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STEAM MANUAL: FROM INSPIRATION TO ACTION

Welcome! This guidebook is intended for anyone working with youth aged 18 to 30. We will
demonstrate how to merge science, technology, engineering, arts, and mathematics (STEAM) in
non-formal learning contexts. Our mission is to assist educators in introducing youth to science in
an interesting, innovative, and practical manner. We want youth to be able to think critically,

generate innovative solutions, and become engaged citizens.

1.  Why are we doing STEAM?

The world is changing quickly. Technology is evolving, and we require individuals who can solve
problems, cooperate, and use digital tools. In schools and organisations, science and the arts are
increasingly being merged. This helps to build abilities that are necessary in the twenty-first

century.

STEAM draws together several fields of knowledge. It teaches us to be creative and how to apply
science to real-world problems. We think that everyone deserves the opportunity to engage,

regardless of gender, income, or background.

This document embodies the European Union's ideals of inclusion, equality, sustainability, and
participation. We will demonstrate how STEAM can benefit communities, for example, through

environmental preservation initiatives.

2. What will you discover inside this manual?

First, we shall define basic terms like STEM, STEAM, and STREAM. We'll learn about scientific
methods and how to help youth think like scientists. We'll also talk about experiential learning,

which is learning by doing and reflecting on what you've learnt.

We will discuss specific strategies such as Design Thinking (a creative problem-solving approach)
and Citizen Science. We will also discuss digital tools, conducting tests, safety measures, and how
to reduce hazards while carrying out tasks. A short summary is included at the end of each chapter
to assist readers connect the subjects. The booklet also provides real-life examples, helpful

infographics, and practical advice for engaging with youth in real-world circumstances.



This booklet is meant for everyone who works with youth, including educators, trainers, youth
workers, and organisations. Its goal is to promote the combination of science, technology,

engineering, and mathematics (STEM) and the arts (A), which we call STEAM.

3.  What do we hope to achieve?

We wish to promote creative learning, scientific thinking, and inclusiveness for all youth,
regardless of ability or background. The purpose is to encourage youth to explore, experiment, and

get a greater awareness of their surroundings.

4. What does the manual contain?

v Basic STEM and STEAM concept explanations.

N

Practical activities that have already proven effective in youth work.

v Digital technologies, such as PhET simulations, can enable youth learn about how nature

operates on their own.
v Examples of ways to incorporate scientific concepts into art and digital tools.

v Tips on how to tailor activities to the group you're working with..

S. Why is STEAM important?

In a rapidly changing world, we require more youth who are curious, creative, and capable of using

technology. STEAM helps them to develop just such talents.

6. Who is this manual intended for?

v Youth workers and trainers that wish to incorporate STEAM into their work.
v Teachers are looking for novel teaching approaches.
v Cultural institutions, schools, and libraries interested in multidisciplinary activities.

v Youth that enjoy technology, art, and want to make a difference in the world.

7. How do I utilize this manual?

The manual is written in a plain and straightforward manner, using specific tools and examples. It
can serve as inspiration for creating workshops, initiatives, and activities that combine science with

creativity.



8.  Note to educators regarding the appropriate use of scientific language.

When engaging with young youth on STEM topics, how we explain things is important. Words
like STEM or STEAM may be familiar to us, but they can be baffling to youth who do not have a

science background. That is why we utilize basic, ordinary language.

We introduce technical topics progressively and with examples. For example, rather than using
"experimental hypothesis," we can say "a guess we're going to test," and then explain what the term

hypothesis implies.

If we're dealing with a group with varying levels of prior knowledge, we use comparisons and
real-life examples to assist everyone comprehend better. Adapting the language does not imply

oversimplifying the ideas. Youth can learn complex subjects when they are conveyed simply and

engagingly.

We use comedy, pose questions, and promoting discussion. If someone misunderstands

something, it is not a problem; rather, it provides a chance for shared learning and conversation.

Our mission is to make science accessible and fascinating to everyone. This promotes confidence

and curiosity in young individuals.

Before each session or workshop, consider how you would explain this concept to a friend

who is not interested in science.



1. CREATIVITY + SCIENCE = STEAM EDUCATION OF THE FUTURE

Welcome to the World of STEAM! This is a space where science, technology, engineering, the
arts, and mathematics intersect. This combination promotes creativity and learning. This
guidebook is intended for use with youth aged 18 to 30. Our goal is to help youth develop skills

necessary for the twenty-first century through hands-on activities that link digital tools to culture.

Today, many people lack understanding in STEM subjects, thus schools and organizations are
seeking for innovative ways to teach. The idea is to mix scientific work with art while also
developing diverse talents that youth will need in the future. That is why there is a growing interest
in STEAM education throughout Europe. The European Union promotes initiatives that combine

science and art in order to encourage youth to think critically and generate novel ideas.

Programs like the European Education Area and Erasmus+ aim to ensure that all youth have access
to high-quality education. They emphasize the relevance of STEM and STEAM skills in the

workplace and managing today's technological world.

The STEAM approach (Science, Technology, Engineering, Arts, and Mathematics) is a
development of the classic STEM model; incorporating the arts and design component enriches the

learning experience, making it more creative and interesting.

STEAM is an educational strategy that combines science, technology, engineering, arts,

and mathematics to educate youths for a future that requires transdisciplinary skills.

In addition to the phrase STEAM, we occasionally use STREAM. STREAM includes *Reading*
as a required ability, highlighting the importance of language and communication in scientific
themes. In this handbook, we shall use the terms STEM, STEAM, and STREAM depending on

the situation, but always with the intention of connecting diverse subjects.

The guidebook is based on latest research and best practices. We used a variety of materials,
including European studies and handbooks (for example, *STEM Volunteer Handbook*,
*Learning Through Citizen Science*, and *STEAM in 21st Century Education®). Our goal is to

make clear, well-founded recommendations.

The concepts presented in this manual are based on experiential learning, which is learning by

doing and discovering. Youth are not passive listeners, but active participants. Along with



theory, we provide practical ideas and examples for carrying out tasks, ranging from small

experiments to real-world research projects.

We also promote the value of inclusivity. Science and technology affect our society, and everyone
should be able to contribute, regardless of gender, background, or financial circumstances. We
aim to encourage more girls and youth from underrepresented groups to participate in STEM. That
is why all of the exercises in this guidebook encourage equality, teamwork, and respect for diverse

viewpoints.

The guidebook is intended to take you step by step, from fundamental ideas to more advanced
topics. We start by clarifying what science, STEM, STEAM, and STREAM are, what it means to
be scientifically literate, and why it's important. Then we go on to working methodologies, which
include design thinking, citizen science, and experimentation. We also discuss how to identify and

rectify common misconceptions among youth.

Later chapters cover more sophisticated issues and offer advice on how to plan your own activities
and prevent potential pitfalls. Each chapter concludes with a quick teaser of the following chapter,

ensuring a clear and continuous flow across the content.

We hope you find this manual useful as you explore the world of STEAM. Let's start by looking

at the first major topics together.

1.1. Concepts That Drive STEM

To engage effectively with youth on STEM topics, it is necessary to understand the fundamental
concepts that underpin this approach. These ideas help us arrange activities more effectively,
convey knowledge, and encourage youth to explore and create. We've created a concept map to

introduce key terms that drive STEM thought and application.



Figure 1. Concept Map of Basic STEM Terms

Science & Method

Science

A technique for people to learn about
their surroundings. Scientists observe,

test, measure, and reach conclusions.
Science subjects include biology, physics,
and chemistry.

Scientific Method

How scientists work. They begin by
asking a question, then formulate a
hypothesis about what they believe will
happen, conduct an experiment, gather
data, draw a conclusion, and double-
check everything.

Hypothesis

Trying something and seeing what
happens. In an experiment, we adjust
some variables and then examine the
outcome to learn something.

A really good answer that has been
thoroughly investigated and supported

by evidence. For example, the theory of
gravity explains why objects fall.

Experiment (test)

Trying something to see what happens.
In an experiment, we adjust some
variables and then examine the outcome
to learn something.




Experiential Learning

Learning by doing and gaining personal
experience. We learn by doing rather
than simply hearing.

Reflection

Following an activity, we reflect on what
we learnt, what we found fascinating,
and why.

Learning & Process

Evaluation

An evaluation of how an activity went:
what we did well, where we can improve,
and what we learnt.

Research

It entails searching for answers and
learning something new. It could be an
experiment, a survey, or looking up facts
online.

Demonstration

That is when a teacher or leader
demonstrates an experiment for which
they already know the outcome in order
to make it clearer and more entertaining
to everyone.




Understanding & Knowledge

Scientific Literacy

It entails understanding science and
knowing how to use that information in
everyday situations, such as why we get

vaccinated or how to identify fake news.

Misconception

It occurs when someone misunderstands
something, such as believing that it is
colder in the winter because the Earth is
farther from the Sun. Making mistakes is
a typical part of the learning process.

Design

Planning and developing a new solution
to a problem, such as building a weight-

bearing paper bridge.

Model

A simplified rendition of anything from
everyday life. For example, a globe is a
representation of the Earth. Modeling is
the process of creating and using models
to gain a better understanding of

something.

Science Popularization

A straightforward and fun way to
communicate science to everyone, using
films, shows, articles, and festivals.

Creativity & Design

Integration

Connecting various forms of knowledge.
For example, when working on a project,
you might combine biology, art, and
online research.




Digital Tools & Accessibility

Digital Literacy Digital Tool Social Inclusion

Connecting various forms of knowledge. We use programs, applications, and Everyone has the opportunity to

For example, when working on a project, devices to learn, create, or investigate, participate, regardless of where they
you might combine biology, art, and such as a computer, tablet, or coding come from, what their disability is, or
online research. app. how they differ from others. Everyone is

valuable and should have the

|_opportunity to learn and participate.

Source: Authors

The idea map depicts basic terms used while addressing STEM and dealing with youths. Each
phrase is part of a larger picture, linked to learning, exploration, creativity, and digital skills. This
map helps us comprehend how scientific thinking ties to experience, technology, and society. The
terms are organized into themes to help us remember and apply them more effectively in

practice.How to Read, Learn, and Take Action With This Manual

1.2. How to Read, Learn, and Take Action With This Manual

This tool can be used to search for or recommend products that interest you. The activities are
intended for individuals aged 18-30, although they can also be tailored to other age groups.

We propose that the first step is to conduct a theoretical study to determine whether there are any
differences between youth. After that, you can try out activities in practice. The presentation is
interactive. Write down your ideas, plan your activities, and collaborate with others. As

educators, you can become innovators and designers.

What do STEM, STEAM, and STREAM stand for? What is the STEAM program and how do we

foster knowledge sharing? The answers will be provided in the following chapter, together with

10



an overview of how these ideas evolved in Europe and around the world, as well as why they are

essential to youth.

2. STEM, STEAM, AND STREAM—TOOLS FOR AN INTEGRATED
LEARNING APPROACH

The STEAM approach integrates science, technology, engineering, the arts, and mathematics into
collaborative endeavors. Instead of learning each subject independently, we connect them,
precisely as they would in real life. Real-world problems are not limited to a particular discipline,

nor should they be in learning.

Figure 2. Applying STEAM to Solve an Environmental Problem

to monitor environmental changes

Technology

to understand the problem

Biology &Chemistry
CHs
Ny N A :

STEAM
APPROACH

to create a campaign and
raise awareness

Mathematics

Source: Authors
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The STEAM approach graphic depicts how different disciplines interact to generate the "big
picture." This manner, we learn both the theory and how to apply it. We learn how to collaborate,
communicate, and think creatively. STEAM is not a new subject, but rather a method of learning.
An art project, for example, can teach us scientific principles, whereas an engineering task can help
us develop our aesthetic sense. This method is more appealing and significant to youth. According
to research, this strategy helps youth become more active and prepared for adulthood. In STEAM
learning, it is critical to understand not only what something means, but also why it is essential.
For example, we don't just solve math problems; we also create an artistic piece that responds to

sounds. In this approach, we learn both the theory and how to apply it in practice.

STEAM promotes innovation since learning is more than just obtaining the "right" answers. When
we incorporate the arts, we create space for fresh ideas and viewpoints. Young individuals with
diverse talents can contribute in a variety of ways. One person may excel in drawing and designing,
whilst another excels at data analysis and calculation. Everyone has the opportunity to demonstrate

their knowledge and learn how to work as a team.

Combining information from several domains is frequently what leads to innovation. That is
exactly what we do in STEAM: we link disparate concepts to create new answers. By including
the arts, we move the emphasis from merely technical problem solutions to creative thinking

focused on human needs.

STEAM must be accessible to anyone. Historically, STEM fields have excluded some groups,
including women, minorities, and those with impairments. That's why it's critical to foster an
environment in which everyone feels welcome. STEAM activities can be tailored to various talents
and levels of expertise. This is known as flexibility and distinction. According to European norms,

STEAM education should be equitable, inclusive, and culturally sensitive.

In this chapter, we looked at the main concepts of STEAM. In the following section, we will
discuss the scientific method and scientific literacy as the foundations of effective STEAM

teaching.

12



3. HOW TO UNDERSTAND AND COMMUNICATE SCIENCE TO
OTHERS

The scientific method is a method for discovering new information or verifying what we currently

know. It is made up of various processes that allow us to learn based on evidence.

Figure 3. Steps of the Scientific Method

& We communicate the outcomes
8*8; to others

by asking whether or not our

experiment supports the
hypothesis

To test the hypothesis, we plan and carry out
an observation or experiment

We formulate a hypothesis, or an educated guess as to what
we believe will occur and why
We pose a query or identify an issue

Source: Authors

It is critical that others replicate our experiment and achieve similar outcomes. This demonstrates
that our findings are reliable. The scientific method teaches us how to ask questions, gather

evidence, and draw conclusions from data.

13



3.1. Why Scientific Literacy is Important and How to Foster It in Youth

Today, we hear a lot about science and technology, such as climate change, diseases, and "miracle"
products. Youth should understand what is true and what is not. They will require scientific

knowledge to accomplish this.

Scientific literacy is understanding how science works and being able to make sound decisions.
Youth who are scientifically literate can recognize the difference between truth and
misinformation. For example, if someone asserts that the Earth is flat or that vaccines are
dangerous, they will know how to ask the correct questions: Who is making this claim? Is there

some evidence? Has it been evaluated by other experts?

This type of literacy enables youth to protect themselves from disinformation. Fake news travels

swiftly on social media, but science-savvy users are less inclined to trust it.

Youth who are scientifically educated can make decisions that influence society as a whole, such
as those related to health, energy, and environmental protection. They recognize that scientific
consensus is more than just agreement; it is a body of evidence acknowledged by the majority of

specialists. Such youth are less likely to believe conspiracy theories.

When working with youth, we frequently meet beliefs that they have already adopted—perhaps
from school, the internet, or at home. These misunderstandings cannot be remedied simply by
talking. We need to use experiments and actual examples. For example, if someone believes that
heavier objects fall faster, we can conduct an experiment where two objects of different weights
are dropped from the same height and measured. Youth see for themselves what actually happens,

and this alters their perspectives.

According to research, many people hold false beliefs. For example, more than half of adults in
the United States believe humans and dinosaurs coexisted, which is incorrect. Only around one-
third agree that humans evolved through evolution. These myths do not go away on their own; we

must actively address them via education and debate.

Scientific literacy entails understanding how science works. Science is not a set of permanent
facts. Knowledge varies throughout time. Scientists may disagree, but they seek and use evidence

to achieve common conclusions. Doubt is good when it helps us comprehend more; this is known

14



as constructive skepticism. Denialism, however, is when someone rejects evidence without

justification.

It is critical to show to youth that science is alive and always growing. We should encourage youth
to pose questions and think critically. Questions like "How do we know that?" or "Can we test it?"

indicate scientific knowledge.

3.1.1. What Does This Mean for Our Work with Youth?

Our purpose is to promote scientific literacy among youth through activities.
> Let us explain how we know something.

Not only does science explain what something is, but also how it was discovered. Take the

following instance: "They found this out by measuring, observing, comparing..."

» Encourage critical thinking

We ask youth to explain their claims, gather proof, and check sources. Workshops allow us to

study web publications and fact-check material.
» Demonstrate curiosity.

If we don't know the answer to a question, let's look for it together. This is how we learn to
obtain accurate information. We demonstrate that it is acceptable not to know—what counts

is knowing how to investigate.

> Let's make science relevant to their daily life.

Let's discuss chemistry through food, physics through sports, and math through money. When

youth perceive that science is all around them, they are more likely to grasp and appreciate it.
> Use citizen science.

Involving youth in real-world initiatives allows them to have a better understanding of science

and join the scientific community.

Our goal is to prepare youth for a world in which they will have to make science-related decisions

such as what to study, who to vote for, and what to purchase.

15



3.1.2. Example of the Scientific Method in the Classroom

A group of youth decided to look into a claim they frequently read on social media. They wanted
to know if gamers, or persons who play video games on a regular basis, have faster reflexes than
non-gamers. Instead of accepting the opinion without verification, they elected to pose a scientific

inquiry and conduct their own study.

First, they developed a theory. They anticipated that youth who regularly play video games have
faster reaction times than those who do not. Then they devised an experiment to help examine this
hypothesis. They used a basic and accessible method: the ruler drop test, which determines how
many centimeters a ruler falls before a person catches it. Some people also utilized a computer-

based test to estimate reaction time in milliseconds.

