner-centred educational
experiences that enhance both teaching practices and students' learning outcomes.

The project brings together educational institutions from different sectors—including vocational
education and training (VET), general secondary education, higher education, and the non-
governmental sector—to develop innovative educational resources, strengthen cooperation among
stakeholders, and promote excellence in STEAM education across Europe.

Project Objectives
The project has the following objectives:
e Promote students' interest in STEAM subjects through the use of video games in non-
formal learning environments.
e Enrich school curricula by developing innovative teaching materials, lesson scenarios, and
digital educational resources.
e Improve students' academic performance in STEAM subjects through engaging, inquiry-
based learning experiences.
e Enhance the digital literacy, digital readiness, resilience, and digital capacity of both
teachers and students.
e Strengthen cooperation between schools, universities, vocational education institutions,
municipalities, businesses, and civil society organisations.
e Foster innovation in teaching by combining educational design principles with game-based
learning approaches.
e Encourage the implementation of interdisciplinary and project-based STEAM learning
activities.
e Promote collaboration and knowledge exchange among European educational institutions.

Partnership Structure
The consortium consists of organisations representing different educational sectors, ensuring that
the project benefits from diverse expertise and extensive dissemination opportunities.

EK Kavalas (Vocational Education and Training School)
EK Kavalas contributes expertise in vocational education and collaborates closely with VET
centres, businesses, municipalities, and secondary schools. The institution supports the practical
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implementation of STEAM education within vocational learning environments and facilitates
cooperation between education and industry.

Srednja Skola (Vocational Education and Training School)

As a VET institution, Srednja Skola promotes innovative teaching practices by creating strong
connections with vocational education providers, employers, local authorities, and schools. The
school contributes practical examples demonstrating how game-based learning can enhance
vocational STEAM education.

Riga 64 Secondary School
Riga 64 represents the general secondary education sector. The school works closely with regional
educational authorities, teachers, and students to integrate innovative STEAM teaching approaches
into mainstream education.

2nd Gymnasium

The 2nd Gymnasium contributes extensive experience in general secondary education. Through
collaboration with educational authorities and local schools, it supports the implementation and
dissemination of innovative STEAM teaching methodologies.

Cukurova University

Cukurova University provides academic leadership within the consortium. The university
contributes research expertise, pedagogical guidance, teacher training, and quality assurance while
maintaining strong partnerships with schools, vocational education centres, research institutions,
businesses, youth organisations, and decision-makers.

Multi Act

Multi Act is a non-governmental organisation with extensive experience in formal, non-formal, and
informal education. The organisation cooperates with schools, universities, youth organisations,
adult education centres, municipalities, companies, SMEs, and policy-makers, supporting
dissemination activities and ensuring the sustainability of project outcomes.

Target Groups

STEAM Teachers
The project supports teachers by:
e Providing professional development opportunities through theoretical and practical
training.
¢ Improving teachers' competencies in integrating video games into STEAM education.
¢ Developing innovative lesson scenarios based on game-based learning.
e Modernising curricula with newly developed educational resources.
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¢ Increasing teachers' confidence, self-efficacy, and digital competence.

e Supporting teachers through online self-assessment tools that identify strengths and areas
for professional growth.

e Encouraging innovative classroom practices that increase student motivation and
participation.

Students (Aged 14-18)
Students benefit from the project by:
¢ Increasing their interest and motivation in STEAM subjects.
e Developing digital literacy through the meaningful use of educational technologies.
e Strengthening creativity, critical thinking, communication, collaboration, inquiry, and
problem-solving skills.
¢ Improving self-esteem, self-confidence, and self-efficacy.
¢ Participating in engaging learning experiences both inside and outside the classroom.
¢ Enhancing academic performance in STEAM disciplines.
e Producing innovative digital projects and educational artefacts.
¢ Developing teamwork, leadership, exploration, and healthy competition.
e Becoming more active participants in regional, national, and international educational
initiatives.
e Appreciating cultural, linguistic, and social diversity through international collaboration.
Benefits for Participating Organisations
The project enables participating organisations to:
¢ Enhance the European dimension of their educational activities.
e Modernise curricula through innovative teaching resources.
e Improve teachers' digital competencies.
¢ Increase institutional visibility at European level.
e Establish sustainable partnerships across educational sectors.
¢ Strengthen cooperation between formal and non-formal education providers.
e Build long-term networks for future European projects.
¢ Promote continuous professional development and innovation.

Wider Impact
The project is expected to generate significant benefits beyond the immediate partnership by:
¢ Promoting innovative approaches to STEAM education throughout Europe.
¢ Inspiring teachers to adopt game-based learning methodologies.
e Supporting schools and educational organisations through freely accessible project
resources.
e Increasing awareness of European educational initiatives among teachers, students, parents,
and policy-makers.
e Encouraging wider participation in Erasmus+ and other European programmes.
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e Supporting digital transformation within education.
e Building sustainable international cooperation networks that continue beyond the project's
lifetime.

PART 1 - INTRODUCTION

1.2 What Are Video Games in Non-Formal Education?

Learning Objectives
After reading this chapter, teachers and educators will be able to:
¢ Understand the meaning of non-formal education.
¢ Distinguish between formal, non-formal, and informal learning.
¢ Explain how video games can support learning in non-formal educational settings.
e Identify different types of educational video games.
e Recognise the educational benefits and limitations of game-based learning.
e Select appropriate video games for STEAM education.

1.2.1 Understanding Non-Formal Education

Education occurs in many different contexts throughout life. While schools and universities provide
structured learning experiences, valuable learning also takes place outside traditional classrooms.
The European Commission, UNESCO, and the Council of Europe recognise formal, non-formal,
and informal learning as complementary forms of lifelong learning.

Formal education refers to structured learning delivered by recognised educational institutions. It
follows an official curriculum, is led by qualified teachers, and usually leads to certification or
qualifications.

Non-formal education refers to organised learning activities that occur outside the formal
curriculum. These activities are intentional, learner-centred, flexible, and often voluntary.
Examples include workshops, science clubs, coding camps, robotics competitions, makerspaces,
museum activities, youth projects, and educational gaming sessions.

Informal learning occurs naturally through daily life, such as watching educational videos,
exploring digital content, discussing ideas with peers, or experimenting independently.

Unlike formal education, non-formal learning provides greater flexibility in content, teaching
methods, assessment, and participation. It allows educators to adapt learning activities to learners'
interests, needs, and local contexts while promoting creativity, collaboration, and self-directed
learning.

Within STEAM education, non-formal learning offers opportunities for students to engage with
authentic, real-world challenges that extend beyond textbook-based instruction. Video games
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represent one of the most promising tools for supporting such learning experiences.

1.2.2 What Are Educational Video Games?

Educational video games are digital games intentionally designed or adapted to promote learning
while maintaining the engaging characteristics of entertainment games. Rather than replacing
traditional teaching, educational games complement existing pedagogical approaches by
encouraging active participation, exploration, experimentation, and problem solving.
Educational games differ from purely recreational games because they incorporate explicit learning
objectives alongside entertaining gameplay. They provide meaningful contexts in which learners
apply knowledge, test hypotheses, make decisions, receive immediate feedback, and reflect upon
their actions.
Many educational video games simulate authentic scientific, engineering, technological, artistic, or
mathematical environments, allowing learners to investigate complex systems that would otherwise
be inaccessible within traditional classrooms.
Examples include:

¢ Minecraft Education

e Scratch
e mbBlock
e Tinkercad

¢ Kerbal Space Program
e CodeCombat
e GeoGebra

e PhET Interactive Simulations

These platforms encourage learners to construct knowledge actively rather than passively receiving
information.

1.2.3 Game-Based Learning

Game-Based Learning (GBL) refers to the use of actual games to achieve educational objectives. In
GBL, the game itself becomes part of the learning process rather than serving solely as a
motivational reward.

Students learn through:
e experimentation,
e cxploration,
e collaboration,
e decision-making,
e iterative problem solving,
o reflection.
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Game-Based Learning is grounded in constructivist educational theories, which propose that
learners build knowledge actively through meaningful experiences.

Unlike lecture-based instruction, GBL positions learners as active participants responsible for
making decisions, solving problems, and reflecting on outcomes.

1.2.4 Serious Games

A serious game is a digital game designed primarily for purposes other than entertainment.
Serious games are widely used in:

e education,

e engineering,

¢ medicine,

¢ military training,

e environmental education,

e Dbusiness,

e vocational training.

Educational serious games combine engaging gameplay with carefully designed learning
objectives. Examples include engineering simulations, virtual laboratories, and scientific
investigations where students practise real-world skills in safe digital environments.

1.2.5 Gamification Versus Game-Based Learning

Teachers often confuse gamification with Game-Based Learning, although they represent
different educational approaches.

Gamification Game-Based Learning

Adds game elements to existing lessons Uses a complete game as the learning activity
Points, badges, leaderboards Exploration, missions, simulations
Motivation is external Motivation is intrinsic

Traditional lesson remains unchanged Learning occurs through gameplay
Focus on rewards Focus on learning experiences

For example:

A mathematics teacher awards badges for completing homework.

— This is gamification.

A mathematics teacher asks students to design a bridge inside Minecraft Education while
calculating measurements and structural stability.

— This is Game-Based Learning.
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Understanding this distinction helps educators select appropriate pedagogical strategies for
different learning objectives.

1.2.6 Why Are Video Games Effective in Non-Formal STEAM Education?

The Power of Play: Why Video Games  Sevyeral characteristics make video games particularly effective within
Excel in STEAM Education A .
et non-formal educational environments.

for

Active Learning

: ‘ Rather than listening passively, students manipulate objects, test ideas
mrmne @R RAP L build models, and observe outcomes.

Safe Failure

b 7 ] Games encourage experimentation because mistakes become

ITERATIVE Mhpe 1 opportunities for learning rather than reasons for punishment.

CYCLE & Z

Immediate Feedback

Learners receive instant responses to their decisions, allowing them to
modify strategies continuously.

Authentic Contexts
Scientific concepts become meaningful when embedded within realistic challenges and
simulations.

Collaboration
Many educational games encourage teamwork, communication, and shared problem solving.

Creativity
Students create original solutions instead of memorising predefined answers.

Motivation
Game mechanics such as exploration, autonomy, progression, and achievement maintain high
levels of engagement over extended periods.
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GANIDUSSKOLA




Co-funded by the
Erasmus+ Programme
of the European Union

- Erasmus+

Enriching lives, opening minds.

1.2.7 Benefits for STEAM Education

Educational video games naturally support interdisciplinary learning.

For example:

Science

Students investigate ecosystems, physics, chemistry, or biological systems through
experimentation.

Technology

Learners develop digital literacy while using software tools, coding environments, and simulations.
Engineering

Students design structures, machines, prototypes, and solutions to engineering challenges.

Arts

Creative design, storytelling, animation, music, and visual communication are integrated into
gameplay.

Mathematics

Measurement, geometry, probability, logical reasoning, algebra, and computational thinking are
embedded within many educational games.

This interdisciplinary nature aligns closely with the objectives of STEAM education.

