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PREFACE
Video preface
by
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INTRODUCTION

S

cience, technology, engineering, and mathematics (STEM) aim
to provide answers to the fundamental questions of nature. They
enable us to understand the world around us. In this publication
STEM subjects are related to arts. Connection between art and science is useful for our culture, design, and economic prosperity.
Use of arts in education tell us something about society: our educational systems and its angles of entry are creating the scientists of tomorrow. The combination of arts and science gives us a better starting point to
develop our full potential which is needed when creating something new.
This publication presents research and best practices of using arts as a means of
improving pedagogy and classroom practice in STEM education. In these pages “STEAM” represents STEM plus the arts – humanities, language arts, dance,
drama, music, visual arts, design and new media. It draws on theoretical understandings of arts in STEM disciplines to illustrate how researchers and practitioners are using creative initiatives to promote inclusive teaching approaches.
The e-book is aimed at post-primary school teachers who are currently using
arts within their teaching practice or have an interest in doing so in the future.
It is not intended to provide a fully comprehensive exploration of all aspects of
arts in STEM disciplines. We acknowledge the necessary limitations of this resource, but trust that it will serve its purpose of guiding you through the main
relevant concepts. We also hope that it will give you insights and inspiration.
The e-book handles STEAM teaching in Poland, the Netherlands, Ireland and Finland. It compares the perspectives of these four countries and offers an overview of
innovative and creative approaches. Furthermore, this publication presents an overview of the evolution of arts in teaching STEM
subjects, with a particular emphasis on current
models and emerging methods of instruction
THE E-BOOK
for teachers. The e-book details how various
innovative learning methodologies and creative
HANDLES STEAM
tools can be used to improve STEM learning. In
TEACHING IN
addition, it discusses how to involve students
who are underrepresented in STEM industries.
POLAND, THE

NETHERLANDS,
The booklet is divided into six chapters. Chapters one to four describe an overview of modes
IRELAND AND
of applying creative methods in STEM teaching
FINLAND.
in Poland, the Netherlands, Ireland and Finland. These chapters include some interesting
cases and examples of diverse use of arts in
STEM teaching. In chapter five the national
chapters are summarized in an analytical way. Firstly, the degree of use of arts
in teachers´ basic and further education is assessed. After that, the roles of creative methods in STEM teaching and learning are scrutinized by depicting usage
of creative methods before, within and after STEM teaching. Lastly, chapter six
discusses modes of multi-professional co-operation and how national institutional settings support arts and science integration, that is, STEAM education.
Appendix I describes the methodology used while creating this e-book,
and Appendix II portrays the I-STEM project that has produced this e-booklet. Bibliography lists used sources and interesting resources.
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1
DEDICATED APPROACHES
OF POLISH TEACHERS
AND ARTISTS
1.1 Projects
IN POLAND, the use of applicable methods

in science teaching relies greatly on professional
competences of teachers and on projects of individual artists. The teaching situation is a unique
composition considering timing and different
agencies, student’s individual perspective and
the teacher’s encouraged authenticity, as well
as immediacy in the passionate teaching style.
Teachers sought a holistic understanding of the
world to their students with growing respect
to the understanding of the surroundings. The
students were found to be more open, more
creative, and the atmosphere more inclusive.
However, the interviewees questioned for
this publication felt that the curriculum for
STEM subjects was rigid and unnecessarily full.
There were difficulties among the teachers
to find teaching materials and to reach other
teachers and school managers. In addition to
this, the willingness of other teachers, especially science teachers, to be more innovative
when it came to their teaching methods, was
questioned. Overall, society’s ability to understand its teachers central’ role in social change
is important. There are challenges to face, but
some teachers have been able to incorporate
creative methods into their teaching methods.
Some interesting cases are described below.
The impro school “Szkoła Impro” and project called “Group Mind”, focuses on improving
teaching in organisations (including schools) as a
factor for better team skills and cooperation. The
founder of both organisations, Paweł Najgebauer, clearly emphasized how learning with impro

art contributes to the deepening of social ties
and contributes positive effects to learning. Here
the positive aspects of impro teaching in arts,
science etc., are emphasized without the more
detailed connection to specific methodologies.

THE STUDENTS
WERE FOUND TO
BE MORE OPEN,
MORE CREATIVE,
AND THE
ATMOSPHERE
MORE INCLUSIVE.