Participants were divided into two groups: those who frequently play video games and those who
do not. They ensured that all tests were carried out under comparable settings in order to produce

the most reliable findings. They measured and documented the outcomes for each participant.

After gathering the information, they began the analysis. They calculated the average reaction
time for each group and compared their findings. They discovered that gamers reacted somewhat
faster on average, but the difference was not significant. They found that while their research
indicated that playing video games is associated with marginally faster reflexes, more individuals

and greater control of other variables are required for stronger results.

Finally, they reported their findings to the remainder of the group. They presented them as a graph
and discussed their methodology. This investigation took the youth through all of the steps of the
scientific method. They learned how to pose a question, plan an experiment, gather and evaluate
data, and report their findings. They demonstrated that science can be engaging, beneficial, and

accessible to everybody.

Through this example, youth learned all of the phases of the scientific method. They learned how
to correctly formulate a question, the importance of having a testable hypothesis, how to conduct
a fair experiment (for example, ensuring that all groups have the same conditions), how to collect
data, and how to make evidence-based conclusions. They also realized that the answer does not

have to corroborate the hypothesis — which is totally great. In science, this is considered a useful
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outcome rather than a failure. The scientific method assists us in obtaining accurate knowledge by

rejecting faulty assumptions.

Figure 4. Example of a Reflex Testing Experiment

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

Today, scientific literacy is not limited to scientists. It is an essential component of general
education. A person who knows scientific principles can more quickly identify trustworthy sources
of information, have a better understanding of key topics such as climate change or pandemics, and
make evidence-based judgments. When dealing with youth, we can promote scientific literacy in

engaging ways such as discussions, projects, and real-life examples.

Science communication makes scientific ideas more accessible and engaging to everyone,
particularly youth. Articles, movies, festivals, and citizen science challenge the notion that science
is boring or difficult. Through this, youth learn that science asks exciting questions, makes new

discoveries, and that they can be a part of it.

Today, we are inundated with information—but also with disinformation. This is why critical
media literacy education is so vital. This includes being able to spot pseudoscience, understanding

how scientific agreement is produced, and determining which sources are trustworthy.

Educators might utilize examples of incorrect beliefs, such "lightning never strikes the same place

twice," to demonstrate how these statements can be evaluated. Even better is when youth undertake
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their own research, such as investigating a goldfish's memory. This fosters curiosity and teaches

youth how to pose relevant questions.

Scientific literacy also entails acknowledging that science has boundaries. Some problems do not
have clear answers, while others cannot be measured objectively. Knowing able to interpret

graphs, grasp probability, and estimate risk are crucial abilities for today's citizens.

STEAM activities are a great method to increase scientific literacy. Whether we are making a robot
or painting a mural about climate change, it is critical to constantly ask questions such as "How do
we know that?" and "What is the evidence?" This teaches us how to think like scientists, regardless

of the project topic.

In the following sections, we will look at how the scientific method can be applied to various

methodologies, such as Design Thinking and citizen science.

Experiential learning is a process in which youth learn from their own experiences. It
means they accomplish something, then discuss and reflect on it. They learn via their
actions, not just from theories. This method is particularly successful for STEAM because
it combines hands-on experience, critical thinking, and a sense of accomplishment. It makes

activities more meaningful and engaging.

3.1.3. Advanced Topics to Discuss with Youth

When youths master the fundamentals and participate in hands-on activities, it is normal for them
to ask more in-depth inquiries. That's when we can introduce more important issues that promote

critical thinking and link science to society, ethics, and the future.
Ethics in Science and Technology

Discuss issues such as: Is it acceptable to change genes? What if machines began making decisions
instead of humans? You can organize a debate in which one party defends a specific technology
and the other emphasizes potential concerns. The idea is for everyone to grasp both sides of the

argument.

Pseudoscience and Critical Thinking
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Present ideas like astrology and the "flat Earth." Discuss why these claims are not scientific: they
lack proof, cannot be tested, and are based on stories rather than facts. Watch brief videos and

break down the tactics employed to persuade us.
Science in the Media

Watch movies and TV shows and talk about what is and is not scientifically plausible (for example,
Interstellar and The Martian). Teach youth how to notice when the media exaggerates and how to
analyze news critically—is the study credible? What is the title, and what does the article truly

explain?
STEAM Careers and the Future of Work

Discuss developing vocations, such as data analysts, cybersecurity professionals, and
biotechnology specialists. Invite speakers from these fields to discuss their career prospects.

Discuss robots: which occupations can machines perform and which will always require humans?
Sustainable Development and STEAM

Connect science to big global goals: how can knowledge help combat hunger, pollution, and
climate change? Give them a challenge: let them devise a solution to one of the global goals, such
as "How can we reduce food waste in our city?" Use everything they know, including chemistry,

biology, and technology.

These are only a few of the things you can discuss with youth, but the most important thing is to
listen to their interests and adapt accordingly. It is critical to provide enough information for
people to participate while also giving them the opportunity to drive the conversation. Don't be
hesitant to ask philosophical questions or create hypothetical scenarios; these are frequently the
conversations that youths remember the most and motivate them to learn more. Through exchanges
like these, youngsters learn that science is more than simply a classroom subject; it is alive and

relevant to individuals, society, and the future.
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4. EXPERIENTIAL LEARNING AND THE NONFORMAL APPROACH

When we reflect on our school years, we typically recall the events that occurred. For example,
the first time we gazed at the planets through a telescope, when a chemistry experiment went wrong
and we learnt what not to do, or when we worked together to build a robot. These kinds of
encounters teach us the most. This is the cornerstone of experiential learning: learning via personal
action. First, we do something, then we think about it, and eventually we learn from it. This
method is particularly effective in STEAM education since it integrates theory with practice,

leaving a lasting imprint.

Figure S: School experiment using iodine and rice.

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

Youth are carrying out a hands-on experiment involving the separation of substances (a school
experiment with iodine and rice), demonstrating the principle of learning by doing in
STEM/STEAM education. By actively participating in experiments, we give youth experiences
that help them develop their knowledge of scientific concepts.

David Kolb's experiential learning approach helps us understand how people learn via practice. It
is made up of four interrelated processes that occur in a cycle. Everything begins with a concrete

experience, in which a person performs something and lives through it. This is followed by

20



contemplation, in which they consider what happened and how they felt. The next step is
conceptualization, in which we attempt to comprehend why something occurred, connect it to
theory, and draw implications. The third step is active experimenting, in which we use what we've

learned to attempt again — this time more successfully.

This cycle assists youths in progressing beyond simply having an experience; through reflection
and application, information truly becomes their own. This methodology is especially useful for

STEAM activities since it mixes hands-on labor, critical thinking, and learning from mistakes.

Experiential learning can occur on a small scale - within a single session - or on a big scale - over
the course of a multi-month project or program. It's critical to move through each phase. The most
critical phase is reflection, which is required for a thorough comprehension. Reflection entails
allowing youth to communicate what they did and what they learnt using a variety of approaches,
including guided discussion, brief surveys, journaling, painting, and other types of creative

expression.

Without reflection, experience might become mere amusement rather than meaningful learning.
That is why it is critical to constantly give youth time and space to reflect on what they have

experienced.

Reflection helps youth learn, whereas evaluation teaches instructors how to better their work. In

effective STEAM activities, we use both.

Experiential learning is founded on the premise that youth learn via their own experiences, rather
than simply listening and reading. However, for that experience to become actual learning, it must
be linked to what they currently know and what they still need to learn. This is when the
significance of integration becomes apparent. Without integration, fresh insights may become
isolated and easily forgotten. With integration, each experience becomes part of a larger picture,
knowledge is better comprehended, and the learning process becomes more meaningful and long-
term. Integration brings multiple aspects of learning together to form a coherent whole, both

personal and educational.
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Table 1. Differences Between Reflection and Evaluation.

Element Reflection Evaluation
Assessment of Activity Success and
Purpose Increasing AwaTreness of | Attained Goals
Personal Learning and Feelings
Based on personal experiences On the quality of the activity and
Orientation i o )
and inner insights. learning outcomes.

For learning through reflection To improve future actions.
Participant (youth) Educator or whole group

Examples of Guided conversation, painting, Surveys, quizzes, group discussions,

Methods journaling, short sentences. and "keep/change" sections

What worked, what could be
Focus What I learnt, and how I felt .
improved?
Personal Growth and Improvements to the educational
Final goal
Development of Youth process

Source: Authors

Integrating Knowledge in Experiential Learning

In experiential learning, knowledge integration means that new experiences and insights are
connected to what the learner already knows rather than being separated. When a young child
encounters something, acts on it, and then reflects on it, the new experience becomes part of their
mental picture of the world. This means that existing knowledge gets broadened, refined, and
developed. Youth do not learn by memorizing, but rather by acquiring a deeper comprehension as
each new bit of information finds its place within their "knowledge network." As a result, learning

becomes more personalized and meaningful.

Integrating Activities into a Broader Educational Program
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Youth workers work in non-formal education, which is particularly conducive to experience
learning. Unlike traditional schooling, which has a curriculum, grades, and stringent rules, non-
formal workshops allow for more flexibility. We may play, experiment, and customize the content
to meet the needs of the group. The connections are more informal, and the educator is generally

a support figure—a facilitator, mentor, or teammate—rather than a lecturer.

In such an environment, youth are more likely to engage, be honest, take risks, and learn from their
failures. When people feel seen, heard, and respected, they are more likely to participate and gain
self-confidence. A significant component of this is the quality of the mentor-participant

connection. Trust and respect make it easier to build a learning environment.

Experiential learning in a non-formal setting is dependent on both methodologies and the
educator's approach. Empathy, active listening, and an openness to change make all the difference.

Youth learn not only from chores, but also from the relationships we foster with them.

Simulations, role-playing games, field projects, team challenges, debates, and skill workshops can
all be used while dealing with youth. After each task, we should do at least a brief reflection. Try

leading it with the following questions:

> What did we do?

> What went well?

> What would we change?
> What did we learn?

Even if the approach is easygoing, it is critical to clearly communicate to youth their role and what
is expected of them. If the exercise does not go as planned, we can modify it or pause to discuss
what we learned from the experience. Make sure that quieter participants have an opportunity to
reflect. Instead of providing solutions, we inquire and encourage youth to arrive to their own

conclusions.

4.1. Example activity: Hunting Scientific Myths

Goal: Promote awareness of common misconceptions and foster critical thinking.

Description: The facilitator prepares cards with various assertions, some accurate, some

misleading (for example, "Lightning never strikes the same place twice," "People use only 10% of
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their brain," "Antibiotics kill viruses," "Vitamin C prevents colds," and so on). Each participant
selects a card and is tasked with determining if the statement is a myth or a fact using experience
or research approaches. If possible, they can do an experiment (or a demonstration) or a brief

internet investigation (with instructions on how to discover credible sources).

Process: Participants work in pairs or small groups. After investigating their statement, each team
presents what they discovered. For example, a team may use a small demonstration to show that a
metal surface can attract a spark more than once (simulating lightning), or they may discover data

indicating that the Empire State Building has been struck hundreds of times.

Reflection: A discussion follows on why some misconceptions are common and how to check
such claims in the future. Each team writes their assertion in a table, labelling it as "MYTH" or
"FACT" and providing a brief explanation. The table can be photographed and distributed as a

consequence of the workshop.

Tools: Include printed cards containing claims for verification, tools for tiny experiments (such as
a battery, light bulb, and wires to show electricity), Internet connection for fact-checking, and paper

and markers for taking notes.

Time: Each phase takes about 60-90 minutes.

Tip: Select some entertaining myths that youth will enjoy testing. Also, prepare credible sources
(such as popular scientific publications) that they can consult if they are unable to obtain
information online.

This exercise combines experiential and inquiry-based learning: youth participate, each team has
a unique experience working on a distinct myth, and they learn from one another through
presentations. The last reflection serves to combine all of the ideas and connect them to the theme

of scientific literacy.

4.2. From Experiential Learning to Concrete Methodology

After delving into the fundamentals of experiential learning, it's time to focus on two approaches
that work particularly well with STEAM activities for youth: Design Thinking and Citizen Science.
Both strategies include youth as active participants, are designed to solve real-world problems, and
promote the integration of many types of knowledge and abilities. However, each has its own

distinct method and goals.

24



In the following chapter, we'll look at Design Thinking, an approach to problem solving that
promotes creativity, hands-on experience, and empathy. We will demonstrate how this process may
be utilised in youth work, beginning with identifying a problem in their community and progressing

to researching user needs before building and testing prototype solutions.
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5. DESIGN THINKING METHOD

In today's quickly changing world, full of uncertainties and global difficulties, youth require more
than simply academic knowledge. They must develop practical skills, resilience, and inner strength
in order to contribute to society and build their own future. The STEM method enables us to better
comprehend our surroundings, investigate how things work, and create tools to tackle real-world
challenges. STEM teaches youth how to observe, ask questions, experiment, and draw conclusions.
They employ these talents not only in school, but also in everyday life and when faced with future
obstacles. STEM teaches youth about natural principles, critical thinking, collaboration, and action,

all of which help them grow as individuals and members of their communities.

Design Thinking is a method of solving problems in a creative, empathic, and practical manner.
Although there are various models, five fundamental phases are widely utilized and can be altered

for working with youth.
Empathy (placing yourself in another person's shoes)

The first step is to understand who we are fixing the problem for. Youth investigate their needs,
emotions, and behaviors. They can accomplish this by surveys, interviews, observation, or personal
experience. It is critical to listen without judgment and consider the problem from another person's

perspective.
Problem Definition

Based on the facts gathered, the team creates a clear challenge. Instead than addressing a general
issue like "environmental pollution," they pose a specific question, such as, "How can we reduce
the use of single-use plastic in our neighborhood?" This ensures that the answer is both achievable

and measurable.
Idea Generation

During this era, we foster imagination. The purpose is to generate as many ideas as possible,
without criticism or limitations. Techniques such as brainstorming, drawing, and role-playing are

employed. It is critical to foster a safe environment in which all ideas are appreciated.
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Prototyping

We choose some of the ideas and transform them into practical forms. A prototype may be a small
model, a mock-up, a drawing, or a digital simulation. The goal is not perfection, but rather the

realization of the idea and its readiness for testing.
Testing

We show the prototype to others and gather feedback. We observe how individuals react, what
they enjoy, and what they find confusing. Based on the comments, we can go back to the previous

phases, refine the idea, and test it again.

Design Thinking inspires youth to collaborate, be innovative, and persistent. This method teaches
them how to handle problems, be alert, adaptable, and focused on actual human needs. The
iterative approach teaches youth that failure is not the end, but rather a step towards a better
solution. Each new prototype improves on the previous one since it is based on lessons learnt.

They learn to perceive mistakes as opportunities for progress rather than failures.

Design thinking fosters a culture of experimentation. Youth experiment, adapt, and try again.
Ideas do not need to be perfect from the start; what counts is that they evolve and adapt. In doing
so, we teach youth flexibility, perseverance, and creativity—all of which are necessary abilities for

life and work in an ever-changing world.

5.1. STEM as a venue for practical learning and the development of key skills

Experiential learning is important to the STEM approach, which consists of four stages: experience,
reflection, conceptualization, and application. Young youth participate in this process as active
explorers who observe, ask questions, experiment, and draw conclusions rather than passive

absorbers of knowledge. This method of working fosters:

e Develop critical thinking skills through problem-solving, hypothesis-forming, and data
analysis.

e Foster creativity and invention by seeking answers to novel situations.

e STEM projects promote teamwork and communication.

e Youths gain self-confidence via their own experiences, triumphs, and errors.
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Case study:

In a biology workshop, youths view various species of lichens under a microscope. They discover
that lichens are markers of air quality. They collect samples from their surroundings and use the
sorts of lichens discovered to generate a pollution map of their town. They combine scientific
knowledge (ecology) with a real-world social concern (pollution). The belief that they have
discovered something significant and useful provides them a sense of purpose and control over

reality.

Figure 6. Studying lichens

Air Polution a9

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

Such encounters stick with youth, shaping their attitudes toward science, their community, and

themselves.

5.2. Nature as a Teacher of Resilience in STEM Approaches

STEM is more than just a set of scientific disciplines; it is also a method of thinking that youth may
employ in their daily lives. Observing nature teaches us how the world deals with change, stress,

and problems. These processes can serve as effective analogies for youth's personal growth.

Physics and Balance
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Youth learn how to find their own inner balance in difficult times, just like forces in physics must

be balanced for a system to be stable.
Mathematics and Patterns

Mathematicians look for patterns. Youth may get a better awareness of themselves by seeing

patterns in their own emotions and behaviors.
Biology and Regeneration

Cells in the body constantly regenerate themselves, and plants adapt to situations; humans, too,

have the potential to recover and adapt when confronted with adversities.
Case study:

At a STEM camp, youth construct bridges using various materials. They learn that a bridge must
be able to withstand weight. Reflection transforms the bridge into a metaphor of resilience: just as
the bridge carries a load, humans acquire inner strength to withstand strain. This symbolism
encourages youth to become aware of their own coping methods and consider science as a tool for

personal development.

Figure 7. Creating bridges using various materials

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)
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5.3. STEM for Employment and the Future

The world is becoming more complex. Every day, new products, smart systems, robotics,
medications, and technology emerge, altering our way of life. STEM—science, technology,
engineering, and mathematics—is essential for understanding, applying, and even creating these

advancements.

STEM encourages us to think clearly, solve issues, and persevere when things get difficult. For
example, when we design a paper bridge and it collapses, we learn to ask questions like, "What can
we change?" How can we strengthen it? Scientists and engineers ask the same questions. This

method of thinking allows us to build vital abilities that are applicable to any job path.