Practical Recommendations for Teachers
Before selecting an educational video game, teachers should consider the following questions:
e Does the game support specific learning objectives?
e Is the content age-appropriate?
e Does the game encourage critical thinking rather than repetitive tasks?
e (Can students collaborate during gameplay?
e Does the game provide opportunities for creativity?
e (Can learning outcomes be assessed?
e Isthe game accessible to all learners?
¢ Does it promote ethical and responsible digital citizenship?

Teachers should remember that the educational value lies not only in the game itself but also in the
pedagogical activities before, during, and after gameplay. Structured discussions, reflection
activities, and collaborative problem-solving significantly enhance learning outcomes.

Reflection Questions
1. How does non-formal learning complement classroom teaching?
What distinguishes Game-Based Learning from gamification?
Which educational video games are currently used in your school?
How could a video game support one of your existing STEAM lessons?
What challenges might arise when introducing educational games into your teaching
practice?

nhkwbd

12

AUN/,
O, <«
@ gOQ RIf(l;\\;l; USSKOLA ot
e %{5\1 64.NIDUSSKO
i . LRI ch



Co-funded by the -
Erasmus+ Programme Erasmus+
of the European Union 1KY Enriching lives, opening minds.

Key Takeaways

e Non-formal education provides flexible, learner-centred opportunities that complement
formal schooling.

o Educational video games support active, collaborative, and inquiry-based learning.

¢ Game-Based Learning differs fundamentally from gamification.

e Educational games foster creativity, critical thinking, problem-solving, and digital
competence.

e Successful implementation depends on thoughtful pedagogical planning rather than the
game alone.

1.3 The Origins of Video Games in Non-Formal Education

Learning Objectives
After completing this section, teachers and educators will be able to:

e Describe the historical development of educational video games.
Explain how game-based learning emerged from broader educational theories.
Identify major milestones in the evolution of digital learning tools.
Understand why video games became increasingly important in STEAM education.
Recognise the role of non-formal learning environments in educational innovation.

1.3.1 Early Roots of Learning Through Play

The idea that people learn effectively through play is much older than digital technology.
Educational philosophers such as Jean Piaget and Lev Vygotsky argued that children construct
knowledge actively through interaction with their environment. Play allows learners to experiment,
make mistakes, test ideas, and develop cognitive and social skills.

Long before computers existed, educators used board games, puzzles, simulations, and role-playing
activities to teach mathematics, science, language, and problem solving. These approaches laid the
foundation for modern game-based learning.

Teacher Insight

Educational video games did not appear suddenly. They evolved from centuries of research
showing that active participation and meaningful challenges support learning.

1.3.2 The First Educational Computer Games

During the 1960s and 1970s, universities and research institutions began experimenting with
computer-assisted instruction. Early educational games were simple by today's standards but
introduced important ideas such as interaction, feedback, and simulation.

One influential example was The Oregon Trail, which taught history, geography, resource
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management, and decision-making through a simulated journey across the United States.

September 10, 1848 To Landmark: 281 mi.

Traveled: 1,521 mi.
You chose to caulk your 2
wragon and float it across leiez\;g":% Pace: Steady
the river.

it Health: Good
warm|| Food: 1,985 Ibs.
| Continue Il Options II@ :

cold s
Rations: Bare Bones

el iAoV § [m @

Status || Talk Rest Hunt || Trade || Buy Pace |Rations|

e

These early games demonstrated that computers
could provide experiential learning rather than merely presenting information.

1.3.3 The Rise of Educational Software (1980s—1990s)

As personal computers became more common in schools and homes, educational software
expanded rapidly. Programs focused on mathematics practice, language learning, science
exploration, and basic programming.
During this period, educators began recognising several advantages of digital learning tools:

e Immediate feedback.

e Individualised pacing.

e Visualisation of complex concepts.

e Increased learner engagement.

e Opportunities for exploration.

However, many early programs still relied heavily on drills and repetition rather than deeper
problem-solving activities.

1.3.4 The Emergence of Game-Based Learning

In the late 1990s and early 2000s, researchers began studying commercial video games and their
potential educational value. A major influence was the work of James Paul Gee, who argued that
good video games embody powerful learning principles.
Gee identified features such as:

e Learning by doing.

e Progressive challenges.

¢ Identity and role-taking.
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¢ Problem-solving.

e Collaboration.

e Continuous feedback.
e Safe experimentation.

These ideas helped shift educational thinking from "games as rewards" to "games as learning
environments."

1.3.5 Digital Natives and New Learning Expectations

At the same time, Marc Prensky popularised the term "digital natives", referring to young people
who grew up surrounded by digital technologies. Although the concept has been debated, it drew
attention to changing learner expectations.
Many students were spending significant time interacting with:

e Video games.

e Online communities.

e Mobile devices.

¢ Social media.

¢ Digital creation tools.
Educators increasingly explored how these digital experiences could be connected to meaningful
learning.

1.3.6 The Growth of Non-Formal Digital Learning

Outside traditional classrooms, youth organisations, science centres, libraries, coding clubs,
makerspaces, and community projects began using digital games and creative technologies to
engage young people.

Non-formal environments offered several advantages:

Characteristic Why It Matters

Flexibility Activities can be adapted to learners' interests.
Voluntary participation Motivation is often higher.

Project-based learning Students create authentic products.

Collaboration Teamwork develops naturally.

Experimentation Learners can try new ideas without fear of failure.

These settings became important laboratories for educational innovation.
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1.3.7 Why STEAM Education Adopted Video Games

During the 2010s, many countries promoted STEM and later STEAM education to prepare learners
for rapidly changing economies.

Video games aligned well with STEAM goals because they combine:
Science

Observation, experimentation, and systems thinking.
Technology

Digital tools, coding, and computational thinking.
Engineering

Design, prototyping, and problem solving.

Arts

Creativity, storytelling, and visual design.
Mathematics

Measurement, logic, geometry, and data analysis.

1.3.8 Modern Educational Game Platforms

Today's educational platforms allow students not only to play games but also to create them.
Examples include:

Platform Main Educational Focus

Minecraft Education Collaboration, creativity, STEAM projects
Scratch Programming and computational thinking
mBlock Coding, robotics, Al

Tinkercad 3D design and engineering

CodeCombat Programming through gameplay

Kerbal Space Program Physics and aerospace engineering

1.3.9 Lessons for Teachers

Practical Recommendations

e Start with clear learning objectives, not with the game itself.
Use games to support inquiry, creativity, and collaboration.
Combine gameplay with discussion, reflection, and assessment.
Encourage students to design, build, and create, not only consume content.
Integrate game activities with real-world STEAM challenges.
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Reflection Questions
e How has learning through play evolved over time?
e  Which historical developments made educational video games possible?
¢  Why are non-formal learning environments often more flexible for innovation?
e How do modern educational games support STEAM competencies?
e  Which platform could best support your teaching context?

Key Takeaways
e Learning through play has deep historical roots.
e Educational video games evolved from early computer-assisted instruction.
e Research showed that games can support deep, active learning.
¢ Non-formal learning environments became important spaces for educational innovation.
e Modern game platforms align naturally with STEAM education by integrating creativity,
technology, problem solving, and collaboration.

1.4 How Do Video Games in Non-Formal Education Raise Interest in STEAM?
Learning Objectives
After completing this section, teachers will be able to:

¢ Explain why video games increase students' motivation to learn STEAM subjects.

e Understand the psychological theories underpinning game-based learning.

e Identify how video games foster inquiry, creativity, and problem-solving.

e Design learning experiences that leverage video games to enhance engagement in STEAM.
e Recognize the teacher's role in facilitating meaningful learning through educational games.

Introduction

One of the greatest challenges facing educators today is sustaining students' interest in STEAM
subjects. Many learners perceive science, mathematics, engineering, and technology as difficult,
abstract, or disconnected from everyday life. Traditional teacher-centred instruction often
emphasizes memorization rather than exploration, reducing opportunities for students to develop
curiosity and creativity.

Educational video games provide an alternative approach by creating immersive environments
where students actively investigate problems, test hypotheses, and collaborate with peers. Rather
than learning about scientific or mathematical concepts in isolation, students experience them
within meaningful contexts. This experiential approach aligns with the principles of constructivism,
inquiry-based learning, and project-based learning, all of which are widely recognized as effective
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pedagogical strategies for STEAM education. Research consistently shows that well-designed
educational games can increase student motivation, engagement, and achievement when integrated
with clear learning objectives and effective teaching practices (Clark et al., 2016; Plass et al.,
2015).

1.4.1 For Whom and By Whom?

Target Groups

The integration of video games into STEAM education benefits multiple stakeholders.

Students (Ages 14-18)

Students are the primary beneficiaries. Educational games encourage active participation,
experimentation, and persistence. They support the development of subject-specific knowledge
alongside transversal competencies such as critical thinking, collaboration, communication,
creativity, and digital literacy.

Teachers

Teachers act as facilitators who design meaningful learning experiences rather than merely
delivering information. Their responsibilities include selecting appropriate games, aligning
activities with curriculum objectives, guiding reflection, and assessing learning outcomes.

School Leaders

School leaders play a crucial role in supporting innovation by providing infrastructure, professional
development opportunities, and institutional encouragement for implementing game-based
learning.

Parents and Families

Parents reinforce learning by encouraging responsible digital engagement and supporting students'
participation in educational gaming activities beyond the classroom.

Community Partners

Universities, museums, science centres, businesses, and non-governmental organisations contribute
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authentic learning experiences through workshops, competitions, makerspaces, and collaborative
projects.

The Teacher's Changing Role
The teacher's role evolves from being the primary source of knowledge to becoming a:
e facilitator,
e coach,
e mentor,
e learning designer,
e observer,
e  assessor.
Teachers guide students through challenging tasks, encourage reflection, provide timely feedback,
and create opportunities for collaboration. They help students connect in-game experiences with
real-world scientific, technological, engineering, artistic, and mathematical concepts.
1.4.2 How Does It Work?
Educational video games engage learners through several interconnected mechanisms.

Active Learning

Students learn by interacting with virtual environments rather than passively receiving information.
They manipulate objects, conduct experiments, and solve authentic problems.

Immediate Feedback

Games provide instant responses to learners' actions, enabling students to identify mistakes, revise
strategies, and improve performance without waiting for teacher evaluation.

Safe Failure

Unlike traditional assessments where mistakes may negatively impact grades, games encourage
experimentation. Students can fail, learn from errors, and try again without fear, fostering resilience
and persistence.
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Autonomy

Games often allow students to make meaningful choices regarding strategies, resources, or
pathways. This sense of control increases intrinsic motivation.

Collaboration

Many educational games require teamwork, communication, and shared decision-making.
Collaborative gameplay mirrors professional STEAM environments where interdisciplinary teams
work together to solve complex challenges.

Authentic Contexts

Educational games situate learning within realistic scenarios. Students might manage ecosystems,
design sustainable cities, or engineer structures, making abstract concepts concrete and relevant.

1.4.3 What Is the Secret Behind the Success of Video Games Integrated into STEAM
Education?

The effectiveness of educational video games stems from several complementary educational
theories.