In Group Mind -project the improvisers travelled around schools in Poland and taught the
students and teachers to improvise. The initial
focus was on tolerance. Besides impro, music was used as part of the instruction. Paweł
Najgebauer strongly believes that this kind
of approach to teaching is just simply better – even if it doesn’t help cognitively, it’s just
more activating and always brings something
new with it. Najgebauer is however worried
that there are not enough teachers in Poland
who are open to new technologies or new
propositions in their teaching methods.
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Anna Radkiewicz works with the Theatrum
Gedanense Foundation where one of the most
interesting activities from the perspective of the ISTEM-project is “Moc nauki ze sztuki". Translated
into English, this means “The power of science
from art”, where the professional competences
of teachers are improved with the help of workshops. These workshops offer different forms
of theatre, architecture, and new media related
methods which are presented and combined for
creating specific teaching methodologies. The
main advantage in this activity is its interdisciplinarity. At the end of the project there
is a preparation of an artistic project together
with the students. This artistic project was a
theatre play, presenting all the things learned
throughout the process. It provided inspiration
for more creative activities with young people.
Another interesting project from Poland
is called “Chemia teatru” led by Anna Markowska. This program is for children from 13
years old. It is divided into separate sections:
• theatre description,
• chemical workshops – how to use
chemistry in the theatre, e.g., create
explosions, create artificial lava etc.,
• learning theatre makeup (for
example how to make fake blood),
• biology, physics and mathematics on the topics of gravitational laws
with scene setup + impro scene.

HOWEVER, THE
INTERVIEWEES
QUESTIONED FOR
THIS PUBLICATION
FELT THAT THE
CURRICULUM FOR
STEM SUBJECTS
WAS RIGID AND
UNNECESSARILY
FULL.
Additionally, the children created a theatre
spectacle showing all the knowledge gained
throughout the process. This project’s initial aim was to get youth interested into arts,
but it served the STEM subjects as well.

TEACHERS
SOUGHT A HOLISTIC
UNDERSTANDING
OF THE WORLD TO
THEIR STUDENTS
WITH GROWING
RESPECT TO THE
UNDERSTANDING
OF THE
SURROUNDINGS.
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1.2 Good practices
and some challenges
ANGELIKA APANOWICZ, a primary and
a post-primary teacher of chemistry and biology
with almost 21 years of experience, works in Pro
Futuro private school, in Warsaw. She completed
her studies in 2000. After graduation, she became a nanny in the USA before starting work
as a biology and chemistry teacher at schools
in Poland. Now, she teaches over 100 students.
Her classes are composed of 5–21 students. Her
classes last for 2 hours (in Poland, the standard
class length in public schools is 45 minutes).
Polish education reform has changed four
times throughout Angelika’s teaching career. She
thinks that the current curriculum has too much
useless content in the core curriculum of biology
and chemistry. She tries to compensate for this
by giving as many practical activities as possible:
experiments, observations, tasks that are fun.
In her teaching she tries to show how chemistry and biology are in us and all around us. For
example, the periodic table is not only the periodic table, but something truly amazing – the
whole universe: water, soil, rocks, living and dead
organisms, planets, stars can be all found in it.
Angelica activates students’ interests with
her passion for science. Her goal is to get
the students to understand new concepts
– to improve their understanding of world,
not just for achieving academic grades.
IN HER INTERVIEW ANGELIKA
APANOWICZ’S DEPICTED SEVERAL
EXAMPLES OF TEACHING THROUGH ARTS:
1. Lots of drawings, graphics and diagrams.
Everyone needs to have crayons with them in the
classroom. An example: we draw and create the
life cycles of plants by using creative expressions.
2. Using acting and expressions in learning.
3. In biology students conduct a judgment
on a human: what would a human do without
nature and what would nature do without a
human? The issue covers various aspects, such
as environmental protection and human rights.
Students act as witnesses, jurors and lawyers.
4. In chemistry, students conduct a judgment
on oxygen: is oxygen good or bad? Oxygen
destroys many things but it also keeps organisms
alive. Students do studies on elements by