The future will bring new jobs, such as robotics engineers, space explorers, game designers, and
app developers. Those who understand STEM have an advantage in finding exciting and
dependable jobs. Also, when we understand how things function, we don't have to rely on others

to solve difficulties; we can do it ourselves. We may even invent something valuable for others.

STEM is not limited to "those who are good at math." STEM is for everyone who is naturally
curious, enjoys asking questions, and learns from mistakes. If you enjoy art, singing, or acting, you
can incorporate those interests into STEM. Your skills can help you develop better solutions, offer
ideas, or build something new. STEM empowers us to understand the world, ask insightful

questions, and make things better.

1t all begins with a simple "why." Every scientist was once a child who posed this inquiry.

Case study:

At a community hackathon, youth create an app for sharing food that is approaching its expiration
date. This reduces waste and teaches youth how to code, collaborate, and recognize social issues.

STEM helps them acquire not simply knowledge, but also empathy and responsibility for others.
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Figure 8. Food sharing app
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Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

5.4. STEM: A Platform for Engagement and Civic Education

STEM is not something that occurs "somewhere else" and has no bearing on our daily lives. On
the contrary, it is a tool that allows us to better comprehend our surroundings and learn how to
enhance them. STEM activities allow youth to investigate real-world social and environmental
issues such as climate change, energy efficiency, and air pollution, while also encouraging them to
become engaged citizens. This approach helps youth develop scientific abilities as well as a sense
of responsibility, empathy, and a willingness to act. They learn that knowledge is not an end in

itself, but rather a tool for effecting change.
Case study:

Young folks put noise sensors throughout their area. After gathering the data, they assess the results
and propose planting green barriers to reduce noise. They propose a solution to the local
government. This activity blends scientific methods (measurement, analysis, and conclusion) with
civic engagement. Youth learn that they have a voice—and that they can use it to create meaningful

change in their community.
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Figure 9. Installing noise monitors in the neighbourhood
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Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

5.5. STEM: A Growth Mindset Philosophy

STEM is a method of looking at the world that values openness, curiosity, and connection. This
technique encourages us to study nature, look for patterns, ask questions, and experiment with
answers. This approach helps youth develop skills for their future occupations while also instilling

personal traits like patience, tenacity, critical thinking, and confidence in their abilities.

STEM teaches youth to learn from their mistakes, to not be afraid of failure, and to think that hard
work is rewarding. With this approach, they lay the groundwork not only for academic success but

also for personal development.

STEM-based youth employment can serve as an effective bridge between personal development
and societal responsibility. Such activities teach youth that information is useful not only in school,
but also in everyday life. They see how their curiosity can lead to action, and how their ideas may
result in changes that benefit both people and the environment. STEM takes us from information

to comprehension, skills to wisdom, and the individual to the community.
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5.6. Youth Sustainable Transportation Project Through the Phases of the Design Thinking
Method

This example demonstrates how the Design Thinking technique may be utilized to create a solution
that addresses the real needs of youth. Going through the five steps of the process, a group of youths

came up with the concept of a ride-sharing app for youths, complete with a rewards system.
Empathy

The youths conducted interviews with 15 peers to learn about their transportation patterns. They
discovered that many people wanted to ride bicycles but were afraid of theft because there was no

secure parking. Some people already carpool, but it's informal and without support.
Problem Definition

They clearly stated the issue as: "The lack of infrastructure and platforms prevents youths in our
city from practicing more sustainable transportation (biking, carpooling)." They decided to focus

on carpooling.
Idea Generation

They came up with various suggestions, including organizing group bike rides, developing a youth-
only app for ride arrangements, implementing a reward system for carpooling, and launching a
promotional campaign. They chose a combination of the app and the point system as the most

promising solution.
Prototyping

They developed a prototype of the app that included a youth email login (for security), a map of

available trips, driver profiles with ratings, and an eco-saving points system.
Testing

They demonstrated the prototype to five peers. Feedback included praise for the app's safety
features as well as requests for improvements such as a return trip option and the ability to trade
points for rewards. The team took this criticism into account and proposed collaborating with the

youth cafeteria to distribute rewards.
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Result

The demo software was delivered to the university administration, who applauded the project. The

project is currently being developed in collaboration with the IT department.

This example demonstrates how Design Thinking leads youth from problem to solution, alternating
between the large picture and practical application. The youths learned the value of listening to

people and how to transform a concept into a practical solution.

Figure 10. Development of the Youth Sustainable Transportation Project App

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

5.7. Design Thinking metodom Tips for Implementing Activities with the Design Thinking
Method

Design Thinking may be an effective and important approach when dealing with youth, but how

we implement it is critical.
Create an open environment

Encourage an environment in which youth feel comfortable expressing their thoughts. During the
idea generation phase, underline that there are no negative ideas and that other people's proposals

should not be criticized—every notion is valuable.
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Use visual aids

Drawing, using sticky notes, stacking LEGO bricks, or working with colors often help youth think

more clearly. Visualization makes ideas more concrete and easier for the group to comprehend.
Connect activities with the actual world

Assign assignments that make sense and are relevant to their lives. For example, "How can we help
someone with low vision in our town?" is a challenge people can identify with and one that has a

meaningful impact.
Introduce time limits

Creativity may blossom under time limits. Give the group the task of coming up with as many ideas

as possible in 5 minutes—this helps them stay focused, rapid, and free in their thinking.
Provide feedback

Teach youth that feedback is an opportunity for growth rather than a form of censure. Allow them
to obtain feedback from peers, mentors, and future users. Show them how to listen actively and

enhance their solution based on what they hear.
Celebrate your efforts

Every step is worthy of celebration. Recognize ingenuity, effort, and desire to contribute, regardless
matter how flawless the solution is. This boosts their confidence and motivation for upcoming

tasks.

Design Thinking is more than just a technique for one session. If it becomes a method of working
and thinking that can be transferred to other tasks, the advantages are numerous—and it will help

both you as an educator and the youths you teach.

5.7.1. Study case: Money Bags

In the "Money Bags" project, a group of youth were tasked with developing a wallet or cardholder
for a certain target user (for example, a runner who requires a lightweight and secure wallet). They

built a prototype out of paper, cloth, and glue before demonstrating how their innovation works.
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This activity taught them how to apply Design Thinking to tackle real practical, everyday problems

while considering the future user's perspective.

Figure 11. Designing a wallet for an athlete
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Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

5.8. What Does a Workshop Leader/Educator Do?

Implementing Design Thinking with youth can be difficult since it requires numerous phases,
variations in pace, and teamwork. To guarantee that the process is effective and that participants

remain motivated, several guidelines must be followed:
Prepare the situation

Even though DT is creative, it requires a definite plan. Determine how much time you'll spend on
each phase and what approaches you'll employ. Keep track of time and ensure that empathy does
not take up the majority of the workshop. If the group becomes stuck, gently encourage them to go

forward.
Visual support

Encourage youth to convey their thoughts visually through posters, drawings, sticky notes, and
whiteboards. The more sketches and notes that are displayed, the easier it is to track concept

growth. This simulates working on a real project.
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Tools and Materials

Prepare a range of items, including paper, scissors, glue, LEGO, boxes, fabrics, and computer tools.
Anything that helps bring ideas to fruition. Use templates (e.g., personas, brainstorming grids) to

help focus your efforts.
Encourage alternative thinking

During the ideation phase, ensure that no one critiques others' ideas. Use the "Yes, and..." rule to
build on, not discard. If youth are stuck, start a game like "What Would Batman Do?" or "What

Would Your Grandmother Say?" This encourages creativity and brings up new possibilities.
Micro-iterations

Teach the importance of iteration, even within the same workshop. For instance, "Now imagine a
completely different solution!" Alternatively, "Prototype two different ideas and test them against

each other." This breaks the obsession and creates new options.
Realism versus dreaming

Be open to all suggestions in the beginning. Later, gently ground them by asking questions such,
"Who would pay for that?", "Would older people use it?", and "Do we have that technology?" This

helps to balance imagination with reality.
Team members' roles

Make sure everyone participates. Assign the following roles: interview lead, prototype designer,
timekeeper, and note taker. Rotate duties for multi-day tasks. This guarantees that everyone is

engaged and practicing various skills.
Documenting the process

Take photos of each phase, make notes, and record the prototype in action. Finally, develop a
"design journey wall" featuring field images, sketches, and prototypes. This gives a sense of

accomplishment and improves reflection.

These suggestions help to make Design Thinking an organized yet enjoyable experience for youth,

providing opportunities for learning, creativity, and teamwork.
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6. CITIZEN SCIENCE METHOD

Citizen science is when ordinary people—individuals, families, and entire communities—help with
scientific study. They gather data, observe nature, and evaluate information. Youth are no longer
just youths; they become members of a scientific team. Examples are all around us. Some people
count migratory birds, while others monitor air quality or explore the universe online. In our local
environment, we may monitor river purity and the growth of non-native flora. Mobile phones and
apps allow youth to contribute data to scientists instantaneously. They can participate in online

projects that help tackle real-world problems.

Why employ citizen science while engaging with youth? Because it gives them the impression that
they are doing something worthwhile. Their contribution serves a purpose and promotes legitimate
research. While assisting, youth gain hands-on experience in science, whether it is astronomy,
ecology, medicine, or another field. Well-designed projects can help youth understand science
more effectively than traditional schooling. They are ecstatic because they work with genuine facts

and challenges, not made-up scenarios.

Citizen science promotes collaboration. Youth consider themselves as part of a larger group
working together to address critical concerns. On the Zooniverse platform, for example, almost 2.5
million users provide weekly support to scientists. Through these initiatives, youth learn to watch
carefully, take notes, and discern relevant and irrelevant information. They learn how scientists
examine data and reach conclusions. They also recognize that science is not always straightforward
results can be complex, and data can be imprecise. They do, however, understand the value of big

samples and repetition, as well as critical thinking skills.

6.1. How to Engage Youth in Citizen Science

First, we must identify a project that will attract our young participants. If youth enjoy nature, they
can count butterflies, watch birds, or collect insects in the forest. If they prefer technology, they

can examine space photos, check old ship logs, or play science-themed games like Foldit.

Once you've decided on projects, present the big picture. Youth must understand who is running
the project and why. They will be more engaged if they grasp the reason for their activities. That

way, they understand that they are a part of something bigger. Each project has certain standards
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for data collection. Go over what you need to do with them, such as identifying birds, testing water

quality, or using applications. Begin with practice, then go on to actual data collection.

Always make sure that everyone has everything they need—magnifying glass, jars, a smartphone
with the software, and internet access. If you plan to go outside, think about safety. If they are
online, keep their information private. Throughout the assignment, provide help by ensuring that
they are doing things correctly, answering questions, and encouraging them not to give up. If they

don't grasp something, make notes and email inquiries to the scientists.

When the project phase is completed, discuss what they gathered. Are there any intriguing patterns?
Can they compare their data to the worldwide results? This allows youth to better comprehend how
scientists reach findings. It's critical that people appreciate the significance of their contribution.
Demonstrate that they are a part of vital study. Some projects provide certificates or public thanks.

If not, you can make your own certificates and present them to the youth.

Figure 12. Measuring Light Pollution

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)
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Case study:

A group of youth from your city can participate in a project to measure light pollution. They
employ modest gadgets or mobile apps in collaboration with a local astronomy association. They
have been measuring the brightness of the sky in several locations every night for several weeks.
They enter their information into a global database. This manner, youth learn about light pollution
and how it impacts the environment and human health. They are ecstatic when they see their data
as part of a vast world map. They feel significant since they are benefiting their neighborhood and
the environment. Citizen science brings together scientists and citizens. Youth act as a bridge in
this relationship because they understand technology, have a lot of questions, and want to get

involved.

6.2. Platforms and Tools for Citizen Science

Citizen science naturally compliments design thinking. Design Thinking solves problems, whereas
citizen science explores the real world to better understand those problems and make data-driven

decisions.

Table 2. Recommended Tools and Platforms for Citizen Science

Tool/Platform Description

iNaturalist Observing plants and animals—youth picture species and upload
them to the platform, where they are assisted with identification.

Zooniverse A portal that hosts initiatives in biology, astronomy, and history.
Youth contribute to the classification of data, like as stars or ancient
texts.

Plume Labs An app allows for real-time tracking of air pollution. Suitable for

environmental tasks.

AirVisual Another air quality software allows sensor connectivity and map
development.
SciStarter A network of citizen scientific initiatives can be sorted by interests,

age, and language.

Google Forms Data will be collected utilizing simple questionnaires.
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Creating

customized sensors

Youth, for example, can use Arduino or Micro:bit devices to create
their own instruments for measuring temperature, sound, humidity,

and other parameters.

Source: Authors
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7. IMPLEMENTING STEM WORKSHOPS WITH YOUTH

Leading STEM courses with youth aged 18 to 30 needs thorough preparation and the flexibility to
adapt to the group. When a workshop is well-facilitated, youths can learn important skills in
science, technology, engineering, and mathematics. They also encourage collaboration and
creativity. That's why it's critical to understand how to plan and lead a workshop, manage group

dynamics, and encourage everyone to engage.

7.1. The facilitator's role and methods

The facilitator of a STEM workshop serves largely as a guide, a "guide from the side" who
promotes conversation and conducts activities rather than presenting a standard lecture. The
facilitator contributes to the learning process by asking questions, fostering dialogue, and

motivating participants to explore independently rather than providing answers right away.

At the outset, clarify the workshop's purpose and which skills or ideas will be taught. For example,
if the goal is to master the fundamentals of programming a robot, this should be expressed clearly
so that participants understand what to expect. Clearly defined objectives help to keep the group

focused and newbies to the issue from becoming overwhelmed.

During hands-on experiments or projects, the facilitator gives step-by-step directions, shows or
explains the first step if needed, and then lets the youngsters explore and try out answers on their
own. It is critical to provide individuals time and space to gain insights at their own speed through

trial and error - STEM learning frequently occurs through this type of experimenting.

Instead of solving the problem for them, the facilitator travels around the groups, observes their
work, and gives leading questions (e.g., "What do you think is happening here?" or "What's the
next step?") to assist them when they get stuck. This technique enables youth to find answers for

themselves, boosting their understanding and confidence.

A competent facilitator maintains a neutral stance and is open to participants' views. Instead than
enforcing the "correct" solution, they promote alternative ways to issue solving. If a team makes
a mistake during an experiment, the facilitator treats it as a learning opportunity, asking follow-up

questions to help the team recognize and rectify the error on their own.
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The facilitator also keeps track of the activity's pace: if a group is falling behind, they assist them
in reorganizing (for example, by reminding them of the remaining time), and if they complete

quickly, the facilitator can provide an additional challenge to keep them involved.

The commencement of a workshop is crucial. This is when we create a positive environment and
agree on how we will collaborate. It's preferable to begin with a brief exercise or an icebreaker
game to help everyone relax and get to know one another. Icebreakers let youth feel at ease, discuss
their expectations, and start collaborating straight away. For example, you may play a game in
which teams compete to build the highest spaghetti and marshmallow tower. These games enhance

communication and teamwork.

After the game, it's time to establish the ground rules. The best approach is to let the group to
define the rules themselves, during a brief conversation in which everyone expresses what they
believe is vital for successful cooperation. When everyone is involved in establishing the rules,
people feel like they have a say and a sense of responsibility for the environment. The rules could
include: listening to one another, everyone participating, asking questions without fear, adhering
to time limitations, not using phones excessively, and being conscious of safety. The facilitator
should confirm and highlight these guidelines (for example, on a poster) to ensure that everyone
remembers what was agreed upon. This contributes to a safe and supportive environment for

learning and working.

7.2. Facilitating activities and managing group dynamics at the workshop

The facilitator carefully watches what is going on in the group and adjusts to the situation. While
teams are working, the facilitator wanders around and ensures that everyone is involved. If
someone is quiet or uninterested, they can be encouraged with a question such as "What do you
think?" If someone is taking charge and solving everything on their own, the facilitator can offer,
"How about we hear a few more ideas?" The goal is for everyone to participate, and no one to be

excluded.

The facilitator promotes teamwork and recognizes effort ("Great collaboration!"). If there is a
disagreement, they remind the group of the guidelines and assist them communicate peacefully. If
the stress rises, they may propose a quick break or a problem-solving game. If they detect that

everyone is tired or losing focus, they start a fast energizer game. The facilitator also assists groups
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in keeping track of time; there can be a designated "timekeeper" or the facilitator can issue time

reminders.

Halfway through the workshop, teams can showcase their work so far. This enables them to learn
from one another. The facilitator prompts thought with questions such as, "What have you tried
already?", "Why do you think this works?", and "What other options did you consider?" In this
way, the facilitator fosters a supportive environment in which everyone may learn, contribute, and

develop ideas.

7.3. Encouraging creativity and collaboration in STEM tasks

STEM workshops provide excellent opportunities for youth to develop their imagination and
collaborative skills. To achieve this, projects should be designed to promote critical thinking and

collaborative problem solving.

Give youth an assignment with multiple solutions. Like the following: "Build a bridge from these
materials that can hold as much weight as possible." Provide basic rules, but allow each group to
develop its own approach. These projects encourage creativity and critical thinking by allowing

teams to explore what works and what doesn't.

Show youth that teamwork is essential for success. Remind them that scientists and engineers
typically collaborate in teams. Encourage them to distribute roles on the team so that everyone
may contribute. You can also arrange for short "consultations" in which one team visits another

and gives each other advise. This teaches us to assist each other rather than compete.