Self-Determination Theory

According to Self-Determination Theory (Deci & Ryan, 2000), intrinsic motivation flourishes
when learners experience:

e Autonomy: freedom to make choices;

¢ Competence: confidence gained through progressively challenging tasks;

¢ Relatedness: meaningful social connections and collaboration.
Educational games often satisfy all three psychological needs, leading to sustained engagement.
Flow Theory
Flow refers to a state of deep concentration where learners become fully immersed in an activity.

Flow occurs when the level of challenge matches the learner's skills (Csikszentmihalyi, 1990).
Educational games frequently achieve this balance by gradually increasing complexity while
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providing continuous feedback.

Constructivism

Constructivist theory emphasizes that learners actively build knowledge through experiences.
Educational games create opportunities for students to investigate, experiment, and reflect, rather
than simply memorizing information.

Inquiry-Based Learning

Inquiry-based learning encourages students to ask questions, gather evidence, test ideas, and draw
conclusions. Video games naturally support these processes by presenting challenges that require
investigation and critical thinking.

Experiential Learning

Kolb's experiential learning cycle describes learning as a continuous process involving concrete
experience, reflection, conceptualization, and experimentation. Educational games align closely
with this model by allowing learners to experience, reflect, adjust strategies, and apply new
knowledge repeatedly.

Video Games and the Development of STEAM Competencies

Educational games contribute to the development of key competencies required for STEAM
education.

Competency How Video Games Support Development

Scientific inquiry Experimentation, observation, hypothesis testing
Computational thinking Programming, algorithms, logical reasoning

Engineering design Prototyping, testing, optimization

Mathematical reasoning Measurement, geometry, statistics, problem-solving
Creativity Designing, building, storytelling

Collaboration Teamwork, communication, shared decision-making

Critical thinking Analysis, evaluation, evidence-based reasoning

Digital literacy Effective use of digital technologies and online collaboration

Practical Recommendations for Teachers
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To maximize the educational impact of video games in STEAM education:

1. Align gameplay with learning objectives. Clearly identify the concepts and skills
students should develop.

2. Prepare students before gameplay. Introduce key concepts, explain expectations, and
establish learning goals.

3. Facilitate during gameplay. Observe student interactions, ask guiding questions, and
provide support when necessary.

4. Encourage reflection after gameplay. Use discussions, journals, or presentations to help
students connect game experiences with academic concepts.

5. Promote collaboration. Design activities that require teamwork and collective problem-
solving.

6. Differentiate instruction. Adapt tasks to accommodate diverse abilities, interests, and
learning needs.

Classroom Example

Subject: Environmental Science

Educational Tool: Minecraft Education

Challenge: Students design a sustainable community that minimizes environmental impact.
Learning Outcomes:

e Explain principles of renewable energy.

¢ Apply mathematical concepts to calculate resource consumption.
¢ Design engineering solutions for waste management.

e Communicate design decisions through presentations.

¢ Reflect on sustainability challenges in real-world communities.

Reflection Questions

Which motivational strategies do you currently use in your STEAM classroom?

How could educational video games complement your existing teaching methods?

Which STEAM competencies are most important for your students to develop?

How can reflection activities strengthen learning after gameplay?

What barriers might you encounter when implementing game-based learning, and how
could they be addressed?

M
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Key Takeaways

e Educational video games enhance motivation by satisfying learners' needs for autonomy,
competence, and relatedness.

e Active participation, immediate feedback, and safe failure foster deeper learning.

e Educational games align with constructivist, inquiry-based, and experiential learning
theories.

e Teachers play a central role in designing meaningful learning experiences around
gameplay.

o Effective integration requires careful planning, facilitation, and reflection.

1.5 What Are the Elements That Characterize Educational Video Games?

Learning Objectives

After completing this section, teachers will be able to:

Identify the essential components of educational video games.

Understand how game design supports learning.

Select games based on pedagogical rather than entertainment features.
e Design classroom activities that maximize learning through game mechanics.
e Evaluate whether a video game is appropriate for STEAM education.

Introduction

Not every video game is suitable for educational purposes. While commercial games often
prioritize entertainment, educational games are intentionally designed—or thoughtfully adapted—
to achieve specific learning outcomes. Their effectiveness depends not only on the content they
present but also on how they engage learners through carefully designed game elements.

Research in educational psychology and game-based learning suggests that successful educational
games combine meaningful challenges, authentic contexts, immediate feedback, collaboration, and
opportunities for creativity (Gee, 2007; Plass et al., 2015). These elements encourage learners to
take ownership of their learning, persist through difficulties, and apply knowledge in realistic
situations.

For teachers, understanding these components is essential when selecting or designing game-based
learning experiences. The following sections explore the key elements that characterize effective
educational video games and explain how each contributes to STEAM learning.

1.5.1 The Story or Context
Why Storytelling Matters

Stories have always been powerful tools for learning. They provide context, meaning, and
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emotional engagement, making abstract concepts more memorable and relevant. In educational
video games, the story or context gives learners a purpose for completing tasks and solving
problems.

For example, rather than simply calculating measurements, students might be asked to design a
bridge connecting two communities after a natural disaster. Instead of memorizing ecological
concepts, they may investigate how to restore biodiversity in a virtual ecosystem. These narratives
transform isolated exercises into meaningful challenges.

Educational storytelling also supports interdisciplinary learning by integrating scientific,
technological, artistic, and social perspectives within a single scenario.

Teacher Tips
When selecting a game, ask:
¢ Does the story relate to real-world problems?
e Can students connect emotionally with the challenge?
e Does the context encourage inquiry and discussion?
e Does the story support the intended learning outcomes?

Classroom Example

Subject: Environmental Science

Game: Minecraft Education

Scenario: Students are tasked with rebuilding a coastal town affected by rising sea levels. They
must design sustainable infrastructure, calculate resource needs, and justify their engineering
decisions.

This activity integrates science, engineering, mathematics, geography, and environmental
awareness.

1.5.2 The Atmosphere

Creating Immersive Learning Experiences
Atmosphere refers to the visual design, sound, interactions, and overall environment of a game. An
engaging atmosphere encourages learners to immerse themselves in the learning experience,
increasing concentration and motivation.
Educational games use atmosphere to:

e stimulate curiosity,

e reduce anxiety,

e encourage exploration,

e support sustained attention.
For example, a virtual laboratory may replicate authentic scientific equipment, allowing students to
conduct experiments that would be impossible or unsafe in a school setting. A space exploration
game can immerse learners in planetary science through realistic environments and interactive
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simulations.

Educational Benefits
A well-designed atmosphere can:
e increase engagement,
e improve memory retention,
e promote curiosity,
e encourage sustained participation,
e reduce fear of making mistakes.

Teacher Tips
Teachers should ensure that visual and auditory elements enhance learning rather than distract
students. Simplicity and clarity are often more effective than excessive visual effects.

1.5.3 Challenges, Missions, and Codes

Learning Through Challenges
Challenges are at the heart of educational games. They require learners to apply knowledge, think
critically, and solve problems rather than simply recall information.
Effective challenges are:
e meaningful,
achievable,
progressively difficult,
connected to learning objectives.
As students overcome increasingly complex tasks, they develop confidence and resilience.

Missions
Missions provide structure and purpose. They often involve completing a sequence of related tasks
that contribute to a broader objective.
Examples include:
¢ building a sustainable city,
e programming a robot,
e designing a bridge,
e creating a mathematical model,
e investigating a scientific phenomenon.

Codes and Programming

Many STEAM games introduce coding as a tool for solving problems.

Platforms such as Scratch and mBlock teach computational thinking by enabling students to:
e sequence instructions,
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e use variables,
apply logical reasoning,
debug programs,
e automate processes.
Coding becomes meaningful because it is embedded within creative projects rather than taught as
isolated syntax.

Classroom Example

Students use Scratch to design an interactive simulation demonstrating Newton's Laws of Motion.
They program object movement, calculate velocity, and explain the scientific principles represented
in their animation.

1.5.4 The Actors

Learning Through Characters and Collaboration
Actors include the player, non-player characters (NPCs), teammates, mentors, and other
participants within the game environment.
Characters help students understand different perspectives, roles, and responsibilities.
For example, learners may assume the role of:

e an engineer,

e ascientist,

e an architect,

e an environmental consultant,

e asoftware developer,

e amedical researcher.
Role-playing encourages empathy, systems thinking, and authentic problem-solving.

Collaborative Learning
Many educational games require students to work together.
Collaborative activities may involve:
¢ sharing information,
¢ dividing responsibilities,
e negotiating solutions,
e cvaluating evidence,
e presenting findings.
These experiences mirror professional STEAM workplaces, where interdisciplinary collaboration is
essential.

Additional Elements of Effective Educational Video Games
Although stories, atmosphere, challenges, and actors are fundamental, several additional elements
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significantly enhance learning.

Immediate Feedback

Immediate feedback helps students identify mistakes, revise strategies, and monitor progress.
Feedback should be constructive, informative, and linked to learning objectives.

Safe Failure

Educational games create environments where mistakes become opportunities for learning rather
than sources of embarrassment. Students are encouraged to experiment, reflect, and improve.
Progression

Games typically increase in complexity as learners develop competence. This gradual progression
maintains motivation while avoiding frustration.

Rewards

Rewards such as badges, new levels, or unlocking tools can motivate learners when they recognize
meaningful achievement. However, intrinsic motivation—developing competence and solving
authentic problems—should remain the primary goal.

Creativity

The most effective educational games encourage students to create rather than simply consume.
Designing models, building virtual structures, programming simulations, and developing original
solutions foster creativity and innovation.

Evaluating Educational Video Games
Before introducing a game into the classroom, teachers should consider the following questions.

Evaluation Criterion Questions for Teachers

Learning Objectives Does the game support curriculum goals?

Scientific Accuracy Is the content accurate and evidence-based?

Student Engagement Will learners remain motivated throughout the activity?

Collaboration Does the game encourage teamwork?

Creativity Can students create original products or solutions?
Accessibility Is the game usable by diverse learners?

Assessment Can learning outcomes be evaluated effectively?

Digital Safety Does the platform protect students' privacy and well-being?

Practical Recommendations for Teachers
e Choose games that prioritize learning rather than entertainment alone.
¢ Connect gameplay with explicit learning objectives.
e Encourage discussion before, during, and after gameplay.
e Allow students to explain their decisions and reasoning.
e Use collaborative challenges whenever possible.
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o Integrate reflection activities to consolidate learning.
e Assess both the learning process and the final product.

Reflection Questions

1. Which game elements most strongly motivate your students?

2. How does storytelling support meaningful learning?

3. How can challenges be adapted for students with different abilities?

4. In what ways can collaboration enhance STEAM learning?

5. Which criteria would you use to evaluate a new educational game?
Key Takeaways

e Educational video games are characterized by purposeful stories, immersive environments,
meaningful challenges, and collaborative roles.
o Effective games support inquiry, creativity, and problem-solving rather than rote

memorization.

o Immediate feedback, safe failure, and progressive challenges foster resilience and sustained
engagement.

e Teachers should evaluate games based on pedagogical value, curriculum alignment, and
accessibility.

e The educational impact of a game depends on thoughtful integration into teaching and
learning activities.