creating a list of objections and strengths in
each area in a form of a role play. One of such
is a role-play based on the principle “You are
carbon, you are oxygen, you are hydrogen
and let’s make a glucose molecule!”. This is
a fun way to learn how chemicals react.
5. Students have additional projects and
presentations of developed topics. They
explore how much sugar there really is
in sugar, they compare various products
and their availability on the Polish market
and make a video, discussing the content,
market availability, price and the packaging
from an ecological perspective.
6. The students also created their own Polish
scientific discovery, where they ‘travelled back’
to the Middle Ages, discovered incredible
things such as vaccines and vitamins found
by Polish scientists and got to know historical
stories of, for example, a scientist who was
sent to Siberia and while serving his sentence,
discovered about 30 aquatic species.
ANGELIKA APANOWICZ’S OUTLINES
GUIDELINES FOR CREATIVE TEACHING:
1. A person should be authentic “When we start
our lesson, we are real”. The teacher needs to be
approachable and establish good relations with
the students. The students deserve respect, just
as the adults do. The teacher needs to be a good
role model and to stand behind their words.
2. Teaching is more convincing when done
with passion. “My greatest professional
success was the moment when a student
said that for two years he did not understand
as much as during one lesson with me”.
Every teacher should be willing to learn
and to adapt. We should be flexible.
3. No child can be left out, each student
should be included. The teacher needs to
interact with everyone. The teacher should be
passionate about the world and continue to learn
about it. They should create a wide ground to
communicate with different students. Teachers
should know the trends among young people.
Openness to the world is very important.
4. During the lesson, Angelika tries to relax her
students with conscious breathing exercises that
give the mind peace, which is needed to foster
learning. She sees the impact of her methods.
Through asking questions about topics such as
climate change and epidemics, she has seen
how greater ecological awareness arouses
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sensitivity and a sense of responsibility for our
health, as well as for the surrounding world and
nature. Creative methods positively influence
the science learning process. The teacher is
themselves a bit of an actor because they needs
to react to the audience – the choice of various
forms of work is the teacher’s responsibility.
5. Creative methods are easier for extroverted
students. This is an opportunity for the others
also to find ways to open-up. Improvisation
can be used with everyone. Wherever there
are emotions, engagement is triggered.

THE CREATIVE
METHODS
ACTIVATE
THE WORK
OF THE BRAIN
AND INFLUENCE
THE LEARNING
PROCESS
POSITIVELY.

Angelika Apanowicz acknowledges also challenges in creative teaching. In each class there
are students who have a disability certificate
(autism spectrum disorder for example). This
can be challenging. We need to individualize
tasks – horizontally and intellectually. For some,
getting up and saying two sentences is an effort.
There can also be specific situations at home
that reflect on the behaviour of the student.
Agnieszka Kaszuba is an early childhood
education teacher in Waldorf School, Warsaw.
Nearly 20 years ago Agnieszka asked the Waldorf school for access to students to write her
master’s thesis in her Polish studies. The school
has around 100 students and 30 teachers with
classes of about 18 students. Agnieszka teaches
almost all of the subjects: Polish, mathematics, geography, biology, chemistry (formerly
nature), drawing and painting. The school’s
teaching was also evaluated by the Ministry of
National Education and the feedback was very
positive. The school is very resource-intensive.
The creative methods activate the work of
the brain and influence the learning process
positively. It opens up every student, but the