Encourage teams to share their thoughts at the start of the work. No insulting or rapidly dismissing
someone else's suggestion. When many suggestions are merged, good ideas are frequently
generated. The facilitator can provide an engaging real-world example to stimulate their thoughts.
Emphasize that more minds think better. When a team collaborates on a solution, ideas accumulate

and a "spark" occurs. Youth learn to listen, exchange ideas, and collaborate.

The facilitator should highlight these instances: "I see you've combined two ideas — that's a great
example of team creativity!" This promotes group togetherness and teaches everyone how to work

together to discover the best answer.
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7.3.1. Team member roles

When each team member has a specific position, it is easier to collaborate and keep organized. A
team of three to six persons can distribute responsibilities based on their interests and strengths,
with positions such as team leader, note-taker, spokesperson, timekeeper, logistics coordinator, and

quality checker.

Roles can remain the same throughout the workshop, or they can rotate, allowing everyone to try
new things. Roles assist guarantee that all areas of teamwork are addressed, but members should
continue to collaborate and support one another. The idea is for everyone to participate, not just
"their part." The team duties are depicted as a map below to make them easier to recall and

understand.

Figure 13. Example of team roles

Team Moderator Note-taker Presenter

Ensures that everyone has an Writes down observations, choices, Outlines the team's work and what they
opportunity to speak, steers the experiment outcomes, and discovered. Can benefit from the nole-’
discussion, and keeps the group focused. recommendations. Aids in the team's taker's records.

pays close attention and adheres to the memory retention.
plan.

Checker

Timekeeper Logistics Coordinator

Monitors time and reminds the group of Takes care of supplies and machinery. "Do we all understand this?" the team is

due dates. If necessary, suggests moving Distributes them, makes sure everything asked. Ensures agreement and helps

on. gets returned, and verifies that they are
being used properly.

prevent misunderstandings.

Source: Authors
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7.3.2. Common challenges and solutions to overcome them

Running STEM programs with youths does not always go as planned — and that is perfectly fine.
Obstacles may develop in any group, slowing or complicating the learning process. Rather of being

disheartened, it is critical to identify issues early on and have tools available to solve them.

This section describes the most common difficulties that facilitators may experience during
workshops, as well as practical solutions for dealing with them. The key is flexibility, thorough
observation of the group, and a willingness to modify the approach so that all participants may

successfully engage and learn.

7.3.2.1. Participants' expertise and experience vary

Various obstacles may develop while doing STEM seminars with youths. One of the most common
characteristics is the individuals' diverse expertise and experience. In the same session, there may
be youth who have long been interested in programming, robotics, or science, as well as those who
are experiencing it for the first time. As a result, some may believe that the activity is excessively

challenging, while others may find it too simple and monotonous.

To avoid such problems, determine (informally) at the start of the session how much experience
the attendees have. You can ask simple questions ("Who has programmed before?" and "Who has
ever built a robot?"). or assign a short introductory task to determine the group's level. When we
know who understands what, we may purposely combine teams, assigning someone with more
experience and someone who is new to each. This facilitates peer learning. More advanced
participants communicate things to others, which helps them grasp more clearly. Beginners feel

more safe since they are supported by the team.

We can design multi-level projects so that all teams receive the same fundamental assignment (e.g.,
create a functioning model), but those who finish it fast are given further challenges (e.g., "Upgrade
the robot to follow a line" or "Add another function"). For individuals who are having difficulty,
provide easy guidelines, explanations of essential concepts, photos, or video tutorials. The

facilitator and assistants can spend more time with those who require further assistance.
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The idea is to strike a balance so that novices do not give up because it is too difficult, but advanced
players do not become bored. Everyone should feel like they're learning something new and

helping their team.

7.3.2.2. Low motivation or interest

Some youth may attend a session only because they "have to" or because they were not initially
interested in the subject. In these instances, it is critical to inspire them appropriately. Explain
how what they are learning is used in real life — for example, "What we're doing today is used in

the phones you use every day," or "This skill can help you solve a real problem in your community."

Concentrate on hands-on work rather than theory. Youth love being able to make, test, or repair
something themselves. When they see the outcome of their own efforts, they are proud and
motivated to continue. Allow for mistakes during the activity. Making mistakes is a normal part
of the process. When something does not work at first but then works after some effort, it is a

powerful motivator.

You can also present them with a challenge or a riddle, such as "Can you figure out a way to...?"
When the task piques their interest, they are more inclined to participate. Giving them praise will
keep them motivated and engaged. Highlight what went well, even if the answer was not ideal.

This makes them feel like they're making progress.

If it suits the group, you can also hold mini competitions, such as who can construct the most
efficient model or solution. However, be sure that the main purpose is to have fun while learning,
not to win. When youth discover that studying makes sense and that they are succeeding,

motivation rises organically.

7.3.2.3. Ineffective communication and teamwork

If your youth are not used to working together, there may be silence, misunderstandings, or poor
collaboration within the group. Include conversation and cooperation-promoting exercises at the
start of the workshop. For example, consider a task in which each participant is given a piece of
knowledge and must communicate with one another in order to solve it. Agree with the group on
the importance of actively listening, respecting others' perspectives, and providing constructive

comments. Write out the rules and keep them visible throughout the workshop.
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Make it a rule that at the end of each assignment, every team member must say something about
what they worked on. This encourages knowledge sharing and team communication. If you notice
the group is having trouble organizing, propose a simple structure: 5 minutes for ideas
(brainstorming), then selecting the best concept and planning, followed by task distribution.
Assigning positions such as team leader or checker can be beneficial; one person leads the

conversation, while another checks that everyone understands the work.

If a quarrel arises, act swiftly. If someone insults or ignores others, sit down with the team and
make it plain that such behavior is unacceptable. Use the conflict as an opportunity to discuss
cooperation, including how diverse working styles may collaborate and reach an agreement.
Communication may be learned and improved. With your help, youngsters will develop stronger

team bonds.

7.3.2.4. Working with small and large groups

The number of attendees in the workshop influences how you lead the activities. You must adjust
your approaches and organization based on whether you have a small group (e.g., 5 to 10 youth)
or a large group (more than 20 participants). The size of the group dictates how much space is
required, how much time is available for discussion, what kind of tasks are appropriate, and how

much additional help is required.
Smaller groups

There are advantages to leading a workshop with a smaller number of youngsters. You can work
more one-on-one and adjust more effectively to group situations. If you have a small group (e.g.,
four people), you can have them work as a team. You then join in to assist and steer the discussion

but be careful not to take over the leadership; let others make the decisions.

If there are 8 to 10 people, divide them into two groups. Each team will have fewer individuals,

so there may be less unique ideas, but everyone will have greater freedom to express themselves.

Smaller groups allow more time for conversation. Everyone may express their thoughts and
receive criticism, and it is easy to change the pace. You can accelerate if you notice they

comprehend well, or wait and clarify if necessary.
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A lack of enthusiasm or ideas might be a problem while working in small groups. To maintain
high involvement, incorporate a range of activities, such as an experiment, a short debate, a hands-
on task, a quiz, and so on. Take advantage of the fact that smaller groups enable deeper work and

a more personal approach.
Larger groups

When dealing with a large group of teenagers, it is critical to have a clear framework and plan. The
goal is to ensure that everyone may participate while keeping order and organization. You should
usually always break a larger group into smaller teams, with 3 to 5 persons per team. This
facilitates teamwork and allows everyone to get involved. Your role is to thoroughly explain the
assignment to everyone, then go around the teams and assist as needed. If you have assistance,
assign them to specific groups or activities. Decide on a signal for stopping work (e.g., a raised

hand, a clap) so that you can deliver new directions or complete the activity without shouting.

Make sure you have enough equipment for everyone. If not, organize the task into "stations" so
that teams can take turns. In a huge group, there isn't time for everyone to speak individually.
Have each team present its solution. You can create a "project fair" where teams can show off their
work, wander around to see what others are working on, and ask questions. To hold participants'
attention, include a game aspect, such as a team competition or a group challenge in which each
team contributes a portion of the solution. When addressing participants, talk loudly, use gestures,

write on a board, or, if available, utilize a projector to ensure that everyone can see and hear you.

Note: Please prepare the workshop in advance and thoroughly. Improvising in front of a large
gathering may easily go awry. If everything is properly prepared, a huge group may be a fantastic

source of energy and various ideas; all you have to do is direct them.

7.3.3. Leading the contemplation and workshop conclusion

At the end of the workshop, it is critical to schedule time for group reflection so that participants
can reflect on what they did, learnt, and experienced. Reflection allows youth to notice their growth
and feel proud of the effort they put in. The following ideas/guidelines are intended to facilitate

reflection.

Team presentations
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Allow each team to present what they created and the problems they faced. This is a great
opportunity to practice your presenting abilities and share unique ideas. Others can ask questions

and provide good feedback.
Questions for discussion

Following the presentations, ask the group a few questions to spark debate. If you're having trouble

coming up with your own, try these:

e How did you distribute work in your team?
e Did everyone have an opportunity to voice their ideas?

e What would you do differently next time?

These questions urge youth to think about teamwork, communication, creativity, and problem-

solving.
Written or visual reflection

Give each participant a little piece of paper to write one item they learnt and one thing they still
want to know. Then they can stick them on a poster. This manner, even the quietest ones have the

opportunity to express themselves. You can also solicit comments using a brief survey.

After conducting the reflection, conclude the workshop. Praise the participants and highlight what
they learnt about STEM topics and collaboration. Demonstrate how this information is applied in
the actual world, particularly in science, technology, and industry. Finally, thank everyone for their
participation and encourage them to continue researching STEM issues. You can provide extra
materials or invite them to the next workshop. A happy conclusion and thoughtful reflection will

enable youth leave the workshop satisfied, full of ideas, and eager to learn more.

50



8. CONDUCTING EXPERIMENTS

When performing experiments with youth, it is critical that they are safe, well-designed, and simple
to grasp. There is no need for expensive equipment; intriguing and helpful experiments can be

carried out with inexpensive materials.

8.1. How to Prepare and Conduct an Experiment

Leading experiments with youth in an informal context provides a unique opportunity to bring
science to life—both concretely and personally. Instead of simply listening to theory, participants

conduct real-world research, think critically, experiment, make mistakes, and try again.

It all begins with asking questions. When you encourage youth to come up with their own
questions, you often get entertaining answers like, "Can we measure whether chocolate melts melt
faster in the sun or in a pocket?" or "Which drink gives you the most energy the fastest?" These

questions serve as the experiment's starting point.

Once they've decided what they want to find out, lead them naturally to the next step: developing
a hypothesis. Allow them to make their own predictions, such as believing that aluminum would
keep things cooler than plastic or that completing a task while listening to music will be faster.
Help them comprehend that a hypothesis is more than just a guess; it is the foundation of scientific

thinking.

Plan the experiment's testing strategy together. Which conditions will change, and how will they
be measured? Help them think about variables and ensure the experiment is fair by changing only
one component while keeping everything else constant. This is frequently their first exposure with

the concept of "controlled conditions," and even if they don't use the term, they'll get the point.

After planning, go over their requirements. When youths find that most supplies are readily
available—in a classroom, kitchen, or backpack—their excitement grows. They frequently devise

novel solutions: a jar becomes a measuring cup, and a wristwatch replaces a stopwatch.

At this stage, constantly discuss safety. Before beginning anything, go over fundamental safety
rules—what youth can and cannot do, how to protect themselves, and what to do if something goes

wrong. This type of talk promotes both safety knowledge and a sense of responsibility.
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When the experiment begins, encourage the young volunteers to assume responsibilities for
themselves. One person can measure time, another can take notes, and a third can conduct the
experiment. You'll watch their reactions when they first notice a change, such as a color shift in the
solution, a dip in temperature, or an unexpected reaction. The thrill of discovering something on

their own becomes a primary motive and motivator.

As they work, assist them by asking follow-up questions and directing them if they get off topic,

but allow them to take the initiative.

Instruct them to record all results, both expected and unexpected. Some will quickly realize that
they forgot to record the initial temperature. Some will write comprehensive words, while others
will draw tables. They may take photographs of the experiment or make observations on the scent,

color, or sensation of anything.

When the experiment is finished, sit down with them and discuss the results. Allow them to build
graphs, compare statistics to their projections, and explain why the results came out the way they
did. They may realize that their hypothesis was incorrect. If this happens, tell them that science is

about understanding rather than obtaining the "right" answer.

Discuss with them what they could do differently the next time—better equipment, more

repetitions, other conditions.

Always allow them to present what they did to each other at the end. They can create a poster,
shoot a video, or utilize another means to demonstrate what they have learned and discovered. As
the facilitator, acknowledge their efforts and connect their experience to the actual world—help
them understand that they utilized the same approaches scientists and engineers do in genuine

research.

If the experiment fails—if the equipment fails or the data is ambiguous—encourage them to
investigate what went wrong, how to improve it, and what to attempt again. The goal is to teach
youth not only science, but also perseverance, patience, resilience, and other life skills that they

will need every day.
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8.2. Case study: The Reflex and Reaction Time Experiment

One of the easiest methods to demonstrate to youth what a true scientific experiment looks like is
to administer a simple reflex and response time test. Have one person extend their hand, thumb and
index finger a few centimeters apart. Another individual holds a ruler just over the gap before
dropping it. The first individual attempts to catch the ruler as quickly as possible. Checking the

mark where the ruler was caught—it demonstrates how swiftly they reacted.

It would be fascinating to replicate the experiment under different settings. For example, have the
catcher close their eyes as someone else shouts "now!" or have them complete a chore beforehand
to reduce their focus. This raises awareness of how varied situations affect reaction time. Young
youths learn how to design an experiment by changing only one component while keeping
everything else constant, measuring something concrete, and drawing conclusions based on the

findings.

This exercise does not require any additional equipment and is enjoyable. Young youth frequently
attempt to break the record for the fastest catch; they laugh, compete, and learn how science works.
These experiments can be led by facilitators who are not professionals. It's critical to know what
you want to demonstrate, to follow basic directions, and to be willing to learn together. Frequently,

you and the youth will gain fresh insights or interpret outcomes in different ways.

These exercises assist young individuals gain confidence in their talents. They learn how to
observe, measure, and form conclusions. They appear to be legitimate researchers. They also learn
that mistakes are normal, that information develops gradually, and that scientific thinking entails

ongoing questioning and development.

After they've experienced what it's like to be "young scientists," expect inquiries like "What's
next?" In the following portion of the guide, we'll explain how to develop this initial interest in

extended tasks that increase knowledge and keep curiosity alive.
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9. WHAT IS NEXT? — CREATING NEW ACTIVITIES

After a succession of successful workshops, experiments, and smaller projects, the obvious
question arises: what next? If your young participants have become curious and enthusiastic, don't
stop there. Use this momentum to propel them deeper into the realms of science, technology, and

exploration.

First, involve them in the planning of the next stages. Try a group brainstorming session and ask
them what they want to accomplish next. Perhaps someone might like to use STEM knowledge to
create a scientific documentary, organize an exhibition, or develop a school garden. When you
offer people a say in defining the activities, they feel like the project belongs to them, which

increases their involvement.

If you've only "scratched the surface" of a topic, it's time to dig further. Did you perform simple
chemistry experiments? Next time, try examining crystals under a microscope or visiting a
laboratory. If you made basic models, consider building bridges, launching balloons, or starting a

chain reaction next week. Any notion can develop into a more complex challenge.

You can also start a larger, longer-term project that will span several weeks or months. For
example, a group could design and build a prototype to solve a real-world problem, such as how to
reduce school trash, shorten the commute to school, or improve shelter conditions for pets. Define

the problem, conduct research, plan, create, and test as a genuine project team.

This technique teaches youth about time management, role division, overcoming challenges, and

teamwork.

Encourage them to interact with others by organizing participation in a competition, scientific fair,
or maker festival. There are several options, both locally and abroad. Preparing for such an event
is stimulating, and meeting others with similar interests broadens their horizons. Even if they do

not win a prize, the experience and exchange of ideas are extremely beneficial.

Collaboration with professionals might enhance your activity. Connect with colleges, innovation
centers, and businesses. Invite specialists to speak, arrange lab visits, or have a team mentored by

a professional or scientist. Request that scientists and engineers volunteer occasionally in your
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organization. These meetings are often very inspiring for youth and beneficial to you as additional

support.

Utilize internet resources as well. Networks such as Scientix, Science on Stage Europe, and
numerous educator communities provide free materials, ideas, and support. Join these communities

to find more resources for your job.

To keep projects fresh, incorporate new activities such as a brief field trip, a scientific movie night,
a balloon challenge, outside measurements, and so on. These activities lighten the mood and bring

new inspiration. They can also serve as a foundation for subsequent developments.

If you invest time and effort, youth can develop from interested novices to independent k
leaders of future generations. That is the best indication that your program has been
successful and sustainable. You've built an environment in which curiosity thrives,

knowledge is exchanged, and ideas become reality.

In the next section, we will discuss the various risks and obstacles associated with leading STEAM

activities, including how to identify them early on and successfully handle them.

9.1. How to Reduce Risks During STEAM Activities?

Throughout this book, we've highlighted the benefits of STEAM activities, such as creativity,
discovery, teamwork, and play-based learning. However, it is crucial to note that these activities
can also present obstacles. Problems, misunderstandings, or unanticipated circumstances may

emerge, necessitating swift adjustments.