1.6 Types of Video Games and Digital Tools for STEAM Education

Learning Objectives
After completing this section, teachers will be able to:
o Identify digital platforms that support STEAM education through game-based learning.
e Compare the educational features of different tools.
e Select appropriate platforms according to students' age, prior knowledge, and learning
objectives.
e Design interdisciplinary STEAM activities using educational video games and digital
environments.
¢ Evaluate the strengths and limitations of each platform.

Introduction
There is no single educational game that meets every learning objective. Different digital tools

offer different opportunities for developing scientific inquiry, computational thinking, engineering
design, artistic creativity, and mathematical reasoning.
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When selecting a platform, teachers should consider:
¢ curriculum alignment;
e students' age and digital competence;
¢ learning outcomes;
e available technology;
e accessibility;
e classroom time;
e opportunities for collaboration and creativity.

This section introduces several of the most widely used platforms for STEAM education. They
have been selected because they are supported by educational research, widely adopted in schools,
and suitable for non-formal learning environments.

1.6.1 Minecraft Education

Overview

Minecraft Education is an educational version of the popular sandbox game Minecraft. It provides
a safe digital environment where students can explore, design, build, experiment, and collaborate
while developing STEAM competencies.

Unlike traditional instructional software, Minecraft Education emphasizes creativity and open-
ended problem solving. Students construct virtual worlds, simulate scientific processes, and solve
authentic challenges through exploration.

Educational Features
¢ Open-world learning environment
e Multiplayer collaboration
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¢ Coding with MakeCode and Python

¢  Chemistry laboratory

o Artificial intelligence activities

e Mathematics and geometry applications
e Environmental simulations

e Teacher classroom management tools

e Assessment features

STEAM Applications
Science
Students investigate ecosystems, biodiversity, renewable energy, climate change, and chemical
reactions.
Technology
Learners develop digital literacy while using coding tools, artificial intelligence modules, and
digital collaboration.
Engineering
Students design bridges, cities, transportation systems, and sustainable buildings.
Arts
Creative architecture, storytelling, visual design, and multimedia presentations are naturally
integrated.
Mathematics
Measurement, ratios, coordinates, geometry, scale, and statistics are embedded within building
activities.
Classroom Example
Topic: Sustainable Cities
Students work in teams to design an environmentally friendly city.
Learning objectives include:
e renewable energy,
e waste management,
e urban planning,
e mathematical measurement,
e environmental sustainability,
e teamwork.
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1.6.2 Scratch

Overview
Scratch is a visual programming environment developed by the MIT Media Lab. It enables learners
to create animations, simulations, stories, and games using drag-and-drop programming blocks
rather than text-based code.
Scratch introduces programming concepts in an accessible way, making it suitable for beginners
while supporting increasingly complex projects.
Educational Features

¢ Block-based programming

e Interactive storytelling

e Animation

e Game design

¢ Simulation development

¢ Collaborative online community

Project sharing

STEAM Applications
Students develop:

e computational thinking,

¢ logical reasoning,

e creativity,

¢ mathematical reasoning,

¢ scientific modelling,

o digital storytelling.
Classroom Example
Students design an interactive simulation demonstrating Newton's Laws of Motion. They program
object movement, calculate velocity, and explain the scientific concepts represented in their project.
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1.6.3 mBlock
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Overview

mBlock extends Scratch by allowing students to control physical devices such as robots, sensors,
and microcontrollers. It combines visual programming with robotics, artificial intelligence, and the
Internet of Things (IoT).

The platform is particularly valuable for engineering and robotics education.

Educational Features
e Visual programming
e Python programming transition
¢ Robotics programming
o Artificial intelligence modules
¢ Sensor integration
¢ Arduino compatibility
e Internet of Things projects
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STEAM Applications
Students can:
e program autonomous robots,
e collect scientific data,
e design engineering prototypes,
e investigate automation,
¢ analyse environmental conditions.
Classroom Example
Students design an automated greenhouse using sensors that monitor temperature and humidity
while programming irrigation systems using mBlock.

1.6.4 Tinkercad

Overview
Tinkercad is a browser-based design platform that introduces learners to three-dimensional
modelling, electronics, and engineering design.
Students create digital prototypes before producing physical models using 3D printers or electronic
components.
Educational Features
¢ 3D modelling
¢  Circuit simulation
¢ Arduino programming
e Design thinking
¢ Engineering prototyping
¢ Digital fabrication
STEAM Applications
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Students learn:
e engineering design,
e gcometry,
e measurement,
e clectronics,
e problem solving,
e product development.
Classroom Example
Students design an earthquake-resistant bridge using Tinkercad before printing a physical model
and testing its strength.

1.6.5 Other Educational Platforms

Several additional platforms can enrich STEAM learning.

CodeCombat

Students learn programming through role-playing adventures that require writing real code to solve
increasingly complex challenges.

Suitable for: Programming, algorithms, computational thinking.

Kerbal Space Program
Students design rockets, calculate trajectories, and explore orbital mechanics.
Suitable for: Physics, astronomy, engineering, mathematics.

GeoGebra
GeoGebra combines dynamic mathematics, geometry, algebra, statistics, and graphing.
Suitable for: Mathematics, engineering, modelling.

PhET Interactive Simulations

Developed by the University of Colorado Boulder, PhET provides interactive simulations covering
physics, chemistry, biology, earth science, and mathematics.

Students manipulate variables and observe scientific phenomena that would otherwise be difficult
to demonstrate in classrooms.

Roblox Studio

Students design their own games and virtual environments while learning programming, design,
and digital creativity.

Suitable for advanced project-based learning and entrepreneurship.

Comparison of Educational Platforms
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Platform Age Main Focus STEAM Areas
Group
Minecraft Education 818+ Open-wor.ld Science, Engineering, Mathematics,
collaboration Arts
Scratch 816 Programming Technology, Mathematics
mBlock 10-18 Robotics & Al Technology, Engineering
. 3D Design . . .
Tinkercad 12-18 Electronics Engineering, Mathematics
GeoGebra 10-18 Dynamic Mathematics Mathematics
PhET 1218 Scientific Simulations  Science
Kerbal Space . . . . .
Program 13-18+  Aerospace Engineering Science, Engineering

Roblox Studio 13-18+  Game Design Technology, Arts

Practical Recommendations for Teachers
When selecting a platform:
e Begin with clear learning objectives.
Consider students' prior digital experience.
Start with small, achievable projects.
Encourage teamwork and peer support.
Allow time for reflection and discussion.
Integrate assessment throughout the learning process.
Ensure accessibility and digital safety.
Connect virtual activities to real-world applications.

Reflection Questions
1. Which platform best aligns with your current STEAM curriculum?

2. How could different platforms complement one another in a project?
3. What professional development might teachers need before implementing these tools?
4. How can these platforms support both formal and non-formal learning?
5. Which platform would most effectively engage your students?
Key Takeaways
¢ Different platforms support different aspects of STEAM education.

e The choice of platform should be driven by learning objectives rather than technology
alone.
e Open-ended, collaborative tools foster creativity, inquiry, and problem-solving.
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e Teachers play a central role in designing meaningful learning experiences around digital
tools.
¢ Combining multiple platforms can create rich interdisciplinary STEAM projects.

Part 2. Why Video Games Are Useful for STEAM Education

Learning Objectives
By the end of this chapter, teachers and educators will be able to:
e Understand why game-based learning is an effective pedagogical approach for STEAM

education.

e Explain how educational video games support students' cognitive, social, and emotional
development.

e Identify the benefits of integrating video games into formal and non-formal STEAM
learning.

¢ Recognize the role of educational games in fostering 21st-century competencies.
e Apply research findings to the design of engaging STEAM learning experiences.

2.1 Introduction

The rapid advancement of digital technologies has transformed the way young people learn,
communicate, and interact with the world. Today's students—often referred to as digital learners—
grow up in environments where technology is integrated into their daily lives. Consequently,
educational approaches must evolve to reflect these changing realities while maintaining high
standards of teaching and learning.

STEAM education encourages interdisciplinary learning by integrating Science, Technology,
Engineering, Arts, and Mathematics to solve authentic problems. Rather than treating these
disciplines as isolated subjects, STEAM emphasizes inquiry, creativity, collaboration, and
innovation. Educational video games align naturally with this philosophy because they place
learners in dynamic environments where they investigate problems, test ideas, create solutions, and
receive immediate feedback.

The educational value of video games does not lie in entertainment alone. Their effectiveness
depends on thoughtful pedagogical design, curriculum alignment, and skilled facilitation by
teachers. When used appropriately, educational games become powerful tools for supporting
meaningful, learner-centred experiences that develop both disciplinary knowledge and transversal
skills.
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2.2 The Educational Value of Video Games

Educational video games promote active learning by engaging students in authentic tasks rather
than passive information reception. Learners are encouraged to observe, hypothesize, experiment,
analyse, and revise their thinking—processes that reflect the practices of scientists, engineers,
designers, and mathematicians.
Compared with traditional teacher-centred instruction, educational games provide opportunities for
students to:

e investigate complex problems;

¢ make decisions independently;

e collaborate with peers;

e receive immediate feedback;

e learn through trial and error;

e develop resilience and persistence.
This approach reflects the principles of constructivist learning theory, which argues that knowledge
is actively constructed through experience rather than transmitted directly from teacher to student.

2.3 Increasing Student Motivation

Student motivation is one of the strongest predictors of academic success. However, many
adolescents perceive STEAM subjects as difficult, abstract, or disconnected from everyday life.
Educational video games address this challenge by creating meaningful contexts in which learning
becomes purposeful and engaging.

Several features contribute to increased motivation:

Clear Goals

Games present learners with specific objectives and challenges, providing a sense of direction and
purpose.

Immediate Feedback

Students receive instant information about their performance, enabling them to adjust strategies and
improve continuously.

Progressive Challenge

Well-designed games gradually increase complexity, maintaining an appropriate balance between
difficulty and skill.

Autonomy

Learners make meaningful choices about how to approach tasks, increasing their sense of
ownership and responsibility.

Achievement

Games recognize progress through levels, badges, completed missions, or unlocked resources,
reinforcing learners' confidence and persistence.
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2.4 Supporting Deep Learning

Deep learning occurs when students understand concepts, apply knowledge to new situations, and
connect ideas across disciplines. Educational games promote deep learning by encouraging
exploration, experimentation, and reflection.
For example, a student designing a sustainable city in Minecraft Education must integrate
knowledge from:

e environmental science,

e engineering,

e mathematics,

 geography,

e technology,

e visual design.
Rather than memorizing isolated facts, the learner applies knowledge to solve an authentic
problem, resulting in more meaningful understanding.

2.5 Developing 21st-Century SKkills

Modern societies require individuals who can think critically, communicate effectively, collaborate
across disciplines, and adapt to rapidly changing technologies. Educational video games support
the development of these competencies through authentic, project-based experiences.