If you are aware of these hazards ahead of time and prepare thoroughly, your workshops will be
safer, more effective, and more enjoyable—for both you as facilitators and all of the youth

involved. In this part, we explain what to look out for and how to deal with potential issues.

9.1.1. Physical Safety

In hands-on activities, there is always a risk of injury. Someone might get burned, cut, spill a liquid,

or trip over equipment. That’s why the best protection is good preparation. Before the activity,
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check the space—remove any obstacles and ensure there is enough room for everyone to move

safely.

At the start, clearly explain the safety rules. For example: no running in the lab, no touching
chemicals with bare hands, and make sure cables aren’t lying around where someone could trip. If
there’s even a small chance that some equipment could be dangerous, use protective gear (goggles,

gloves). It’s better to be overly cautious than to take risks.

During the activity, stay alert—especially during the more dangerous parts, like when using fire,
sharp objects, or electrical tools. If you’re unsure how to use something or if the experiment
requires special knowledge, consult someone experienced in advance. Most simple experiments
and tasks can be done safely with basic rules and good preparation. This ensures everyone learns

in a safe and enjoyable environment.

9.1.2. Incorrect Information and Misconceptions

If we are not attentive about how we conduct activities, youth may form wrong judgments. For
example, if an experiment is badly designed, they may believe something is true just because it
occurred by accident. This is known as a spurious correlation. Furthermore, the internet is full of
half-truths and myths. Young youth who lack critical thinking skills are more likely to believe false

information.

It is not enough to just tell them what is true; research shows that correcting disinformation does

not always result in the removal of false beliefs.

That is why it is critical to leave time after each exercise for discussion. Ask them what they saw,
what they believe happened, and why. If you find any inaccuracies, correct them and explain why
they are correct or incorrect. Teach youths to identify credible sources and how to fact-check. If
they continue to believe in a misconception, don't give up. Prepare an additional activity, film, or
experiment to assist people shift their perspective. continuous myths necessitate continuous

training.

9.1.3. Potential Exclusivity

Some youth may feel excluded or undervalued if they are not included in the appropriate way. For

example, in a team, a louder participant may take over all work, leaving quieter ones out. It is also
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true that girls are less apparent in groups with many boys, particularly when utilizing equipment.
Young individuals with special needs may confront challenges if activities are not tailored to their

requirements.

That is why it is critical to intentionally design for inclusivity. Form mixed teams, and rotate duties
on a regular basis. Everyone should have the opportunity to lead the team, take notes, provide a
solution, and operate equipment. Observe how the teams behave. If you observe that someone isn't

participating, find a way to motivate them and provide them a role in which they can shine.

Work to shatter gender stereotypes by encouraging girls to take on technical duties and boys to
participate in artistic or communication-based activities. Everyone, regardless of gender, ability, or
background, should be included in all activities. Many European projects prioritize inclusion.
Communities that invest in equality have been found to build stronger, more successful, and

happier communities.
Make inclusivity a priority, too.

9.1.4. Technical and Digital Risks

When using digital technologies, technical issues may arise, such as computer freezing, the internet
going down, or data being deleted. There is also a possibility that young youth will encounter

unsuitable content or be approached by strangers online.

That is why it is critical to be well-prepared. Before starting the exercise, test all of your equipment

and software. Do you have a back-up plan? For example, print instructions in case the internet fails.

Set explicit rules about which websites are permitted, how to conduct online communication, and
what is not acceptable. If you intend to post work online, respect youth's privacy by not sharing

personal information and only using images with their permission.

When working with digital technologies, use this chance to educate youth the fundamentals of safe
online behavior. Show them how to identify dangers, protect their data, and respond if something

goes wrong. This is an essential component of digital literacy.
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9.1.5. Failure or Disappointment

Failure is an unavoidable element of the learning process, especially for more sophisticated
initiatives including experiments, prototype building, or participation in competitions. Although
such activities might be exciting and satisfying, they do not always go as planned. An experiment
may fail, a technology may malfunction, or a team may not be awarded a prize. These consequences

can depress youth and cause a loss of desire.

In such cases, it is critical for you as facilitators to manage expectations from the beginning.
Explain to the group that each try is valuable and that success is not required for the experience to
be worthwhile. Praise the process, not the outcome. Show youth that it is worthwhile to attempt,

think, explore, and collaborate—even if they don't succeed the first time.

You can recall well-known scientific instances. Tell them about Thomas Edison's hundreds of

attempts to build a workable light bulb. Explain how failure can lead to success if we learn from it.

Create an environment in which youth can openly discuss what didn't go as intended. Instead of
feeling awful, encourage them to discuss the matter. Inquire about what they learnt and what they

could do differently next time. This teaches youth to overcome adversities and develop resilience.

If you see that their mood has dipped or they have lost interest, provide a brief, soothing, and
enjoyable activity. It doesn't have to be instructional; only something that makes them laugh and

restores group energy.

Don't forget to celebrate tiny victories. Even the tiniest progress should be recognized. Maintain
team spirit, foster mutual support, and remind them of their achievements. This helps youth gain
confidence and recognize that learning isn't a straight line from A to B—it's a journey full of bends,

efforts, and (sometimes) failures that hold the most significant lessons.

9.1.6. Program Sustainability

Even when everything appears to be going well, youth programs can stall. This could be due to a
lack of financial resources, the departure of a major volunteer, or just a loss of original enthusiasm.
These are dangers that affect the entire program, not simply a certain session or group. However,

it is possible to plan for this.
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The greatest method to keep a program from closing down is to not rely on a single person, school,
or financial source. Create collaborations with a diverse spectrum of players, including schools,
municipalities, European funds, organizations, and businesses looking to invest in their
communities. Open educational resources and volunteer effort can help you save money while

maintaining excellent quality.

It is particularly crucial to invest in people. Do not rely on a single leader. Include volunteers and
older program graduates as team members. If you teach them how to lead activities themselves, the

program will have a more solid basis and a better chance of long-term success.

Maintain documentation as you go. Take images, note impressions, and analyze the results. When
it comes time to seek support or sponsorships, all of this will help you demonstrate what you've

accomplished and how important it is to youth.

Ifyou plan ahead of time, you can anticipate and mitigate all of these hazards. No danger is a reason
to give up. It provides an opportunity to reflect on how you work and how you may improve. Just
as we educate youth not to give up when things fail, facilitators must be willing to learn, modify

our approach, and find new answers.

Keep track of how the activities are progressing, speak with participants, and listen to their
suggestions. This will help your program expand and improve. With careful leadership and
attention to what could go wrong, the most important aspect remains: to continue encouraging
youth, developing their curiosity, and exploring the worlds of science, technology, and creativity

together.

9.2. Cultural and Creative Approaches to STEM

When we combine science, technology, engineering, and math with art, we produce a learning
strategy that is more accessible to youth. Art adds passion, storytelling, and personal experience to
STEAM, making it more intelligible, interesting, and accessible. This allows youth to connect with
the issue, communicate their opinions more freely, and learn how information may be applied in

their daily lives.

Science and art have a lot in common. Both begin with questions and curiosity. The questions in

science can be about natural occurrences, whereas in art they can be about human feelings or
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society. Both seek answers, test ideas, and communicate discoveries—science via evidence, and
art through creation. When we mix them, we create opportunities for learning that engages the

entire person—head, heart, and hands.

Youth frequently fail to see the connection between science and their life. However, when given
the challenge of using digital technologies to convey a cultural story about their family or
community, youth not only learn how to utilize technology, but they also gain an understanding of
their history, language, values, and traditions. During this process, science becomes a tool for

telling stories and understanding oneself and others.

A cultural and creative approach to STEAM allows youth to feel involved. When activities include
music, dancing, language, or family stories, youths open up, participate more, and develop a sense
that their knowledge is important. This creates a learning environment in which everyone may

grow, regardless of their background, language, or technological skills.

In practice, this can take the form of a workshop where youth make 3D models of buildings inspired
by cultural history, compose music using digital tools to portray emotions in a story, or design an
app that ties tradition with their community's everyday needs. These exercises promote teamwork,

critical thinking, and respect for diversity.

It's critical for youth to understand that art is more than simply decoration in STEAM; it's an
essential component that helps us understand the world. It encourages imagination and empathy,
connects ideas and experiences, and allows for free expression. When we do this, science ceases to

be merely a school subject and becomes something they live, create, and comprehend from within.

A cultural and creative STEAM approach demonstrates that science and technology are not
inherently chilly or distant. They may relate to our ideals, stories, and communities. When we allow
youth to learn via experiences that are personal and relevant to them, we create an environment in

which everyone can grow, explore, and contribute in their own unique manner.

9.2.1. Integration of Cultural Elements

When we incorporate cultural components into STEAM activities, learning becomes more

dynamic, interesting, and relevant to real life. Youth do not simply absorb facts; they learn via
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personal experiences, tales, and creative expression. Learning becomes more personal, meaningful,

and accessible to everybody.

One of the most straightforward methods to incorporate culture into STEAM is through narrative.
Every town, every family has a story. When youth are assigned the responsibility of telling a tale
about their neighborhood, an important local figure, or a personal trip, they not only practice digital
tools and language skills, but also learn about themselves and the world around them. When they
tell their tale through animation, comics, video, or an interactive map, they combine art,

technology, design, and culture into a single action.

Design is another approach to include cultural elements into STEAM. Youth can draw symbols
from their community, use digital tools to remodel traditional patterns, or develop a brand that
combines diverse cultures. These challenges promote aesthetic thinking, appreciation for variety,
and the acquisition of digital skills. Design teaches youth how to create clear, meaningful, and

visually appealing messages.

Language, music, rituals, clothes, food, and beliefs are all forms of cultural expression that reflect
who we are. Giving youth the opportunity to present an aspect of their culture through a workshop
allows them to learn from one another, establish a sense of community, and demonstrate that variety
is not a barrier, but rather a source of richness. Activities that integrate science and tradition, such
as cooking recipes and chemistry, folk medicine research, and traditional house construction,

connect the past and present in an understandable way.

All of this may be expressed in a more modern way thanks to digital inventiveness. Youth can
make a podcast on their grandparents' lives, a digital museum of their own community, a music
mix that combines traditional and electronic music, or an app that has proverbs and sayings in many
languages. Through such projects, culture becomes an active learning tool rather than just a topic.
When we incorporate cultural components, we create bridges between what youths learn in school
and what they know in real life. We demonstrate that the knowledge they gain from their family,
neighborhood, or community is just as valuable as what they learn in textbooks. This conveys the
message that they are important, that they have a voice, and that their culture belongs in the realm

of science and technology.
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Integrating cultural components into STEAM is not an add-on; rather, it is a method of making
learning more comprehensive. When culture, science, and art collaborate, we learn with

comprehension, respect, and enjoyment. This is long-term learning that brings about change.

9.2.2. Learning through Cultural Identity

When youths are given the opportunity to study through their own cultural identity, their learning
becomes deeper, more real, and more relevant to their lives. In STEAM activities, we learn not
just about formulae and tools, but also about ourselves, others, and the world we live in. Cultural
identity, in addition to being a part of us, serves as a source of knowledge, inspiration, and

connection.

Digital storytelling is one of the most effective ways to connect culture and STEAM. Youth can
recount the tale of their origins, family traditions, or an important event in their community. They
can accomplish this with video, photography, animation, or music. Through such projects, they
learn how to use technology and convey who they are, what influences them, and why their story
is important. These stories boost self-esteem while encouraging mutual respect and understanding

among peers.

Intercultural hackathons are another method for youth from diverse backgrounds to collaborate
and solve challenges. In such cases, they might apply their knowledge of science and technology
to develop solutions that respect cultural diversity. They might make an app for translating local
languages, design a shared symbol of togetherness, or start an initiative to promote equality. They
learn how to cooperate, listen, and create in a team setting where everyone's values and experiences

are important.

It 1s critical that STEAM activities are accessible to all. As facilitators, we must consider youth
with a variety of functional capacities. Activities should be modified so that everyone can
participate, whether that means using audio instructions for the visually impaired, digital aids to
aid reading, or tasks that use many senses. Most importantly, we teach youth about solidarity,
empathy, and inclusivity in addition to science education. Learning through cultural
identification also entails learning about one another. When youth get the opportunity to hear
others discuss their culture, food, language, or values, it makes it simpler to form friendships and

respect.
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When we combine STEAM activities with identity, we provide youth the opportunity to shape
their own learning. We teach youth to be proud of who they are, to understand their history, and
to consider how they might influence the future. Culture thus becomes a vehicle for development,
creation, and connection. Learning about cultural identity fosters a community in which everyone
is welcome. It fosters an environment in which knowledge is judged by human development,

understanding, and respect for variety. All of this makes STEAM relevant and helpful to everyone.

1.1. Inspirational stories and examples regarding culture, creativity, and STEM

Youth require role models who demonstrate that achievement is achievable, even when the path is
not straightforward. In the STEAM sector, such stories frequently come from genuine people who
have integrated science, technology, and art in novel ways. Their stories are not only fascinating,
but also instructive, demonstrating that science and art can work together to improve society.
Christine King, a well-known maker of artificial eyes, had one such story. She develops both
medical aids and works of art. Each eye she creates has a unique feature, such as patterns, hues,
or even little gemstones. Her work incorporates medicine, design, and empathy. She demonstrates
to youth that it is possible to be creative while also helping others. Her TikTok videos inspire

multitudes of youth and introduce them to worlds they may not have before imagined.

Another example is Neri Oxman, a biologist and designer who combines biology, architecture,
and art in her work. She creates sustainable and beautiful items by combining natural materials
with technology. Oxman tells us that we can learn from nature — from bees, shells, and plants —
and design buildings that do not pollute but instead work with the environment. Her method
demonstrates how art and science can collaborate to address some of today's most pressing

concerns.

The biography of marine researcher Dr. Ayana Elizabeth Johnson demonstrates how science may
have a voice. Aside from studying the oceans, she raises awareness about climate change through
poetry, video, and storytelling. She incorporates indigenous knowledge into her work and
emphasizes the significance of listening to many viewpoints. Her message to youth is clear:
learning is essential, but so is speaking up, expressing yourself, and fighting for what you believe

n.
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Yuval Noah Harari is a historian who writes about the future. He demonstrates how history,
technology, and society may coexist in stories that elicit reflection. Harari's message to youth is
that learning history may help form a better world, particularly when knowledge and technology
are applied properly.

Plastic Precios La Safor is a Spanish program that employs STEAM technology, namely 3D
printing, to raise awareness about plastic and sustainability. Youth participate in workshops where
they learn about recycling and make products with both aesthetic and utilitarian purpose. Their
work exemplifies culture and innovation via community, creation, and environmental
responsibility. They mix science and art, as well as personal and collective identity, to create

initiatives that give meaning to garbage.

Irene is a young Spanish artist who expresses herself primarily with ordinary items and the Pixart
app on her phone. Her art is visually appealing, but it also speaks to independence, improvisation,
and the struggle against the temptations of social media. Irene's honest approach teaches
youngsters that creativity is open to everyone, and that cultural identity is something we develop
on a daily basis, regardless of resources. For her, mistakes are a natural part of the process, and

creation is a form of self-acceptance—exactly what STEAM represents.

Paula Garcia Beltra from Alicante launched her podcast Glow up emocional to discuss emotions,
relationships, and societal issues. However, her inventiveness extends beyond emotions. Paula
utilizes her voice to educate and popularize science among youth. Paula interviews numerous
guests for podcast episodes, each of them brings new knowledge and insights. One memorable
episode included her hosting renowned Croatian physicist, Dr. Zdeslav Hrepi¢. In her talk with
him, she used simple language and open-ended questions to help youth grasp how science works
in everyday life. Paula does not use pricey equipment; she records with a microphone at home and
edits her audio with free software. The most essential thing to her is that the podcast remains real
and honest. She utilizes her voice to express herself and connect with others, and she wants
everyone who listens to feel noticed and included. Her work demonstrates how digital tools may
be used for both creative expression and to make science accessible to youth. By mixing emotions
and science, Paula creates an environment in which understanding and curiosity are equally valued.

For youth seeking inspiration or simply wishing to hear old themes in a new way, Glow up
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emocional provides a secure space where knowledge is available and the culture of sharing and

learning feels near and genuine.

You can use these stories as inspiration for yourself as facilitators creating and implementing
events, as well as examples to encourage youths to question themselves, "What can I create?" Who
can [ help? What story can I share? Perhaps your participants will see themselves for the first time
in such stories since they, too, come from diverse origins, have unique talents, and wish to learn in

a variety of methods.

When we include such examples in our work, we provide youth with knowledge and inspiration.
We demonstrate that there is more than one way to succeed in the STEAM area. You can be a
scientist who draws, an artist who codes, a programmer who writes stories, or a designer who
assists others. Each of these roles is valuable and necessary. That is why it is critical to demonstrate
what is possible through real-life examples, ideas, and daring decisions. In this manner, we help

them believe that they, too, can alter the world.
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10. EXAMPLES OF STEAM ACTIVITIES FOR WORKING WITH YOUTH

This guidebook contains actual suggestions for STEAM activities that you can carry out with youth
aged 18 to 30. All activities serve as guides for designing and organizing material. Each activity
includes basic information such as its name, purpose, length, number of participants, required space
and resources, and which aspects of STEAM it belongs to—science, technology, engineering, arts,

or mathematics.