Critical Thinking

Students evaluate evidence, analyse information, compare alternative solutions, and justify
decisions.

Creativity

Open-ended games encourage learners to design original products, stories, simulations, and
engineering solutions.

Communication

Collaborative activities require students to explain ideas, negotiate strategies, and present findings
to peers.

Collaboration

Many educational games involve teamwork, reflecting the interdisciplinary nature of professional
STEAM environments.

Problem Solving

Games present increasingly complex challenges that require planning, experimentation, and
iterative improvement.

Digital Literacy

Students develop confidence in using digital technologies responsibly, ethically, and effectively.
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2.6 Building Computational Thinking

Computational thinking is increasingly recognized as a fundamental competence for all learners,
not only those studying computer science. Educational platforms such as Scratch and mBlock
introduce computational concepts through creative projects rather than abstract programming
exercises.
Students learn to:

e decompose complex problems;

e recognize patterns;

e design algorithms;

e test and debug solutions;

e automate processes;

e cvaluate outcomes.
These skills are transferable across STEAM disciplines and support lifelong learning.

2.7 Promoting Collaboration and Social Learning

Learning is inherently social. Educational video games often require students to work together,
share knowledge, and coordinate actions to achieve common goals.
Collaborative gameplay encourages:

e active listening;

e respectful communication;

e negotiation;

e conflict resolution;

¢ shared responsibility;

e peer teaching.
Research indicates that collaborative learning environments can improve both academic
achievement and students' sense of belonging.

2.8 Encouraging Creativity and Innovation

Innovation begins with creativity. Educational video games provide opportunities for learners to
imagine, design, build, test, and refine original ideas.
Creative activities may include:
e constructing virtual cities;
e programming interactive stories;
e designing robots;
¢ modelling scientific systems;
e producing digital artwork;
e creating educational games.
By engaging in these activities, students develop confidence in generating and evaluating
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innovative solutions.

2.9 Supporting Inclusive STEAM Education

Educational video games can contribute to more inclusive classrooms by offering multiple
pathways to learning. Features such as adjustable difficulty levels, visual supports, collaborative
tasks, and self-paced exploration help accommodate diverse learners.
Teachers can further promote inclusion by:

o differentiating activities;

e providing scaffolding;

e encouraging peer support;

e selecting accessible platforms;

¢ valuing multiple forms of participation.
However, accessibility should always be considered when choosing digital tools to ensure equitable
participation for all students.

Practical Recommendations for Teachers
To maximize the educational value of video games in STEAM education:
1. Define clear learning objectives before introducing the game.
Select games that align with curriculum outcomes.
Facilitate learning through questioning and discussion rather than direct instruction alone.
Encourage collaboration and peer learning.
Integrate reflection activities after gameplay.
Assess both the learning process and final outcomes.
Ensure that digital tools are accessible and inclusive.

Nk

Classroom Example
Subject: Mathematics and Engineering
Tool: Tinkercad
Activity: Students design a bridge capable of supporting a specified load. They calculate
dimensions, test virtual prototypes, analyse failures, and redesign their structures.
Learning Outcomes:

e Apply geometric principles.

e Understand engineering design processes.

¢ Develop problem-solving strategies.

¢ Collaborate effectively within teams.

e Reflect on iterative improvement.

Reflection Questions
1. Which aspects of educational video games are most likely to motivate your students?
2. How can games support interdisciplinary STEAM learning in your classroom?
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3. Which 21st-century skills are currently emphasized in your teaching?
4. How could collaborative gameplay enhance learning outcomes?
5. What support would you need to integrate educational games confidently?

Key Takeaways

e Educational video games support active, learner-centred approaches to STEAM education.

e They enhance motivation through meaningful challenges, autonomy, and immediate
feedback.

e (Game-based learning promotes deep understanding by connecting knowledge across
disciplines.

e Educational games foster critical thinking, creativity, collaboration, communication, and
computational thinking.

e Teachers remain essential in designing, facilitating, and assessing effective game-based
learning experiences.

Part 3. How to Integrate Non-Formal Video Games into the School Curriculum
Learning Objectives

After completing this chapter, teachers will be able to:
e Understand the principles of integrating educational video games into the STEAM
curriculum.
e Align game-based learning activities with curriculum standards and learning outcomes.
e Design effective lesson plans using educational video games.
e Manage classroom implementation before, during, and after gameplay.
e Assess students' learning and competencies developed through game-based activities.
e Address practical challenges related to technology, classroom management, and inclusion.

3.1 Introduction

Integrating educational video games into the curriculum is not about replacing traditional teaching
methods; rather, it is about enriching them with innovative pedagogical approaches that foster
engagement, creativity, collaboration, and deeper learning. Successful integration requires careful
planning, alignment with curriculum objectives, and thoughtful facilitation by teachers.

Educational video games should be viewed as learning environments rather than simply digital
tools. When integrated effectively, they provide students with opportunities to investigate authentic
problems, test hypotheses, apply knowledge, collaborate with peers, and reflect on their learning. In
this sense, games become catalysts for inquiry-based, project-based, and experiential learning.
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The role of the teacher remains central. Teachers design meaningful learning experiences, connect
gameplay with curriculum outcomes, facilitate discussion, provide feedback, and assess learning.
The game itself does not guarantee educational success; it is the pedagogical design surrounding
the game that determines its effectiveness.

3.2 Aligning Educational Video Games with Curriculum Objectives

One of the most common misconceptions is that educational games are extracurricular activities
disconnected from formal learning. In reality, they can be fully aligned with national curricula
when teachers begin with the intended learning outcomes rather than the technology.
The curriculum should always guide the choice of game—not the other way around.
Before selecting a platform, teachers should identify:
o the concepts students need to understand;
e the competencies they are expected to develop;
e the assessment criteria;
e opportunities for interdisciplinary connections.
For example, a lesson on sustainable development may integrate:
¢ Science: ecosystems and renewable energy;
Technology: digital design tools;
Engineering: construction of sustainable infrastructure;
e Arts: visual communication and design;
e Mathematics: measurement, scale, and data analysis.
A platform such as Minecraft Education allows these objectives to be addressed within a single
collaborative project.

3.3 Planning a Game-Based STEAM Lesson

Effective game-based learning begins with careful lesson planning. The lesson should include three
interconnected phases:

Phase 1: Before Gameplay
Preparation is essential for successful learning.
Teachers should:
e introduce the learning objectives;
¢ cxplain the scientific or mathematical concepts;
e demonstrate the game environment;
e establish classroom expectations;
e organize students into collaborative groups;
e define assessment criteria.
Students should understand that the game is a learning tool rather than simply an opportunity for
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entertainment.

Phase 2: During Gameplay
During gameplay, teachers observe rather than dominate the learning process.
Their role includes:
e asking open-ended questions;
e encouraging collaboration;
e supporting students experiencing difficulties;
e monitoring progress;
e facilitating discussion;
¢ collecting evidence of learning.
Questions such as:
e Why did you choose this design?
e  What evidence supports your solution?
e How could your model be improved?
encourage deeper thinking.

Phase 3: After Gameplay
Reflection transforms gameplay into meaningful learning.
Teachers should encourage students to:
e cexplain their decisions;
e compare different solutions;
e analyse successes and failures;
e connect game experiences with scientific concepts;
e evaluate teamwork;
¢ identify future improvements.
Reflection activities may include:
e classroom discussions;
e learning journals;
o digital portfolios;
e presentations;
e peer assessment.

3.4 Integrating Game-Based Learning Across STEAM Subjects

Educational video games naturally support interdisciplinary teaching.

Science

Students investigate ecosystems, climate change, biodiversity, chemistry, physics, or human
biology through simulations and virtual experiments.

Example
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Students use Minecraft Education to model the water cycle and investigate the effects of pollution
on ecosystems.

Technology

Students develop digital literacy through coding, simulation software, digital design, and
collaborative online environments.

Example

Using Scratch, students create an interactive animation explaining internet safety principles.

Engineering

Students apply engineering design processes to create, test, and improve solutions.

Example

Using Tinkercad, students design earthquake-resistant buildings before producing physical
prototypes using 3D printers.

Arts

Students integrate creativity through architecture, storytelling, animation, digital illustration, music,
and multimedia presentations.

Example

Students design virtual museums showcasing scientific discoveries and artistic interpretations of
innovation.

Mathematics
Educational games provide authentic opportunities to apply mathematical reasoning.
Students calculate:

e area;
e perimeter;
e volume;

e probability;
e coordinates;

e ratios;
e statistics.
Example

Students use Minecraft Education to calculate building materials, optimize resource use, and
compare geometric structures.

3.5 The Teacher as Learning Facilitator

In game-based learning, the teacher becomes a facilitator rather than the sole source of knowledge.
Effective facilitators:
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e encourage inquiry;

e ask guiding questions;

e promote collaboration;

e provide timely feedback;

e support reflection;

e differentiate learning activities;

e create inclusive learning environments.
Rather than solving problems for students, teachers encourage learners to investigate, experiment,
and discover solutions independently.

3.6 Managing the Classroom During Game-Based Activities

Successful implementation requires thoughtful classroom management.

Teachers should:

Establish Clear Expectations

Students need clear behavioural and learning expectations before beginning gameplay.

Organize Collaborative Teams
Groups of three to five students often promote effective communication while ensuring active
participation.
Assigning roles can improve collaboration.
Possible roles include:
e Project Manager
e Engineer
e Programmer
e Designer
e Researcher
e Presenter
Rotating these roles helps students develop a broader range of competencies.

Monitor Participation
Teachers should observe:
e communication;
e cngagement,
e collaboration;
e decision-making;
e problem-solving;
o digital citizenship.
Observation checklists can provide valuable assessment evidence.
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Manage Time
Game-based lessons should include dedicated time for:
e preparation;
e gameplay;
e reflection;
e assessment.
Without reflection, valuable learning opportunities may be lost.

Good Practice Box
Example: Sustainable Community Project
Subject: Integrated STEAM
Platform: Minecraft Education
Duration: Four weeks
Challenge: Students design a sustainable community that addresses energy, water, transportation,
biodiversity, and housing.
Learning Outcomes
Students:
e apply environmental science concepts;
calculate resource consumption;
design engineering solutions;
present evidence-based decisions;
¢ collaborate effectively within teams.
Assessment
Teachers evaluate:
¢ scientific understanding;
e engineering design process;
e mathematical accuracy;
e creativity;
e teamwork;
e presentation skills.
This project demonstrates how one educational platform can integrate multiple curriculum
objectives while promoting authentic problem-solving.

Reflection Questions
1. How can game-based learning support your existing curriculum?
Which topics in your STEAM courses could benefit most from educational games?
How will you assess students' learning during gameplay?
What classroom management strategies will you use?
How can reflection activities strengthen learning?

nhwbd
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Key Takeaways
e Educational games should be aligned with curriculum objectives rather than used as
isolated activities.
e Effective lessons include preparation, guided gameplay, and structured reflection.
e Teachers act as facilitators who support inquiry, collaboration, and critical thinking.
o Interdisciplinary projects enable students to connect concepts across STEAM subjects.
e Assessment should consider both the learning process and the final product.