The activity descriptions also provide explicit instructions for how to carry them out, participant
roles (if relevant), recommended reflection questions, and methods to customize the activity. Some
exercises make use of simple things found at home or at work, while others incorporate digital
technologies. The goal is for these ideas to be realistic, easy to implement, and adaptable to your

situation and the group with which you are working.

10.1. Create a simple water filter

Goal: To show the idea of water filtration and promote conversation about the value of clean water
and purification engineering solutions. Participants will construct an improvised filter and

investigate how different layers of materials eliminate pollutants.
Time: about 60 minutes (building the filter and analyzing the results).
Number of participants: 4-20 (divided into smaller teams of 2—5 people)

Space and materials: Classroom or outdoor area (ideally near a water source). Each team should
bring an empty plastic bottle (1.5 L or 2 L), scissors or a knife for cutting plastic, gauze or filter
paper, a rubber band, sand, pebbles, small stones, activated charcoal (optional), and a container of

"dirty" water.

Note: All materials are easily accessible and largely ordinary goods, although caution should be

given when cutting plastic to guarantee safety.

STEAM areas: Science (ecology and water chemistry), engineering (filter system design), and

maths (quantity and cleanliness comparisons).
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Figure 14. Preparing items to undertake the water filter experiment.

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

Steps for Implementation:

Introduction (10 min): The facilitator discusses the issue of global access to drinking water and
asks participants how they would clean polluted water. The assignment is presented: each team

must build a simple water filter using the resources provided.

Design and preparation (10 min): The facilitator organizes the participants into teams and
provides materials. Each team cuts the plastic bottle roughly in half. The upper section of the
bottle (with the neck) will be used as a funnel; the team turns it upside down and ties gauze or filter

paper over the aperture with a rubber band to keep the filtering material from falling out.

Assembling the filter (15 min): Teams determine the order of the filter layers. They insert
different layers in the inverted upper half of the bottle, such as small stones or gravel on the gauze
first, then sand, activated charcoal, and gravel on top. The facilitator observes that the more layers

and smaller particles there are, the cleaner the water may be, but it will move slower.

Testing (10 min): When the filters are ready, each team slowly pours a specific amount of "dirty"

water into their filter and monitors how it moves through the layers. Filtered water gathers in a

67



transparent container beneath the bottle. The facilitator asks participants to keep track of how long

it takes the water to flow through the filter and how clear/clean the water comes out.

Analysis of Results (10 minutes): Teams compare their results: whose filtered water is the
clearest? Who's filter drained the water the fastest? The group talks about which layers were most
effective and why. The facilitator can describe how various materials eliminate different types of

pollutants.

Conclusion (5 min): The facilitator underlines that even after this filtration, the water may still be
unsafe to drink (microorganisms are not eradicated) and asks participants what further they could
do to make the water entirely safe. The applicability of these principles to real-world water

purifying systems and emergency equipment is discussed.

Roles of participants: Roles are not rigidly defined; instead, all team members work together to
develop the filter. If desired, jobs such as designer (draws the layer plan), material collector, and
executor (pours the water and keeps track of time) can be assigned to ensure that everyone

contributes to the process.

Questions for reflection:

> How did the water look before and after it went through the filter?
Which substance in the filter do you believe made the greatest contribution to enhancing
water clarity? Why?

> What changes would you make to your filter design to improve water cleanliness?

» Where in ordinary life or industry is water filtering utilized in a similar manner?

You can experiment with alternative layer combinations or sequences (for example, only sand, only
gravel, adding cotton wool, etc.) and compare their performance, or execute two filtrations in a row
through two filters for additional purification. If simple tools are available, determine the pH or
quantity of suspended particles in the water before and after filtering. Discuss how to eradicate

invisible germs (introducing scientific concepts such as microfiltration, boiling, and UV radiation).

Note: This activity employs common items (plastic bottles, sand, and gravel). It is crucial to

remember that the water filtered by the homemade filter may not be safe to drink because solid
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contaminants are eliminated but microbes are not. The exercise brings together scientific

understanding of the environment and practical engineering skills.

Figure 15. Additional tests with the water filter

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

10.2. Solar oven (solar cooker)

Goal: Show how solar energy may be used for cooking or heating, and increase awareness about
the value of renewable energy sources. Making a solar oven teaches participants the fundamentals

of thermal insulation, light reflection, and the greenhouse effect.
Time: 60-90 minutes (30 minutes for construction and 30-60 minutes to test the oven in the sun).

Number of participants: 4-15 (split into teams of 2-4 persons; each team constructs their own

oven).

Space and materials: Workspace (oven construction) and a sunny outdoor location where ovens
can be installed. Per team: cardboard box (e.g., pizza box), aluminum foil, translucent plastic film
(e.g., cling film or document sleeve), black paper or fabric, scissors/knife, glue and sticky tape,
stick or wooden slat (for lid). In addition, tiny pieces of food for testing (for example,

marshmallows or chocolate squares on crackers) and, if desired, a thermometer.
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Note: All materials are accessible and common; attention is required while cutting cardboard with

a knife.

STEAM areas: Science (physics) (conversion of sunlight into heat, greenhouse effect),
engineering (design and construction of the device), art (creative design of the oven's look), and

maths (temperature and time measurement)

Figure 16. procedure of building a solar oven

~L3,:':*. :- 5
Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

Implementation steps:

Introduction (10 minutes): The facilitator begins by asking, "How could we use solar energy to
cook food?" The concept of a solar oven is introduced, and an illustration or drawing of an example
is shown. It is told that we will construct a model oven out of cardboard and foil that can

concentrate sunlight sufficiently to melt chocolate or warm food.

Box preparation (15 minutes): Teams are given pizza boxes (or similarly shallow boxes). Each
team creates a window on the box lid by leaving a frame of about 3-5 cm along the lid's edges and
cutting three sides of a rectangle to allow a "flap" to be opened. The interior side of that flap is

coated with aluminum foil (smoothly bonded), which will act as a reflector and direct the light.
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Insulation and glazing (10 minutes): The inside of the box is insulated with aluminum foil (to
retain and reflect heat). The box's bottom is lined with black paper or cloth (to absorb sunlight and
convert it into heat). The opening on the lid (where the window was cut) is covered with transparent
plastic film, which is attached to both the exterior and interior of the lid, forming a double layer of

transparent "glass." This creates a miniature greenhouse inside the box.

Final touches (5 minutes): Check that the box lid with the transparent film closes properly, and
adjust the reflective flap so it may be propped up at an angle (with a stick or wooden strip) to reflect
as much sunlight as possible into the box. Check that the film or cover will not be blown away by

the wind (use tape if necessary).

Testing in the sun (30+ minutes): Teams take their ovens outside in direct sunshine, preferably
around midday when the sun is at its greatest. Each team places their ovens so that the transparent
film-covered aperture faces the sun, while the reflective flap directs extra light inside. A little test
item is placed inside the box, such as a cookie containing a piece of chocolate or a marshmallow.
The 1id is closed (the translucent film allows light in but retains heat). The oven should be exposed

to the sun for at least 30 minutes.

Depending on how warm and sunny the day is, the first results (such as softened marshmallow)
will appear within 30-60 minutes. Teams check on the food from time to time (if the chocolate has
melted or the marshmallow has softened) and, if possible, use a thermometer to assess the

temperature inside the box.

Presentation of results (10 minutes): After a predetermined time (30-60 minutes, depending on
the sun), teams open their ovens and inspect the results. Each team describes how their oven
functioned, including whether it was able to heat or melt the test sample, the highest temperature

measured, and any improvements they discovered.

Discussion and connection (10 minutes): The facilitator leads a conversation about why the black
color at the bottom is essential. Why is there translucent foil around the opening? How did the
aluminium foil help? Participants believe that the black surface absorbs heat, the translucent foil
generates a greenhouse effect by trapping heat, and the reflector sends more light inside. This is
related to larger themes, such as solar-powered kitchens in distant places or how an automobile

heats up in the sun (greenhouse effect).
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Participants' Roles: Team members can decide who will cut and glue (the one with the sharpest
knife can carefully cut the cardboard, while others can cover it with foil or prepare the black paper).
Everyone puts the oven facing the sun and monitors the experiment. It is not necessary to formally

designate roles, but collaboration is essential.

Questions for Reflection:

> How could we improve the Solar Oven's design to achieve higher temperatures? (A larger
reflector? Better Edge Insulation? Tracking the Sun's Angle during the Day? Which
Physics Principles Did We Apply in this Activity? (Heat absorption, light reflection,

insulation, and greenhouse effect)
> What are the benefits of using solar energy for cooking? And what are the challenges?

> Can you imagine applying this idea in everyday life or extreme conditions (e.g. camping,

humanitarian missions)?
Possible Variations:

To obtain higher temperatures, instead of a pizza cardboard box, construct a larger oven out of a
larger box or Styrofoam. Try the oven at different times of day or year and note any differences in
efficiency (due to solar ray angle). Measure the temperature inside the oven over time and graph

the increase. You can also do an experiment by heating water in a dark container inside the oven.

Note: The project makes use of readily available, everyday items (recycled cardboard, foil, etc.)
and does not require energy, making it a sustainable experiment. The results are weather
dependent; on a foggy day, the oven may not provide the desired effect. The facilitator should
ensure safety when cutting cardboard and explain that heated things should be handled with
caution (they may be hot).
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Figure 17. Solar oven

Source: Photo created by Arﬁ'ﬁcial Intelligence (Sc;ra, ChatGPT)

10.3. Heart Rate and Physical Activity

Goal: To investigate how physical activity impacts heart rate and create awareness about the
benefits of exercise for health. Participants will measure their own pulses during rest and after

activity and then interpret the results.
Time: 45 — 60 minutes.
Number of participants: 5-20 (individually or in pairs, but everyone participates in the exercises).

Woorkspace and materials: Room or hall with sufficient area for movement (exercise).
Stopwatch or mobile phone with a timer (at least one for each couple of participants), paper, and

pencil for taking notes. Optional: a board or poster to record all participants' results.

Note: No special apparatus are required; pulse can be measured manually or using standard

digital tools (e.g., mobile phone apps).

STEAM areas: Science (biology - heart and circulatory system function), mathematics (counting

beats, comparing values, computing pulse per minute), and technology (digital timers or apps).

Implementation steps:
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Introduction (5 minutes): The facilitator asks participants what a pulse is and why their hearts
beat quicker while they run. They explain that participants will carry out a short experiment on
themselves by measuring their pulse before and after exercise. The facilitator shows how to
identify the pulse on the wrist or neck, count beats for 15 seconds, and compute beats per minute

(multiply by 4).

Resting pulse measurement (5 minutes): The participants sit or stand quietly for a few minutes.
Then, each participant locates their pulse on the wrist (or neck) and counts the beats for 15 seconds
(or 30 seconds, depending on the instructions), before calculating the beats per minute. The

facilitator can help with timing and calculations. Participants take their resting pulse.

Physical activity (2-3 minutes): The facilitator instructs everyone to do a short aerobic workout.
Example: 2 minutes of jumping jacks, jogging in place, or brisk strolling around the room. It is
critical that everyone exercises at a similar intensity that elevates the heart rate but is tailored to

their fitness level.

Pulse measurement after exercise (5 minutes): Immediately after completing the activity,
participants identify their pulse and count beats for 15 seconds before calculating beats per minute.
It is critical to complete this as quickly as possible after halting movement. The facilitator can time
the 15-second interval and signal the beginning and finish of the measurement. Participants track

their "post-exercise pulse."

Recovery monitoring (Optional 5 minutes): After the initial measurement after exercise,
participants continue to rest and measure their pulse every 1 minute (counting for 15 seconds and
multiplying by 4) to see how their pulse returns to resting levels. They can do this three to four

times per minute.

Discussion (10 min): Questions are asked to the participants: Why does the heart beat faster when
we exercise? What does the body need more of during activity? (Answer: muscles need more
oxygen, the heart pumps faster to deliver it.) The importance of aerobic fitness is discussed and
how regular exercise can lower resting heart rate and improve heart recovery after exertion. The
facilitator may mention concepts such as maximum heart rate (approximately 220 minus age) and
target heart rate zones for exercise, adapted to the group’s level. This is also linked to math: how

we calculated the pulse, how we could graph the pulse changes over time, etc.
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Participants' roles: All participants function as "subjects" in their own bodies, measuring their
own pulse and performing the activity. The facilitator serves as the instructor, leading the exercise
and controlling the time of measurements. If the group is large, members can work in pairs, with

one exercising while the other counts the beats and helps with timing and then switching.
Questions for reflection:

> How did your pulse feel before and after exercise? How much has it increased?
> How long did it take your heart to recover to its resting pulse?
> Why do you believe that some people's pulses return to normal faster than others?

> What practices can influence heart health and pulse rate?
Possible variations:

Compare your pulse after different sorts of activities, such as running in place, squats, jumping
rope, and so on. Is one form of activity more likely to elevate your pulse than another? Conduct
a tiny scientific project by measuring your pulse several times per day (in the morning, after
walking to school/work, and in the evening) or before and after drinking coffee and then comparing
the results. Include technology. Use an app or fitness tracker that continuously detects pulse

throughout activity and recovery, then look at the graph of those changes together.

’

Note: This activity does not require any specific materials, the body itself serves as a "laboratory.’
1t is critical to encourage participants to tailor the exercise to their abilities (if they are unable to
jump, they can perform less exercise) and to underline that they should stop if they become dizzy
or discomfort. The activity integrates biology and health education into mathematical data

analysis in an intelligible manner.
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Figure 18. Measuring the pulse
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A

Source: Photo ceated by Artial Intelligence (Sz;ra, ChatGPT)

10.4. Chain reaction — Rube Goldberg machine

Goal: To promote creative thinking and teamwork by creating and constructing a chain reaction
that executes a simple task in a complicated manner. Participants will construct a Rube Goldberg
machine using principles from physics (energy, motion), engineering (mechanism design), and art

(creativity and aesthetics).
Duration: 90-120 minutes (planning, construction, testing, and demonstration).
Number of participants: 6-20 (split into teams of 3-5).

Workspace and materials: A large room with enough tables or floor space to arrange a lengthy
line of items. Various available objects and materials include domino tiles, balls of various sizes,
plastic cups, cardboard tubes (made from paper towels), balloons, poles, ropes, pulleys, miniature

toy cars, glue, tape, scissors, and so on. The more variety the daily items, the better.

Note: All of the materials are everyday things or simple construction toys, the facilitator provides

a box of assorted items that can be securely utilized prior to the workshop.
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STEAM fields: Engineering (mechanical design), Science (physics—energy transfer, gravitation,
collisions), Art (creativity in designing a unique machine), Mathematics (logical sequence,

measuring the time between reactions).
Steps for implementation:

Introduction (10 minutes): The facilitator introduces Rube Goldberg, a cartoonist famed for
drawings of gadgets that do a basic task using an excessively complex series of operations.
Participants are shown a short video or photograph of a Rube Goldberg machine (if available) to
help them understand the concept. The activity's purpose is to design and build a "machine" that,
for example, rolls a ball into a cup, waters a plant, or clicks a button - any tiny action that would

result in the desired outcome.

Team formation and planning (15 minutes): Participants are separated into teams. Each team
has access to a pile of materials. The teams must first plan their chain mechanism on paper or
through discussion, creating at least 5-10 consecutive reactions (steps) in which one movement
triggers the next. They must decide whatever basic duty they want to complete at the end. The

facilitator walks between teams, aiding and ensuring that the strategy is viable and logical.

Building the machine (40-60 minutes): Teams start gathering and arranging materials according
to their strategy. They create a succession of reactions, commencing at the end (final step) and
going backward or ahead. Creativity and humor are encouraged, as the machine's steps can be
entertaining and surprising. The facilitator supplies more materials as needed and ensures safety
(for example, no combustible or excessively heavy items are utilized). All team members should
be involved, with one person setting up dominoes, another arranging ropes, and another testing

portion of the sequence.

Testing and refining (15-20 minutes): Teams test their chain reaction on a regular basis, starting
with the initial step and monitoring how far it progresses. It rarely works properly the first time,
so they figure out where the chain breaks or something doesn't operate as expected. They then
work together to find solutions, such as changing the angle, adding a ball guide, modifying the
spacing between domino pieces, and so on. This iterative process is critical, as it mirrors the

engineering approach (design test-improve).
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Presentation of machines (15 min): When time is up (or teams are ready), everyone gathers and
each team demonstrates their Rube Goldberg machine in front of the others. Each machine is
started, and it is observed whether it succeeds in completing the final task. Regardless of success,
teams describe their idea and steps. If a machine didn’t fully succeed, they can manually show what

it was supposed to do.

Discussion (10 minutes): Following the presentations, the group discusses what was the most
difficult aspect of constructing the chain reaction. How many times did you have to modify your
design? The facilitator underlines that failures during testing are an expected part of the design
process. They also discussed what physics principles were applied. (For example, gravity moves
the balls, elastic energy in the balloon, and the lever functions as a rudimentary machine). The

creativity and distinctiveness of each solution are commended.

Roles of participants: Roles within the team may naturally divide based on preferences: for
example, idea leader (proposes steps), builder (assembles physical pieces), tester (runs trial
reactions), and timekeeper (monitors work pace). However, everyone should be involved in as
many aspects as possible in order to share ideas and effort. Collaboration and communication

within the team are essential.
Reflection questions:

> How would you describe how you felt when your machine operated perfectly (or not)?

What did you learn from the process?
> If you had extra time and materials, what would you add or change to your machine?

> Where in the actual world do we observe too intricate or chained processes? (For example,

bureaucracy as a joke or technological systems).

> What did this activity teach you about collaboration and communication?
Possible variations:

Assign a specific task to each team (for example, "turn on a light by pressing a button" using
available batteries and bulbs) so that everyone must incorporate some electricity into their machine,
or "shoot a ball into a goal," "open a box," etc., which can also serve as an additional engineering
challenge. If the group is small, all participants can collaborate on a single huge Rube Goldberg

machine rather than in teams, with each team designing a component of the machine that connects
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to the next. Limit materials (e.g., give everyone the same ten items) to increase the challenge and

encourage creativity within constraints.

Note: This activity encourages using everyday objects in novel and imaginative ways. There is no

need for advanced equipment; the key is to make the best use of what is available.

The facilitator should make sure the space is safe. The exercise is noisy and lively, but it is also

very interesting for youth since it combines play and learning.

Figure 19. Chain reaction

N )

Source: Photo created b)./ Artificial Intelligence Som, ChatGPT)

10.5. Digital story (coding an interactive story)

Goal: To teach youngsters the fundamentals of programming in a creative way by designing and
constructing a short interactive tale or animation. To blend art (story, character design) and

technology (coding), participants will learn digital skills and logical thinking.

Duration: 60-90 minutes (based on the story's complexity and the participants' programming

experience).

Number of participants: 5-15 (individually or in pairs sharing a computer).
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Workspace and materials: computer lab or room equipped with computers and iPads. The
guideline is one computer per person or a couple of participants, with internet connectivity.
Alternatively, install an offline programming tool (such as Scratch or another equivalent visual

programming language). For drawing ideas, use paper and a pencil.

Note: This is the sole case that necessitates the use of digital tools, specifically computers and

accompanying software.

Steam fields: Technology (programming), art (creative storytelling, character and scene design),
mathematics (algorithmic/logical thinking), and science (depending on the story theme, scientific

concepts may be mentioned).
Implementation steps:

Introduction to the Tool (10 minutes): The facilitator exposes participants to the selected digital
storytelling tool. The most popular platform for visual programming is Scratch, which is free. The
basics of the Ul are briefly demonstrated, including how to add a character (sprite), change the

background (scene), and drag code blocks for animation or dialogue.

Story planning (10 minutes): Participants prepare a brief tale or script to present. This could be
a brief hilarious scene, a mini-educational story, or a dialogue between two characters. The
facilitator encourages the tale to have a beginning, middle, and finish, and it may contain an
interactive aspect (for example, hitting a key changes the scene). Participants may draw a comic

or create a short narrative with scenes on paper.

Character and Background Creation (15 minutes): Participants build or pick characters on the
computer (Scratch includes a library, and youths can also draw their own characters with the built-
in editor, fostering artistic expression). They create backgrounds for their stories (one or more
scenes). For example, in a story between an astronaut and an alien, there are astronaut characters,

alien characters, space backgrounds, and planet surface backgrounds.

Action code (20-30 minutes): Now, with the facilitator's assistance, participants "bring the story
to life" through code. In Scratch, this is done by adding code blocks, such as starting with the event
"when green flag clicked" (start) and then putting the initial background and characters to their
starting places. The following is a block sequence: character 1 says something (text bubble) for 2

seconds, then character 2 responds, and character 1 moves or changes outfit (for animation). If
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interactive, you can include "when key X is pressed, do...". Participants create their stories step by
step. The facilitator circulates, assists with bug fixes, and proposes simpler solutions if someone

becomes stuck.

Testing and Refinement (10 minutes): Participants run their animation from the start. They check
to see if the plot unfolds as expected. If anything doesn't work (for example, messages display too
quickly or a character does not move), they fix the code. This iteration is significant because it
demystifies programming by demonstrating that mistakes are commonplace and can be fixed

through trial and error.

Presentation of Stories (15 minutes): Each participant or couple has the opportunity to present
their digital tale to the group, taking turns running their projects while everyone watches. After
each demonstration, briefly recognize what went well (humor, inventiveness, technical execution)

and encourage the audience to applaud their colleagues.

Discussion (10 minutes): At the end, the facilitator asks: "How did you enjoy programming your
story?" What was the most hard and enjoyable aspect? Participants discuss their experiences,
including whether they were astonished that they were able to program something. The facilitator
highlights that by doing a pleasant project, pupils learned the fundamentals of algorithmic thinking,
and that programming is not scary. It is also stated that such tools can be used for scientific
simulations or artistic endeavors, depending on interest (emphasizing STEAM's

interdisciplinarity).

Participants' responsibilities: When working in pairs, they can divide tasks so that one participant
largely handles the mouse and computer (implement the code), while the other designs the dialogue
and appearance (story designer). They can then trade roles, allowing them to experience every
facet. Individual work has no defined duties; the facilitator serves as a mentor and technical

assistance.

Questions for reflection

> Was programming the story easier or more difficult than you expected? What new things
did you learn?

> How did you employ creativity, logic, and precision in this task?
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> What other projects would you like to explore using comparable technology (for example,
a game, an interactive comic, or a process animation)?
> How can you apply this expertise to another STEAM field? Can you program something

related to science or math that interests you?
Possible variations:

Instead of Scratch, you can use Twine for textual interactive storytelling (branching stories in
which the reader decides the outcome). This would emphasize writing and conditional logic in
storytelling. For more advanced groups, the challenge can be to develop a simple game instead of
a story, such as a quiz or a "catch the object" game, which incorporates mathematical reasoning
(points, random numbers) while being creative. If you don't have computers, you can do
"unplugged" story coding: participants draw a comic or a sequence of pictures and then write
"pseudo-code" by explaining the steps of the action under each painting, which helps them practice

sequencing and storytelling logic.

Note: Digital storytelling is an effective technique to introduce technology to youth who may not
have prior programming experience. It is critical to maintain an inspiring environment,; the
purpose is to express creativity, not to produce faultless code. Scratch is an educational tool that
uses visual blocks rather than grammar, which decreases frustration for novices. This allows

youngsters to focus on their plot and reasoning rather than the technical aspects of coding.

Figure 20. Creative programming

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)
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10.6. Exercises and tasks for youth

In addition to the more elaborate activities outlined above, it is beneficial to have shorter exercises
or assignments accessible to supplement youth workshops. These tasks are useful as a rapid

introduction to the topic, a brain warm-up, or a brief application of STEAM abilities.

10.6.1. Quick Engineering Challenge: Paper Tower

Divide the youth into smaller groups. Each group gets two A4 sheets of paper and tape. The goal
is to construct the tallest free-standing paper tower (without support) in 10 minutes. This exercise
promotes creativity and teamwork in engineering by utilizing few supplies. After time is up,
measure the towers' heights and declare an informal winner. Discuss which structures remained

stable and why.

Figure 21 . Paper tower

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

10.6.2. Lava lamp in a glass

This enjoyable experiment requires clear glass, water, edible oil, food coloring, and an effervescent
vitamin tablet. Participants fill the glass halfway with water, then add the oil (which remains on

top), dye the water with food coloring, and drop in the effervescent tablet. The "lava lamp" effect
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occurs, with colored water bubbles rising and falling through the oil. The activity demonstrates
liquid density and a chemical reaction (the release of CO2) while also being visually appealing (the
artistic element). After the experiment, ask the youth to explain what happened and why water and

oil don't mix.

Figure 22. Lava lamp in a glass

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

10.6.3. Secret message

Divide the youngsters into pairs or allow them to work independently and give them a basic
encrypted message to decrypt. For example, write a message in Morse code or use a simple code
to substitute letters (A=D, B=E, etc.). Participants attempt to decode the message singly or in
couples, utilizing logic and, if necessary, paper and pencil. This practice improves problem-solving
abilities while also introducing cryptography concepts. Once someone has successfully read the
message, urge them to write their own brief secret message and exchange it with others for

decoding.
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Figure 23. Message decoding

b
Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

10.6.4. Discovering STEAM in our surroundings via observation and imagination

The aim for participants is to locate instances of each STEAM area in their surroundings within a
set time frame (e.g., 5 minutes) and either write them down or share them verbally. Examples
include a light bulb on the ceiling (science - electrical energy, technology - bulb design), a chair
(engineering - structure, mathematics - geometric stability of legs), and a wall mural (art). This
exercise encourages youth to consider how steAM intersects with daily living. After gathering
examples, hold a quick conversation about how nearly every item or phenomenon has several

features.

85



Figure 24. STEAM everyday research

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)

10.6.5. Invent an invention

Each participant or small team is challenged to create a device that solves an everyday problem or
improves life while incorporating at least two STEAM subjects. In a brief exercise (10-15 minutes),
they draw a sketch of their creation and write a few phrases explaining how it works and the
science/technology that behind it. Example: "Smart trash bin" that automatically sorts rubbish
(science - sensors distinguish material, technology - electronics activate compartments,
engineering - sorting mechanism, art - appearance design). Then, each team/participant presents
their creation to the group. This exercise mixes imagination with real-world concepts, encouraging

an entrepreneurial mindset.
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Figure 25. Inventors challenge

Source: Photo created by Artificial Intelligence (Sora, ChatGPT)
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11. RESOURCES AND REFERENCE RESOURCES TO IMPLEMENT
STEAM ACTIVITIES

To successfully implement STEAM activities, it is critical to have access to high-quality materials
and resources that may help in workshop design, preparation, and execution. This chapter presents
an overview of relevant resources, ranging from ready-made activity databases to online tools and
educational platforms, as well as publications and networks that support educators. These materials
can help you save time, generate new ideas, and improve your work with youth. Whether you are
just getting started with STEAM activities or seeking for methods to improve them, you will find

great resources that will inspire and encourage you.

11.1. Digital Tools as STEAM Tools

Digital technologies in STEAM activities provide technical assistance. However, these tools also
serve as a mechanism for youth to experiment, create, and cooperate in novel ways. They assist
youth in understanding complicated concepts, communicating with peers, and expressing their own
ideas. Using these tools, we foster creativity, improve digital skills, and make the STEAM

approach more accessible and entertaining to everybody.

11.1.1. Choosing Digital Tools

When picking digital tools for STEAM activities, it is critical to choose a tool that is appropriate
for the activity's aim, the young with whom you work, and the circumstances under which you
operate. The first stage is to explicitly describe the purpose of your activity, such as encouraging
teamwork, exploring a scientific subject, developing a prototype, or telling a digital story. Your

educational aim should always lead you.

The second phase is to comprehend the participants. Consider their age, digital proficiency, and
access to technology. Some may not have access to computers at home, while others may be
proficient in utilizing mobile apps. It is also necessary to consider various learning styles. Some
people learn best by watching, others by moving, and yet others by solving logical problems.

Consider youth-specific needs such as language help and accessible technology.

The third step in selecting a digital tool is to examine practical requirements. Determine whatever

devices you have available. Do you work on desktops, tablets, or smartphones? Do you have a
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reliable internet connection, or do you require a tool that works offline? How much time do you
have to prepare for the activity? Some tools necessitate additional planning and investigation.
Check to see if the tool is available in your language and whether it protects youth privacy. This
is particularly crucial if the users are minors. Also, evaluate the expense. Many high-quality tools
are free or have a trial version available. A checklist might help you make an easier decision. It's
ideal if the tool is simple to use, especially if you're utilizing it for the first time. information is
critical that information is available in a language that all participants understand, or that it includes
clear visual instructions. Always select free or low-cost tools that may be utilized on your existing
devices. The most crucial thing is that the tool helps to achieve the activity's aims. If you want to
develop your creativity, use a tool that allows you to create rather than just view. If your goal is
collaboration, search for a solution that allows you to work together in real time. Choosing a tool
means deciding on a learning strategy, such as how to inspire youngsters to explore and guarantee
that everyone can participate. As a result, [ always select tools that facilitate learning, creation,

and thinking.

11.1.2. Introducing and utilizing digital tools while working with youths

When incorporating digital tools into STEAM activities, it is critical to do so with care and
consideration for the needs of youths. It is vital to create an environment in which youth feel safe,
motivated, and eager to discover and use their chosen digital tool. Demonstrations are the most
effective approach to get started with a new tool. Demonstrate how to use the tool live, using a
projector or screen sharing. If this is not possible, provide brief and understandable video
instructions. After that, perform a joint exercise using the digital tool. Take the initial step
collectively as a group. Allow everyone to do something simple to relax and build basic

confidence.

Encourage them to explore in small groups. Youth generally learn best when given the opportunity
to experiment independently and share their findings. Allow them to explain concepts to one
another. Peer learning promotes sentiments of safety and belonging. Prepare to admit when you
don't know something. This demonstrates that learning is a collaborative activity. It is critical to
provide clear and understandable directions. Prepare step-by-step instructions with photos, icons,

and basic phrases. Add little assignments that allow participants to instantly apply what they've

89



learned. Create a lively and relaxed mood. Provide challenges that encourage creativity, such as

asking youths to construct the oddest 3D item.

Using digital tools takes responsibility. Teach youth the fundamentals of digital safety. First,
check the age limitations on the tools you use. Some platforms require users to be at least thirteen
years old. Instead of personal accounts, it is advisable to set up separate accounts for projects.
Never reveal personal information or participant locations. Use passwords to secure documents
and online sessions. Include subjects such as copyright and internet behavior in your ethical
discussions. Teach youth to use content under open licenses and to cite sources. Encourage them
to consider what is appropriate to share and how to respect other people's perspectives. Also
discuss the use of Al-powered tools. Explain what responsible use of these technologies entails

and how to use them intelligently.

As activity leaders, you establish the rules of digital behavior. Consider developing a shared
agreement or digital code of behavior. Involve youths in developing these norms so that they can
better comprehend and accept them. Keep an eye on how they behave in the digital world and be
prepared to intervene if you sense any discomfort or withdrawal. The digital tool itself is not
significant; its value stems from how we utilize it. Digital resources can become tremendous
instruments for learning, self-expression, and connecting youth when introduced thoughtfully,

guided ethically, and in a secure environment.

11.1.3. Digital tools, websites, and platforms for STEAM activities

When working with youth (18-30 years old) on STEAM activities, it is beneficial to employ digital
tools and online platforms that promote interactive learning, creativity, and cooperation. This
guidebook includes connections to some of the most valuable materials, as well as tips for

incorporating them into youth activities.
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Type
Digital
Whiteboards
Coding

platforms

3D Design

Simulations

AR/VR Tools

Music &

sound

Video tools

Game design

11.1.3.1. Schratch

Table 3. Display of Digital Tools

Example Tools

Miro, Jamboard,

Padlet

Scratch, Tynker,

Code.org

Tinkercad, SketchUp

STEAM Link

All areas

Technology,

Engineering

Engineering, Art

PhET Interactive .

) ) Science, Math
Simulations
CoSpaces Edu, Science, Tech,
Merge Cube Arts
Soundtrap, Chrome

) Art, Math
Music Lab
Canva, WeVideo,
] ) Art, Tech
iMovie, CapCut
Tech,

Bloxels, Construct 3

Engineering, Arts

Source: Project Spirit, Estonia

Why Use It

Collaborate, brainstorm,
visualize

Intro to coding, logic and
storytelling

Design models, prototypes,
and products

Explore scientific concepts
interactively

Immersive learning
experiences

Compose music, explore
rhythm and patterns

Create explainer videos,
digital stories

Engage creativity and

problem-solving

Scratch is a visual programming language and online community geared toward teaching

programming through play. Youth can use a basic interface for "stacking" code blocks to build

interactive stories, games, and animations that they can share with the online community. This

platform, developed by MIT, is ideal for programming beginners since it encourages creative

thinking, logical problem solving, and collaboration. Scratch can be used in STEAM to bring art

and technology together.

interactive stories that blend coding and artistic narrative.

It can be used to generate animations based on scientific topics or
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11.1.3.2. Zooniverse

Citizen science (gradansku znanost) is a form of knowledge sharing that allows for greater
transparency in research. The platform connects volunteers and experts from several disciplines,
including astronomy, biology, and humanities. Zooniversea provides valuable opportunities for
volunteers to explore and analyze various topics, such as categorizing galleries, transcribing
documents, and enhancing their lives. Sudjelovanje u takvim projektima nije samo edukativno
iskustvo iz podrucja znanosti, ali 1 prilika da osjete doprinos zajednici i razviju istrazivacki duh.
Youthworkers can use Zooniverse projects as radionics, such as organizing group activities to teach

youth about biology, statistics, and leadership.

ChatGPT recommends Zooniverse, the world's largest platform for citizen science, which enables
public participation in real-world research. The portal brings together volunteers and experts for
topics ranging from astronomy and biology to the humanities. Zooniverse has a unique value for
working with youth because anyone, regardless of prior knowledge, can become a researcher:
volunteers can review and analyze real data (e.g., classify galaxies, transcribe historical documents,
or count animals in footage), contributing to scientific discoveries. Participating in such projects
provides youths with not just educational experience in science, but also the ability to feel that they
are contributing to the community and developing a research spirit. youth workers can include
Zooniverse projects into workshops, such as organizing group involvement in a project monitoring

animal species, which teaches youth about biology, statistics, and collaboration.