3.7 Designing STEAM Lesson Scenarios Using Educational Video Games

Learning Objectives
After completing this section, teachers will be able to:
e Design STEAM lessons using educational video games.
e Integrate Science, Technology, Engineering, Arts, and Mathematics within a single
learning activity.
e Facilitate inquiry-based and project-based learning.
e Assess students' knowledge, skills, and competencies through authentic tasks.
¢ Differentiate instruction to meet diverse learners' needs.

Why Lesson Scenarios Matter
A successful game-based lesson does not begin with a game—it begins with a learning objective.
Educational video games should serve as tools that help students achieve clearly defined outcomes
rather than becoming the focus of the lesson.
Effective lesson scenarios connect:

e curriculum objectives;

e real-world problems;

e collaborative learning;

¢ inquiry and experimentation;

e reflection and assessment.
Teachers should encourage students to investigate, create, evaluate, and communicate rather than
simply complete tasks within a digital environment.

Lesson Scenario 1

Designing a Sustainable City

Platform

Minecraft Education

Recommended Age

14-18 years

Duration

4-6 lessons (approximately 45—-60 minutes each)
STEAM Subjects
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e Science

e Technology

o Engineering

e Arts

e Mathematics

e Geography

e Environmental Education

Learning Objectives
Students will:
e explain principles of sustainable development;
e investigate renewable energy sources;
e apply mathematical calculations related to area, volume, and resource consumption;
e design environmentally friendly infrastructure;
e collaborate to solve authentic urban challenges;
e present and justify design decisions.

Curriculum Connections
Science

e Renewable energy

e Climate change

e Biodiversity

¢ Waste management
Technology

¢ Digital design

e  Online collaboration
Engineering

¢ Sustainable construction

¢ Urban planning

¢ Infrastructure design
Arts

e Architectural design

e  Visual communication
Mathematics
Geometry
Measurement
Ratios
Data interpretation

Required Materials
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e Minecraft Education

e Student computers or tablets
e Internet connection

e Project worksheet

e Reflection journal

Activity Procedure
Phase 1 — Introduction (30 minutes)
The teacher introduces the challenge:
"Your community has received funding to build a sustainable city for the future. Your team must
design a city that protects the environment while meeting the needs of its citizens."
Students discuss:

e renewable energy,

e transportation,

e housing,

e green spaces,

e water conservation,

e waste management.

Phase 2 — Research (1 lesson)
Teams investigate:
e solar energy;
e wind power;
e sustainable architecture;
¢ public transportation;
¢ biodiversity.
Students record their findings before beginning construction.

Phase 3 — Design (2-3 lessons)
Teams design their city inside Minecraft Education.
They must include:
e residential areas;
e renewable energy systems;
¢ public parks;
e schools;
e hospitals;
e water treatment facilities;
e recycling centres;
e transportation networks.
Teachers encourage students to justify every design decision using scientific evidence.
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Phase 4 — Presentation
Each team presents its city.
Students explain:
e scientific principles;
e engineering solutions;
e mathematical calculations;
e environmental benefits;
e future improvements.

Assessment Rubric

Criterion Excellent Good Developing

Scientific accuracy Concepts applied correctly Minor inaccuracies Limited understanding
Engineering design Innovative and functional Functional Incomplete
Mathematical reasoning Accurate calculations Mostly accurate  Limited evidence
Collaboration Excellent teamwork Good participation Unequal contribution
Creativity Original solutions Some originality  Limited creativity
Presentation Clear and evidence-based Mostly clear Needs improvement
Differentiation

Teachers may:
e provide design templates for beginners;
¢ allow advanced learners to incorporate coding;
e assign specific roles within teams;
e use peer mentoring.

Teacher Reflection
After completing the lesson, consider:
e  Which design decisions demonstrated deep scientific understanding?
e How effectively did students collaborate?
e  Which misconceptions emerged?
e How could the activity be improved?

Lesson Scenario 2

Programming Scientific Simulations
Platform

Scratch

Recommended Age
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14-18 years
Duration
3—4 lessons
STEAM Subjects
e Science
e Mathematics
e Technology

Learning Challenge
Students create an interactive simulation explaining Newton's Laws of Motion.

Learning Objectives
Students will:
e understand force and motion;
e develop computational thinking;
e create interactive digital models;
e explain scientific concepts using programming;
e debug and improve algorithms.

Activity
Students use Scratch to program:
e moving objects;
e gravity;
e collisions;
e velocity changes;
e user interaction.
The completed project should allow users to experiment with different forces and observe the
outcomes.

Assessment
Teachers assess:
e scientific accuracy;
e programming logic;
e creativity;
e usability;
¢ cxplanation of concepts.

Lesson Scenario 3
Designing Earthquake-Resistant Structures
Platform
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Tinkercad
Recommended Age
15-18 years

Challenge
Students design buildings capable of withstanding earthquakes.

Learning Objectives
Students investigate:
e structural engineering;
e material strength;
e geometric stability;
e prototype testing.

Activity
Students:
1. research earthquake-resistant architecture;
2. design digital models;
3. analyse strengths and weaknesses;
4. redesign structures after testing;
5. present engineering improvements.

Lesson Scenario 4

Programming an Automated Greenhouse
Platform

mBlock

Challenge
Students develop an automated greenhouse using sensors and programming.

Learning Objectives
Students learn about:
e environmental science;
e automation;
e robotics;
e programming;
e engineering design.

Activities
Students program:
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e irrigation systems;

e temperature sensors;
¢ humidity monitoring;
e automatic ventilation.

Cross-Curricular Extension Activities

Teachers may combine multiple platforms within one long-term project.
Example

Students investigate climate change.

Using:

Minecraft Education to build sustainable cities;
Scratch to explain carbon cycles;
Tinkercad to design renewable energy devices;
e mBlock to automate environmental monitoring.
This integrated approach mirrors authentic professional STEAM practice.

Assessment Strategies
Teachers should assess both the learning process and the final product.
Recommended assessment methods include:
Observation Checklists
Evaluate:
e collaboration;
e communication;
e creativity;
e participation.

Student Reflection Journals
Students explain:
¢ what they learned;
¢ challenges encountered;
e improvements made;
o future applications.

Digital Portfolios
Students collect:
e screenshots;
e videos;
e programming files;
e design documents;
e presentations.
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Portfolios provide evidence of long-term learning and competence development.

Peer Assessment
Students evaluate one another using agreed criteria.
This develops:

e communication;

e responsibility;

e critical thinking.

Good Practice Tips for Teachers

v Begin with small projects before introducing large interdisciplinary activities.
v/ Encourage students to justify every design decision with scientific evidence.
V' Allow students to make mistakes and redesign solutions.

v/ Use collaborative learning whenever possible.

V' Connect digital activities with real-world problems.

V Celebrate creativity as much as technical accuracy.

Common Challenges and Solutions

Challenge Possible Solution

Students focus only on Clearly communicate learning objectives and pause regularly for
gameplay discussion.

Different levels of digital Pair experienced students with beginners and provide scaffolded
competence tutorials.

Limited classroom time Divide projects into smaller milestones with interim reflections.

Test software beforehand, prepare offline alternatives, and have

Technical issues A
backup activities.

Use observation checklists, peer assessment, and self-reflection in

Assessing collaboration addition to the final product.

Reflection Questions
1. Which lesson scenario best aligns with your curriculum?
How could you adapt these activities for your students' interests and needs?
Which assessment strategy would provide the clearest evidence of learning?
How can interdisciplinary projects strengthen students' understanding of STEAM?
What support or professional development would help you implement these activities
confidently?
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Key Takeaways

e Effective lesson scenarios begin with learning objectives rather than technology.

e Educational video games can support authentic, interdisciplinary STEAM projects.

e Reflection and assessment are essential components of game-based learning.

e Teachers should create opportunities for collaboration, creativity, and iterative
improvement.

e Well-designed projects help students connect classroom learning with real-world
challenges.

Part 4. How to Capitalize on Students' Previous Knowledge and How to Valorise the Skills
and Knowledge Developed During Integrating Non-Formal Video Games in the STEAM
Approach

Learning Objectives
After completing this chapter, teachers will be able to:
e Identify and build upon students' prior knowledge before implementing game-based
STEAM activities.
e Design learning experiences that connect previous learning with new challenges.
e Recognize and assess competencies developed through educational video games.
e Apply formative and authentic assessment strategies.
e Support students in reflecting on and communicating their learning.
e Encourage lifelong learning by recognizing competencies acquired through formal, non-
formal, and informal learning.

4.1 Introduction

Every student enters the classroom with unique experiences, knowledge, skills, interests, and ways
of learning. These prior experiences form the foundation upon which new knowledge is built.
Effective STEAM education recognizes that meaningful learning occurs when students connect
new ideas with what they already know.

Educational video games provide rich opportunities for activating prior knowledge because they
immerse learners in authentic situations that require them to apply existing understanding while
acquiring new concepts. Rather than presenting isolated information, games encourage students to
recall previous experiences, test ideas, and refine their thinking through experimentation and
reflection.

Teachers therefore play an essential role in identifying learners' starting points, designing activities
that connect with prior knowledge, and recognizing the broad range of competencies students
develop throughout the learning process.
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4.2 Understanding Prior Knowledge

Prior knowledge includes all the knowledge, experiences, attitudes, beliefs, and skills that students
bring to a learning situation. It may originate from:

e previous school learning;

¢ hobbies and personal interests;

e participation in coding clubs, robotics competitions, or makerspaces;

o family experiences;

¢ online learning;

o digital games;

e cveryday problem-solving.

Students who play strategy or simulation games outside school, for example, may already possess
valuable skills related to planning, resource management, collaboration, or systems thinking.
Teachers should view these experiences as strengths that can support formal learning.

Research indicates that activating prior knowledge improves comprehension, motivation, and long-
term retention because learners can connect new information to existing cognitive structures
(Bransford, Brown, & Cocking, 2000).

4.3 Strategies for Activating Prior Knowledge

Before beginning a game-based STEAM activity, teachers should explore what students already
know.
Effective strategies include:
Brainstorming
Invite students to share ideas related to the topic. Record responses and revisit them after the
activity to identify how understanding has developed.
Concept Maps
Students create diagrams showing relationships between key concepts. Concept maps reveal
misconceptions as well as existing understanding.
KWL Charts
Students complete a three-column chart:
¢ K- WhatI Know
e W -—What I Want to Know
e L —WhatI Learned
This simple strategy encourages reflection throughout the learning process.
Diagnostic Questions
Short quizzes, discussion prompts, or digital polls can help teachers identify students' strengths and
learning needs before instruction begins.
Personal Experiences
Encourage students to connect classroom topics with experiences from home, hobbies, community
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projects, or previous digital games.

Good Practice Box
Activating Prior Knowledge Before a Minecraft Education Lesson
Topic: Sustainable Communities
Before students begin building, the teacher asks:
e What makes a city environmentally friendly?
e  Where does electricity come from?
¢ How can waste be reduced?
¢ What environmental challenges does our local community face?
Students discuss their ideas in small groups and create a concept map. These initial ideas are
revisited at the end of the project to demonstrate conceptual growth.

4.4 Building New Knowledge Through Game-Based Learning

Educational video games support knowledge construction by allowing students to investigate
authentic problems.
Instead of memorizing information, students:

e ask questions;

e collect evidence;

e test solutions;

e analyse results;

¢ revise their understanding.
This process aligns with constructivist learning theory, which emphasizes that learners actively
construct knowledge through meaningful experiences.
For example, when students design a renewable energy system in Minecraft Education, they
integrate previous knowledge about electricity, mathematics, environmental science, and
engineering while developing new understanding through experimentation.

4.5 Recognising Skills Developed Through Educational Video Games

Educational video games develop far more than subject knowledge. They also promote transversal
competencies that are increasingly valued in education and employment.

These competencies include:

Critical Thinking

Students evaluate evidence, compare alternative solutions, and justify decisions.

Creativity

Learners generate original ideas, design innovative products, and communicate their thinking
visually and digitally.

Collaboration

Students negotiate roles, share responsibilities, and solve problems collectively.
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Communication

Learners explain their reasoning, present findings, and engage in constructive discussion.
Computational Thinking

Students develop logical reasoning, algorithmic thinking, debugging skills, and problem
decomposition.

Digital Literacy

Learners use digital technologies responsibly, safely, and effectively.

Self-Regulation

Students plan tasks, monitor progress, manage time, and reflect on their own learning.

4.6 Assessing Learning in Game-Based STEAM Education

Assessment should support learning rather than simply measure performance.
Teachers should combine multiple approaches to capture both knowledge acquisition and
competence development.

Formative Assessment
Formative assessment occurs continuously throughout the learning process.
Examples include:

e classroom observations;

e questioning;

e feedback conversations;

e peer discussions;

e learning journals.

Observation Checklist Example

Competency Observed Consistently Sometimes Needs Support
Collaborates effectively o o o

Applies scientific concepts O

Solves problems creatively o | m]
Uses digital tools confidently o o o
Reflects on learning o o o

Summative Assessment
Summative assessment evaluates learning at the end of a project.
Possible evidence includes:

e completed digital worlds;

e programming projects;
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e engineering prototypes;
e presentations;
e  reports;
o digital portfolios.
Assessment criteria should be shared with students before beginning the activity.

4.7 Student Reflection

Reflection helps students consolidate learning and recognize their own progress.
Teachers may ask students to consider:
e What did I learn?
e  What was challenging?
e How did I overcome difficulties?
e What would I do differently next time?
e  Which skills have I developed?
e How can I apply these skills in other situations?
Reflection may take the form of journals, video diaries, group discussions, or digital portfolios.

4.8 Recognising Learning Beyond the Classroom

Learning does not end when a lesson finishes.
Students often continue:
e improving projects;
e watching tutorials;
e participating in online communities;
e collaborating with classmates;
e experimenting independently.
Teachers should acknowledge these informal learning experiences whenever appropriate.
Recognition can include:
o digital badges;
e certificates;
e showcases;
e exhibitions;
¢ school competitions;
e project fairs;
e c-portfolios.
Such recognition increases motivation and encourages lifelong learning.

Good Practice Example
Digital Portfolio
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Each student creates a digital portfolio containing:

e screenshots of projects;

e programming files;

e design sketches;

e photographs;

e reflection journals;

e teacher feedback;

e peer comments.
The portfolio demonstrates learning over time and can be shared during parent meetings,
exhibitions, or school events.

4.9 Teacher Self-Reflection

Continuous improvement requires teachers to reflect on their own practice.
After each project, consider:
e  Were the learning objectives achieved?
e  Which activities generated the greatest engagement?
e  Which misconceptions emerged?
e Did all students participate meaningfully?
e  Were assessment methods appropriate?
e How could the project be improved?
Professional reflection supports ongoing development and encourages innovation.

Practical Recommendations for Teachers
e Begin each project by identifying students' prior knowledge.
e Use open-ended questions to encourage exploration.
e Assess both the learning process and the final product.
e Value creativity, collaboration, and problem-solving alongside academic achievement.
¢ Encourage students to reflect regularly on their learning.
e Recognize competencies developed through formal, non-formal, and informal experiences.
e Use digital portfolios to document progress over time.

Reflection Questions
1. How do you currently identify students' prior knowledge?
Which assessment methods best capture creativity and collaboration?
How can digital portfolios support long-term learning?
How might recognizing informal learning increase student motivation?
Which competencies do you most want your students to develop through STEAM
education?
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Key Takeaways
e Prior knowledge provides the foundation for meaningful learning.
e Educational video games help students connect existing understanding with new concepts.
e Assessment should recognize both disciplinary knowledge and transversal competencies.
e Reflection is essential for deep learning and self-regulation.
e Teachers should value learning that occurs both inside and outside the classroom.

Part 5. How to Integrate Different Profiles of Students

Learing Objectives
By the end of this chapter, teachers will be able to:
¢ Understand the principles of inclusive STEAM education.
¢ Design game-based learning experiences that accommodate diverse learners.
¢ Differentiate instruction according to students' abilities, interests, and learning needs.
o Foster equitable participation in collaborative STEAM projects.
e Promote diversity, intercultural understanding, and digital inclusion through educational
video games.
e Apply Universal Design for Learning (UDL) principles within STEAM classrooms.

5.1 Introduction

Every classroom is diverse. Students differ in their prior knowledge, learning styles, cultural
backgrounds, languages, interests, digital skills, motivation, and cognitive, physical, or emotional
needs. Inclusive education recognizes these differences not as barriers but as opportunities to enrich
the learning experience for everyone.

Educational video games provide flexible, interactive, and engaging learning environments that can
support inclusion when they are intentionally designed and facilitated. Through adjustable
difficulty levels, collaborative tasks, visual supports, and multiple ways of demonstrating learning,
game-based approaches can help ensure that all students have meaningful opportunities to
participate and succeed.

However, technology alone does not guarantee inclusion. Teachers remain central in creating
accessible learning environments, adapting activities, and encouraging positive classroom
relationships.

5.2 Understanding Learner Diversity

Teachers should consider the wide range of learner characteristics that may influence participation
in STEAM activities.
These include:
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¢ differences in academic achievement;

e varying levels of digital competence;

¢ students with special educational needs or disabilities;

o gifted and talented learners;

¢ multilingual learners;

e students from different cultural and socioeconomic backgrounds;

e differences in confidence, motivation, and learning preferences.
Recognizing these differences enables teachers to design learning experiences that provide
appropriate support and challenge for every student.

5.3 Universal Design for Learning (UDL)

Universal Design for Learning (UDL) is an educational framework that promotes flexible teaching
methods to meet the needs of all learners. Rather than adapting lessons after difficulties arise, UDL
encourages teachers to design inclusive learning experiences from the outset.

The framework is based on three core principles:

Multiple Means of Engagement
Provide different ways to motivate and involve students in learning.
Examples include:

e allowing students to choose project themes;

¢ offering collaborative and individual tasks;

e connecting activities to real-life problems;

e incorporating student interests into projects.
Multiple Means of Representation
Present information in different formats to accommodate diverse learning preferences.
Teachers may combine:

e written explanations;

e diagrams and infographics;

e videos;

e demonstrations;

e interactive simulations;

e verbal instructions.
Multiple Means of Action and Expression
Allow students to demonstrate learning in different ways.
For example, students may:

e build a digital model;

e create a presentation;

e produce a video;

e write a report;
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e design a game;
e develop a prototype.
This flexibility values different strengths while maintaining high expectations.

5.4 Differentiating Game-Based STEAM Activities

Differentiation involves adapting instruction to meet learners' varying needs without lowering
learning expectations.
Differentiating Content
Teachers can provide different levels of background information, tutorials, or support materials
depending on students' prior knowledge.
Differentiating Process
Students may work:
¢ individually;
e in pairs;
e in collaborative groups;
e with teacher guidance;
¢ independently.
The complexity of tasks can also be adjusted.
Differentiating Products
Students should have multiple options for demonstrating their understanding.
Possible products include:
e digital worlds;
e coding projects;
e posters;
e engineering prototypes;
e presentations;
e reflective journals.

5.5 Supporting Students with Special Educational Needs and Disabilities (SEND)

Educational video games can increase participation for many learners when appropriate
accommodations are provided.
Teachers should consider:

¢ simplified instructions;

e step-by-step demonstrations;

¢ additional processing time;

e visual schedules;

e captions and subtitles;

¢ alternative input devices when needed;
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e assistive technologies;
e peer support.
Projects should focus on students' strengths and encourage active participation.

5.6 Supporting Gifted and Highly Able Students

Game-based learning provides excellent opportunities for extending learning.
Teachers may encourage gifted students to:
e develop advanced coding projects;
e design complex engineering solutions;
e mentor peers;
e investigate additional scientific questions;
e create tutorials for classmates;
¢ lead collaborative design teams.
Extension activities should promote creativity and higher-order thinking rather than simply
increasing workload.

5.7 Supporting Multilingual and Culturally Diverse Learners

STEAM education benefits from cultural diversity because students bring different perspectives to
problem-solving.
Teachers can support multilingual learners by:
e using visual instructions;
¢ introducing key vocabulary before activities;
e encouraging collaborative learning;
¢ allowing students to use their first language during planning when appropriate;
¢ providing bilingual resources where possible.
Collaborative projects promote communication while respecting linguistic diversity.

Good Practice Box

Multicultural Sustainable City Project
Students from different cultural backgrounds work together to design a sustainable city in
Minecraft Education.
Each team incorporates ideas inspired by different countries, such as:
e renewable energy systems;
e architectural styles;
¢ public transportation;
e water management;
e community spaces.
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The activity promotes environmental awareness alongside intercultural understanding and
collaboration.

5.8 Promoting Gender Equality in STEAM

Despite increasing participation, gender stereotypes continue to influence students' perceptions of
STEAM subjects.
Teachers should:

e use inclusive language;

e present diverse role models in science and technology;

e encourage equal participation in leadership and technical roles;

¢ challenge stereotypes respectfully;

e ensure balanced group composition.
Educational games should provide equal opportunities for all learners to explore coding,
engineering, design, and scientific inquiry.

5.9 Building Inclusive Collaborative Teams

Collaborative learning is most effective when teams are carefully organised.
Teachers should consider:
¢ balancing abilities;
e ensuring diversity;
rotating responsibilities;
e assigning meaningful roles.
Possible roles include:

Role Responsibilities

Project Coordinator Organises the team and monitors progress
Scientist Researches scientific concepts

Engineer Develops technical solutions
Programmer Creates code and digital systems
Designer Develops visual and artistic elements
Presenter Communicates project outcomes

Rotating roles enables students to experience different aspects of STEAM practice.

5.10 Creating an Inclusive Classroom Culture

Inclusive classrooms are characterised by respect, collaboration, and shared responsibility.
Teachers should encourage students to:
e value different perspectives;
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celebrate creativity;
learn from mistakes;
support classmates;
e communicate respectfully;
¢ solve conflicts constructively.
A positive classroom culture increases participation and strengthens students' confidence.