11.1.3.3. Europeana

Europeana is a digital cultural heritage collection that houses millions of digitized artworks, books,
pictures, videos, and historical documents from more than 3,000 organizations around Europe.
Although Europeana's material is not primarily focused on natural sciences, it can be useful in the
STEAM setting because it connects art, history, and culture to STEM subjects. For example, youth
can look into Leonardo da Vinci's technical designs, historical inventions, antique geographical
measurements, or scientifically inspired artwork. Europeana also includes an educational section
(Europeana Classroom) with pre-made teaching materials and ideas for incorporating digital
heritage into education. Europeana's materials, which include photographs, music, and newspaper

articles, are publicly available and can enhance STEM instruction by adding a humanistic
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perspective. Youthworkers can utilize Europeana to construct multidisciplinary initiatives, such as
an exhibition or digital poster that integrates science and art (for example, the history of astronomy

through art), so improving both technological skills and cultural awareness.

11.1.3.4. Padlet

Padlet is an online bulletin board or digital wall that allows you to easily post and share anything
including words, photographs, links, videos, and other files. Users contribute to a shared "board"
similar to sticky notes, making it very simple to use. Padlet is a great tool for collaborative learning
and brainstorming while working with youths. For example, during a STEAM workshop on
climate change, a youthworker can build a Padlet board where participants can submit brief
descriptions of their experiments, images of the results, or any concerns that emerged. This
platform works in real time and is accessible on all platforms, allowing youth to collaborate and
develop a digital collection of ideas whether they are in the same room or online. Padlet supports
engagement and exchange by allowing others to remark on or like posts, fostering a feeling of

community and highlighting each participant's contribution.

11.1.3.5. GeoGebra

GeoGebra is an interactive mathematics software that uses dynamic graphics to teach geometry,
algebra, statistics, calculus, and other mathematical subjects. It is offered as a free online and
mobile application. GeoGebra allows users to naturally create geometric figures, alter function
graphs, and investigate mathematical relationships. It is widely used in education at all levels, from
elementary school to university, because it integrates many subjects (such as geometry and algebra)

into a single interface.

GeoGebra can be used in STEAM activities with youth to experiment with mathematical
principles: youth can change parameters in formulas and immediately see how the graph changes,
or they can build interactive models (e.g., simulate projectile trajectories, examine symmetries in
art, design fractal shapes). This tool makes abstract concepts more tangible by converting
mathematical formulas into visual representations, which can boost motivation among youth

tackling difficult concepts.
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Youthworkers can also create digital assignments, such as sending links to GeoGebra applets that
require participants to move points or sliders to solve puzzles, incorporating play and engagement

into math instruction.

11.1.3.6. Canva

Canva is a popular graphic design software that makes it simple to create visual material, even for
those with no professional design knowledge. Canva provides a diverse set of templates and tools
for creating posters, presentations, infographics, social media posts, flyers, magazines, and other

visuals. The basic edition is free and includes enough capabilities to meet educational needs.

Canva can help youth visually display their ideas and results in STEAM initiatives. For example,
following a science workshop, participants can make an infographic describing their findings
(combining statistical data with creative design) or a poster for an invention display based on a
technical workshop. Such activity fosters a sense of aesthetics and visual communication—the

"A" (art) component of STEAM—while simultaneously improving digital skills.

Canva is especially excellent for youthworker material preparation: it allows them to easily
generate appealing worksheets, certificates, event posters, and portfolios of workshop projects.
This encourages youth to understand the visual aspects of science and technology, as well as to

learn how to use design to effectively transmit messages to a larger audience.

11.1.3.7. Tinkercad

Tinkercad is a free web program for 3D modeling and design created by Autodesk, particularly for
novices. It is useful for youth who want to learn about three-dimensional drawing, modeling, and
prototyping. Tinkercad works in the browser (no installation required) and is extremely simple to
use: 3D models are produced by dragging and dropping basic forms (cubes, spheres, prisms, and

SO on).

Tinkercad, despite its simplicity, is powerful—it has become one of the most popular platforms
for producing 3D printing models and teaching the notion of constructive solid geometry in
schools. Aside from 3D design, it also includes electronics and coding modules: rudimentary

circuit simulation, block-based programming of Arduino microcontrollers, and more.
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Tinkercad offers youths hands-on engineering and design experience within the STEAM
framework. For example, during a technical session, participants can make a 3D model of a simple
device or an artistic sculpture, investigate how altering dimensions impacts the stability of the
structure, and then print the model with a 3D printer to see the actual results of their digital labor.

This combines creativity (creating something new) with technology (CAD tools and 3D printers).

Tinkercad is also a good introduction to CAD applications because it gives basic information that

can be transferred to more advanced tools if youth wish to improve their 3D modeling skills.

Note: Aside from those mentioned, there are numerous other useful tools and platforms. For
example, PhET simulations provide interactive virtual experiments in physics and chemistry,
Code.org offers easy programming courses, MIT App Inventor enables the construction of mobile
applications using block coding, and Instructables provides instructions for DIY STEM projects.
The most important thing is to select resources that match the interests and knowledge level of the

participants in your activity.

11.2. Recommended Publications: Literature for Further Reading

In addition to real tools and programs, anyone dealing with youth should be conversant with good
literature. This will allow you to better grasp the STEAM method, observe how others use it, and
get ideas for your own activities. The manuals mentioned below can help you improve your skills.
Each provides a unique viewpoint on dealing with youths and can be helpful in developing and

executing STEAM initiatives.

Jelena Liki¢ and partners' 2022 publication "STEM in Non-Formal Education for 21st Century
Careers' is an important publication. This is the first manual in Croatia that methodically explains
how to teach and bring STEM topics to life in non-formal contexts. It is primarily aimed at
individuals who work outside of schools, such as youth workers, volunteers, and anyone who
wishes to popularize science among youth and youth. This booklet provides clear principles for
encouraging youth to explore and learn via practical activities. Special emphasis is focused on the
value of trial and error - learning via experimentation without fear of failing on the first try. The
book is filled with workshop examples and practical guidance on how to present STEM topics in

an engaging and accessible manner. Reading this guidebook will help you come up with ideas for
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your own activities, learn how to connect more effectively with various youth groups, and tailor

content to their age and interests.

The "Manual for Implementers of STEM Education and Workshops" produced by the group
DOOR in 2023 is another great source of information. It was produced as part of the UrbanSTEM
project, which is aimed at future cities and communities, and it draws together the knowledge and
experiences of multiple educators from conferences and workshops. What distinguishes this
publication is that it covers a wide range of themes and age groups. You'll find examples of
activities for people of all ages, from kindergarteners to adults and university youths. The content
focuses on topics like sustainable development, ecology, climate change, and urban mobility, all
of which are becoming increasingly essential to today's youngsters. The guidebook emphasizes
the significance of integrating STEM and social issues. This is the essence of STEAM: science
and technology should benefit people and the environment. Inside, you'll find specific workshop
concepts, step-by-step directions for running them, and advice on how to tailor the content's
difficulty to the group you're working with. Aside from exercises, the manual provides valuable
insights into the issues the writers faced and what they learnt from them. This can help you prevent
similar problems. If you want to create seminars that combine social responsibility and STEM,

this guidebook provides an outstanding blend of theory and practice.

Although the manual "STEM Education in Primary School" is primarily aimed at elementary
school teachers, it provides numerous concepts that can also be applied when working with youths
outside of school. The writers, Dinko Marin and Anita Musta¢, are experienced instructors and
advisors who demonstrate how STEM can be taught through projects and research. The book
contains actual exercises for third and fourth-grade youth that mix many areas, including
mathematics, science, technology, and art. Although intended for younger youth, youth workers
can easily adapt them for older youth by making the tasks more difficult and the material more
detailed. For example, a project on building simple machines can be broadened to include
discussions about energy and technology, and nature exploration can incorporate digital tools and
links to climate change. The guidebook highlights the need to integrate knowledge in other
subjects, which is exactly what the STEAM approach is built around. This book demonstrates that

good ideas can originate in primary school and can be easily developed for older participants as
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well. As a result, it acts as both an inspiration and a reminder that curiosity and creativity are

ageless.

The European Commission (JRC) published the study "STEM and STEAM Education, and
Disciplinary Integration" in 2025, which provides an overview of the most recent European
standards for STEM and STEAM education. It is a strategic document that emphasizes the
necessity of linking several professions, including science, technology, engineering, and
mathematics, as well as the arts. This combination encourages youth's inventiveness, adaptability,
and problem-solving skills. The authors emphasize that STEM is not just for specialists; all citizens
should have a basic awareness of these topics. They emphasize the value of lifelong learning
beginning at an early age. This paper is particularly beneficial for youth workers since it provides
a larger perspective, highlighting best practices in various countries, current key themes in Europe,
and recommended improvements in educational policy. Special focus is placed on interdisciplinary
initiatives and the significance of further educator training, both of which are directly related to
work in nonformal education. The research also endorses the idea of schools and educational
organizations becoming more community-oriented, partnering with local partners, and integrating
citizens in scientific activities, as many youthworkers are currently doing. This publication will
provide you with inspiration and support for your own ideas, as well as relate them to European

directions for the growth of STEAM education.
Additional resources you can use:

e The European report “Science Education for Responsible Citizenship” (2015), which
already recommended shifting from STEM to STEAM,

e The collection of examples Learning Through Citizen Science: Enhancing
Opportunities (NAS, 2018) about learning through citizen science,

o Articles in the Croatian Journal of Education,

e Articles on the Scientix portal sharing teachers’ experiences in implementing STEM
initiatives,

e A diversity of perspectives — from practical manuals to strategic documents — will help

you see STEAM from different angles and enrich your competencies.
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11.3. Methods for Information Searching

If you want to work effectively in the STEAM industry, you must continue to learn and expand
your knowledge. As a result, knowing where to look for reputable information, publications, and
research is beneficial. For scientific data and papers, utilize specialized search engines like Google
Scholar or Microsoft Academic. There, you can look for professional papers and research from
around the world. It is beneficial to utilize English in searches because it yields more results. For
example, if you want to know how STEAM education affects youth motivation, you can search for
"STEAM education youth motivation" and find a plethora of relevant papers. Many publications
are freely available, either as open access or via university repositories. Visit the Hréak portal to
find Croatian-language books. It includes scientific and professional periodicals from Croatia.
Searching for terms like "STEM education" will bring up articles relevant to your work with
youngsters. Using these resources will allow you to work in an informed manner based on science

and current practices.

European educational platforms, which bring together educators from around Europe, might be
quite beneficial to your business. These websites provide ready-made resources, workshop ideas,
and current information on STEM and STEAM themes. One such platform is the European
School Education Platform, which succeeded the previous School Education Gateway. There
you will find workshop plans, instructional materials, and online courses. The eTwinning network
is especially valuable since it allows teachers and educators, particularly those working in non-
formal education, to share their experiences. Scientix is another useful portal. It is a European
STEM education community that provides a library of materials, project reports, and the ability to
communicate with thousands of instructors. You can search for content on topics like robots,
climate change, and art in science to find seminars that are easily adaptable to your group. These
portals frequently post updates on new trends and educational policies. Following them on a
regular basis will keep you up to date on what is going on in other countries and allow you to better

align your efforts with the larger European environment.

Aside from books and manuals, there are several digital libraries where you can discover useful
information on STEAM themes. For example, Europeana is a big digital library in Europe that
contains a variety of cultural and educational materials. In Croatia, there is the Dabar repository,

which contains theses, doctorate dissertations, and project reports on education and science. Global
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digital portals such as the National Science Digital Library and the OECD iLibrary provide
papers on education and skill development. Don't overlook generic resources such as Wikipedia
or Khan Academy. Wikipedia is a good place to start when researching a topic, especially if you
look at the sources mentioned at the bottom of each article. Khan Academy provides free lessons
in math, sciences, and the arts that can be used to supplement study or prepare workshops. When
searching for information, try utilizing a variety of phrases and languages. For example, you can
look for phrases like "STEAM curriculum youth work Europe" or "non-formal STEM

education manual." This increases your chances of locating high-quality, relevant materials.

Aside from looking for information, it is critical to network with others working in the STEAM
industry. Professional networks can help you exchange ideas, receive recommendations, and stay
current with new trends. For example, there are LinkedIn groups dedicated to STEM education
and youth work. There you can read blogs from colleagues in various countries, comment on their
projects, and share your own experiences. The same is true on Facebook, where communities of
teachers, trainers, and science communicators often share important materials. If you are interested
in research, ResearchGate is a website that allows you to follow the work of certain writers and
even ask them questions. This is an excellent approach to keep up with the most recent scientific
findings. Additionally, webinars and online conferences are frequently videotaped and uploaded
on YouTube channels, such as TEDx events connected to education or content published by the
European School of Education. These recordings can help you discover new ideas, techniques,
and literature. Although it is always important to exercise caution and think critically about internet
sources, such groups frequently emphasize what is verifiable and beneficial. They can immediately
direct you to important instructions, studies, and resources that you might not have discovered on

your own.

Svetlana Valcheva, who leads the "Cultura Creativa" association, is an example of successful
networking. For years, she has built relationships based on similar ideals, creativity, and trust. She
collaborates with partners on projects including culture, education, and youth, using the STEAM
approach. They created workshops for youth to investigate, express themselves, and solve real-
world problems in collaboration with organizations active in science, art, ecology, youth work, and
technology. Collaboration on such projects has resulted in tremendous resource sharing as well as

various cultural approaches to learning and production. She highlights that working with partners
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that share values such as inclusivity, creativity, and openness to new ideas is critical to success,
and it encourages new collaborations and networking. Through these projects, she brings together
a varied range of teams and stakeholders, including scientists, artists, educators, and youth,
demonstrating successful collaboration and mutual support in conducting such activities. When

everyone feels equal and valued, the most innovative solutions emerge.
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12. STEAM IN YOUR HANDS

We hope that the pages of this manual will help anybody who works with youth, particularly those
who want to enrich their work with new ideas and tools. Our goal was to introduce you to the
STEAM approach, which combines science, technology, engineering, art, and mathematics into a
coherent whole. This strategy encourages youths to investigate their surroundings, ask questions,
and actively participate in the life of their community. Today, as youth grow up in a digital and
complicated world filled with information, it is crucial that they develop scientific literacy, digital
skills, and critical thinking abilities. These are not only valuable abilities, but also necessary tools

for navigating daily life and making sound judgments.

Informal education, with its flexibility and openness, provides scope for practices that are
sometimes lacking in schools. Experiential learning, communal reflection, and active engagement
enable youth to learn in a way that engages and drives them. This not only supplements what is
taught in school but also allows them to grow and apply their knowledge in the real world. Youth
workers are the core of all successful informal education. They serve as a bridge between the
scientific world and youth, as well as creative architects of experiences that connect various themes,
technology, and ways of thinking. A well-trained and motivated STEAM youthworker can
transform science, technology, art, and other disciplines into active tools for discovering, creating,
and understanding the world. They incorporate STEAM into their daily work with youths by using
real activities, accessible approaches, and a diverse set of resources. This closes the information

gap for youth, which is beneficial for their future, personal growth, and self-confidence.

The values represented by the European Union served as our guide in the development of this
guidebook. Everyone deserves equal access to knowledge. Any successful youth program is built
on the principles of inclusivity, inventiveness, civic responsibility, and a willingness to learn. We
think that when used effectively, the STEAM method may help youth build a sense of belonging,

increase their abilities, and become engaged, educated citizens of tomorrow.

Based on multiple experiences, research, and European policy guidelines, we encourage you to
include the STEAM approach into your work with youths. There's no need to wait for ideal
conditions or high-quality equipment. The most important thing is to begin with simple resources,
but with a lot of imagination and an open mind. Many STEAM activities can be carried out with

what you already have, and imagination frequently distinguishes between an average and an
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inspiring activity. Youth are your most crucial interlocutors. Listen to them and find out what
fascinates them. Giving youth the freedom to create their own ideas and activities makes them feel
respected and included. Their initiatives frequently bring newness and vigor that extend beyond

the intended goals.

You don't have to work alone. Today, there are numerous networks and platforms that provide
tools, information, and examples of good practice. There are several choices, ranging from
European portals like Scientix and eTwinning to initiatives like Erasmus+. Use what has already
been generated and made available. This saves you time and provides access to high-quality, vetted
content. Connecting diverse domains of knowledge enhances the learning experience. When
science and art, technology and everyday life, mathematics and personal experiences are combined,
youth learn more meaningfully and easily relate what they do to who they are. The strength of

STEAM resides precisely in knowing the world from various angles.

It is critical to take regular breaks and reflect on what you have accomplished. Talk to the
youngsters about their impressions and examine what worked and what could be improved the next
time. Reflection helps you grow as a facilitator while also improving the quality and sustainability
of your activities. Share what you've learned. Whether you achieved success or faced challenges,
your experiences can benefit others. Write about your work, attend meetings with coworkers, and
join networks or projects. You may contribute to the growth and development of the STEAM

community by exchanging ideas and experiences.

The STEAM approach prepares youths for a future that requires knowledge, critical thinking,
collaboration, curiosity, and creativity. People, however, are required to make these possibilities a
reality. People who are dedicated, open-minded, and curious about becoming educators and youth
workers. Ifyou've read this guidebook, you're already on that route. For your professional growth

and advancement, we invite you to:

Register on our site; enrollment is free, and the platform provides examples of best practices,

networking, mentoring, and self-paced learning possibilities (learn when and how you choose).

v Start a STEAM activity or workshop.
v Apply for an Erasmus+ project that focuses on STEM or STEAM.

v Engage youth in a citizen science project.
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v Use digital tools such as Scratch or Tinkercad in activities.
v/ Make your own STEAM teaching resources and share them with others.

v Simply engage with youth about what interests them and how they want to participate.

We hope this manual has given you knowledge, motivation, and resources, but most importantly,

faith in your ability to be the change you want to see in the world of youth and science.
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