Classroom Example
Climate Change Challenge
Platform: Minecraft Education
Students work in mixed-ability teams to redesign a community affected by climate change.
Each student contributes according to their strengths:
¢ researching scientific evidence;
¢ designing buildings;
e calculating resource use;
e creating presentations;
e programming automated systems.
Assessment recognises both individual contributions and team outcomes.

Inclusive Assessment Strategies
Teachers should provide multiple opportunities for students to demonstrate learning.
Assessment may include:
e observation;
o digital portfolios;
e oral presentations;
e demonstrations;
e peer assessment;
e self-assessment;
e multimedia projects.
Rubrics should evaluate:
¢ understanding of STEAM concepts;
e collaboration;
e creativity;
e communication;
e problem-solving;
e digital competence.

Practical Recommendations for Teachers
e Plan for diversity from the beginning.
e Provide clear instructions using multiple formats.
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e Encourage teamwork and peer support.

e  Offer flexible ways for students to demonstrate learning.

e Celebrate progress as well as achievement.

e Create opportunities for every learner to contribute meaningfully.
o Reflect regularly on the inclusiveness of classroom practices.

Reflection Questions
1. How does your classroom currently support learner diversity?

2. Which UDL strategies could you implement immediately?
3. How can educational games promote inclusion rather than competition?
4. What adaptations might be needed for students with different learning needs?
5. How can collaborative projects strengthen intercultural understanding?
Key Takeaways
e Inclusive STEAM education values diversity as a strength.

e Educational video games provide flexible learning environments that can support all
learners.

e Universal Design for Learning helps teachers plan inclusive activities from the outset.

o Differentiation ensures that every student can participate meaningfully.

e Inclusive assessment recognises multiple forms of achievement and competency
development.

Conclusion
Empowering the Future of STEAM Education Through Non-Formal Video Games

The rapid evolution of digital technologies has transformed how young people learn, communicate,
and solve problems. Schools are therefore challenged to provide learning experiences that not only
develop subject knowledge but also prepare students for the demands of the 21st century. STEAM
education has emerged as an interdisciplinary approach that promotes creativity, inquiry,
collaboration, innovation, and critical thinking. Integrating educational video games into STEAM
education offers an effective way to achieve these goals.

Throughout this guidebook, we have explored the pedagogical foundations, practical
implementation strategies, and inclusive approaches that support the successful use of non-formal
video games in education. Educational games are not intended to replace traditional teaching;
rather, they enrich learning by creating authentic contexts where students investigate real-world
problems, apply scientific concepts, design creative solutions, and reflect on their learning.

Research consistently demonstrates that well-designed game-based learning can increase
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motivation, improve academic achievement, strengthen digital competence, and foster essential
transversal skills such as communication, collaboration, computational thinking, and self-
regulation. These competencies are fundamental for lifelong learning and active participation in
increasingly digital societies.

However, technology alone cannot transform education. The teacher remains the most influential
factor in successful implementation. Teachers design meaningful learning experiences, facilitate
inquiry, encourage reflection, assess learning, and create inclusive classroom environments in
which every learner can succeed. Continuous professional development and collaboration among
educators are therefore essential for maximizing the educational potential of digital game-based
learning.

This guidebook also emphasizes the importance of inclusion, ensuring that educational
opportunities are accessible to students of diverse backgrounds, abilities, cultures, and learning
profiles. By applying Universal Design for Learning principles, differentiated instruction, and
collaborative pedagogies, teachers can create equitable learning environments where diversity
becomes a source of innovation and creativity.

Finally, the Erasmus+ partnership demonstrates the value of international cooperation in addressing
shared educational challenges. Through collaboration among schools, universities, vocational
education providers, municipalities, NGOs, and business sectors, innovative teaching practices can
be developed, evaluated, and disseminated across Europe. Such cooperation strengthens
educational quality, supports digital transformation, and contributes to achieving the objectives of
the European Education Area.

Educational video games should therefore be viewed not simply as technological tools but as
powerful learning environments that enable students to become curious investigators, creative
designers, responsible digital citizens, and collaborative problem-solvers prepared for the
challenges of the future.

Recommendations for Teachers
Before Implementation
e Begin with clearly defined learning outcomes.
e Select educational games that align with curriculum objectives.
¢ Ensure all students have access to the required technology.
e Familiarize yourself with the platform before classroom implementation.
e Plan assessment strategies alongside learning activities.

During Implementation
¢ Introduce the educational purpose of the activity.
¢ Encourage inquiry rather than providing immediate answers.
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e Facilitate teamwork and communication.

e  Monitor participation continuously.

e Provide formative feedback throughout gameplay.

¢ Encourage students to explain and justify their decisions.

After Implementation
¢ Conduct structured reflection sessions.
¢ Connect gameplay to curriculum concepts.
e Encourage peer feedback.
¢ Evaluate both the learning process and outcomes.
e Document good practices for future use.

Recommendations for School Leaders
School leaders play a crucial role in creating conditions that support innovative teaching.
They should:

e provide access to digital infrastructure;

e support teacher professional development;

e encourage interdisciplinary collaboration;

e allocate time for project-based learning;

e recognize innovative teaching practices;

e develop digital education strategies;

e promote partnerships with external organizations.

Recommendations for Policymakers
Educational policy should support sustainable integration of educational video games within
STEAM education by:

e investing in digital infrastructure;

e promoting teacher training;

e supporting open educational resources;

e encouraging interdisciplinary curricula;

e recognizing competencies developed through non-formal learning;

o fostering collaboration between education, research, industry, and civil society;

¢ funding innovation through national and European initiatives.

Recommendations for Parents
Parents are valuable partners in supporting students' learning.
They can:
e encourage responsible use of educational technologies;
e discuss learning experiences at home;
e support participation in STEAM projects;
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To ensure long-term impact, project results should remain accessible beyond the project's lifetime.

Suggested sustainability actions include:

¢ maintaining the project website and digital repository;

¢ updating educational materials regularly;
e organizing annual teacher workshops;
e creating communities of practice;

e integrating materials into teacher training programmes;
e cexpanding partnerships with schools and universities.

Project Impact

The implementation of this guidebook is expected to contribute to:

Students
e increased motivation;
e improved academic achievement;
e cnhanced digital competence;
e stronger problem-solving skills;
e increased creativity and collaboration.
Teachers
e improved pedagogical practices;
e greater confidence in digital education;
e stronger interdisciplinary teaching;
¢ cnhanced professional development.
Schools
e curriculum modernization;
e increased innovation;
stronger community partnerships;
enhanced European cooperation.
Communities
e improved awareness of STEAM education;
e stronger links between education and industry;
¢ increased participation in European initiatives.

®

RIGAS

RIGAS
54.VIDUSSKOLA

AR




Glossary of Terms

Term

Assessment
Computational Thinking
Constructivism

Digital Literacy

Educational Video Game
Formative Assessment

Game-Based Learning
Inquiry-Based Learning
Non-Formal Learning

Problem-Based Learning
Project-Based Learning
Self-Assessment
STEAM

Summative Assessment

Universal ~ Design
Learning (UDL)
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Definition

The process of collecting evidence of student learning and
competencies.

A problem-solving approach involving decomposition, pattern
recognition, abstraction, and algorithm design.

A learning theory stating that learners actively construct knowledge
through experience.

The ability to use digital technologies effectively, safely, and
responsibly.

A digital game designed or adapted to support learning objectives.
Ongoing assessment used to improve learning during instruction.

Learning through the use of games with defined educational
objectives.

Learning through questioning, investigation, and discovery.

Organized learning outside formal education systems, often flexible
and learner-centred.

Learning through solving authentic, complex problems.

Learning through extended projects addressing real-world challenges.
Students' evaluation of their own learning and progress.

Science, Technology, Engineering, Arts, and Mathematics.

Assessment conducted at the end of a learning period to evaluate
achievement.

for A framework for designing inclusive learning experiences that

accommodate learner diversity.

Appendix A. Lesson Planning Template

Lesson Title:
Subject(s):

Grade Level:
Duration:
Educational Platform:
Learning Objectives
Knowledge:

Skills:

Attitudes:
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STEAM Competencies
O Scientific inquiry
O Computational thinking
O Creativity
[ Collaboration
1 Communication
O Problem solving
Materials Required
Lesson Procedure
1. Introduction
2. Gameplay/Activity
3. Reflection
4. Assessment
Differentiation Strategies
Assessment Methods
Teacher Reflection

Appendix B. Student Self-Assessment Form

Project Title:

Rate each statement from 1 (Strongly Disagree) to 5 (Strongly Agree).
Statement 12345

I understood the learning objectives. oOoooao

I actively contributed to my team. ooOooaa

I used digital tools responsibly. oOoooao

I solved problems creatively. oOoooao

I improved my understanding of STEAM concepts. (1 O [0 [0 O

Reflection Questions:
e What did I learn?
e  What challenged me most?
e  What am I proud of?
e What would I improve next time?

Appendix C. Teacher Observation Checklist

Competency Yes Partly No
Participates actively O O O
Demonstrates scientific understanding [0 [ O
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Competency Yes Partly No
Collaborates effectively O O O
Applies problem-solving strategies [0 [ (|
Communicates ideas clearly O O O
Uses digital technologies responsibly [0 [ O

Comments:

Appendix D. Project Evaluation Rubric

- . Needs
Criterion Excellent (4) Good (3) Satisfactory (2) Improvement (1)
Demonstrates
Understanding of comprehensive Applies concepts Shows basic Limited
STEAM concge s understanding  and with minor understanding but understanding of
P applies concepts inaccuracies. with gaps. concepts.
accurately.

.. Prpduces h1ghly Demonstrates Some creative . . . ..
Creativity and original,  effective, . . . . Limited creativity
) . e originality ~ with elements are S
innovation and well-justified . . or originality.

solutions. effective solutions. present.
Consistently Participates
Collaboration contributes, supports actively with Participates Rarely contributes
peers, and shares occasional support inconsistently. to group work.
responsibility. needed.
ziifpseflsdentl};oblems Solves  problems Solves simple Has difficult
Problem-solving y p using appropriate problems with . Y
and evaluates . . solving problems.
multiple solutions. strategies. guidance.
iCéll:;Srly eXILl;lr?S Communicates cB(iilfnunication Communication is
Communication . . & ideas clearly with ~. .. unclear or
appropriate evidence . .o with limited .
. minor omissions. . incomplete.
and terminology. evidence.
Digital Uses digital tools Uses digital tools Uses digital tools Requires
001%1 etence confidently, safely, appropriately with with frequent substantial support
P and effectively. occasional support. guidance. to use digital tools.
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Appendix E. Digital Portfolio Template
Students should include:
e Project title and objectives.
¢ Planning notes and research.
e Screenshots or photographs of their work.
e Programming code or design files (where applicable).
e Reflection journals.
e Teacher feedback.
e Peer feedback.
¢ Final presentation or report.
e Evidence of revisions and improvements.
e Personal learning goals for future projects.
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