most creative ones feel the most comfortable. Her teaching approach is holistic – if in
history she talks about Arabic culture, then
in mathematics she will discuss the Arabic
numerals. She wants her students to be able
to think holistically and unconventionally.
AGNIESZKA KASZUBA GATHERS EXAMPLES
OF TEACHING THROUGH ARTS:
1. Mathematical songs and poems
spoken at the correct rhythm. For example,
multiplication tables can be sung and
combined with movement. We can pass a
little bag from hand to hand with the right
answers. With older students you can do the
same with more challenging mathematics.
2. Creative ways can be used to present sizes, for
example, to show how big the blue whale really is.
3. Many of the human senses can be used
to improve learning memory. Students
try to guess tastes, voices and sounds.
4. Children play in a show, for example, showing
rotation of celestial bodies. Children are planets
and show the movements themselves.
AGNIESZKA KASZUBA’S GUIDELINES
FOR CREATIVE TEACHING ARE:
1. Arousing curiosity in science with
the help of interesting poems or raps.
2. An individual approach is needed
– the teacher needs to adapt to each child.
3. Communication and words change
reality. Talking about emotions,
problems and needs is important.
4. A lot of openness and creativity, with
less pre-determined patterns/formulas.
As a result of Kaszuba’s creative teaching
methods her students show great openness, and it is easy to work with them.
Challenges in creative teaching from the
teacher’s perspective are related to the need for
creative preparation for non-standard materials.
Surprisingly, many teachers show reluctance to
be open to more creative teaching methods, especially when it comes to science. The curriculum
is not practical and there is not enough time to
implement it. The model of a teacher who knows
everything is also problematic for more creative
methods. There is a lack of cooperation and social respect for the professional role of teachers.
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2
CREATIVITY ENHANCES
THE QUALITY OF INNOVATION
IN THE NETHERLANDS
2.1 Working life needs
are recognized in the
educational structures
IN THE NETHERLANDS, the STEM area
is covered in the school subject called Research
& Development. The subject was founded by
the ‘Technasium’ foundation and is officially
acknowledged by the Dutch Ministry of Education. Schools offering higher levels of secondary
education, preparing for university studies, offer
research and development as an optional course.
Working life needs for future scientists are
recognized in the educational structures of the
Netherlands, and the students are prepared for
studies and employment in the scientific and
technical realms of society. Students get acquainted with authentic needs offered by clients
active in this area. Work life clients offer schools
projects which can be done within the research
and design subject. By doing this, students develop into competent developers and researchers.
Students do not take national exams, such as
GCSE or Junior Certificate, but only school-specific exams which assess whether they have passed
the subject in their secondary-school career.
There is a general description of competences
that students need to acquire during their school
career about this subject. However, there is not a
fixed set of subject-specific goals that need to be
acquired, everything is project-specified. Hence,
achieved results can be very different in different
areas of the Netherlands and in different schools.
For this reason, it would be difficult to create a

list of fixed subject-specific goals. Expert-coaches
from higher educational institutions and universities, assess the level of the subjects in schools
as well as the level of the teachers in subjects,
such as biology, mathematics and physics.
M. Van der Kleij has researched how arts and
scientific subjects could be combined in Maerlant Lyceum where she works. Her research
states that a combination of arts and science
brings people from different areas together,
inspiring each other and approaching dilemmas and problems from different perspectives.
During the study, class activities were conducted
focusing on solving practical problems. One of
these was called ‘de plasticberg’ (mountain of
plastic) in which students were assigned to find
a solution to the problem of plastic waste in the
world. The study draw conclusion that a combination of scientific subjects and arts can be
valuable, as it offers context to the subjects for

DURING THE
STUDY, CLASS
ACTIVITIES WERE
CONDUCTED
FOCUSING
ON SOLVING
PRACTICAL
PROBLEMS.
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the students and is in line with their level of
understanding and experience of the world.
A. Leijenaar has conducted research aiming
to describe factors which determine how Research and Development could be successfully
implemented within Emelwerda College, and
how the school administration can encourage this development. It was concluded that
innovations can only be successful if content,
organization and the people working on it are
all taken into consideration. Innovations are
prone to fail if they take place via a top-down
method. Therefore, it is key to involve teachers
in the early stages of an innovating process.

TECHNI SCIENCE
CLAIMS THAT DUE
TO THE SPEED OF
DEVELOPMENTS
IN TECHNOLOGY,
A DIFFERENT
APPROACH IN
EDUCATION IS
NEEDED.

J.P. Rammant states in his research that
creativity enhances the quality of innovations.
Imagination to invent and realize demands a
cognitive process. Everybody can conceptualize, dream and be abstract. Creating something
demands self-confidence, and courage to experiment and confront new phenomena. Arts education excels in this area. Artists can clarify the
process of creativity and teach us how to excel.
Techni Science is an organisation that helps
schools to integrate the most recent technological teaching methods in STEM subjects.
They offer educational curricula aimed to future-proof implementation of the latest technological developments such as coding and
robotics. According to Techni Science, working
according to the STEAM concept arouses curiosity and enhances learning of basic required
knowledge, skills and mindset. Techni Science offers appropriate training for teachers
as support for teaching STEAM in schools.
Techni Science claims that due to the speed

of developments in technology, a different
approach in education is needed. These developments are complex and demand a new
way of learning things. By doing this the students get all the possibilities to acquire the
important 21st century skills. Techni Science
aims to expose children in 7th grade in primary school (aged 10) up until young adults
in vocational training for STEAM education.
THE ORGANISATION LISTS SEVEN
ESSENTIAL TECHNOLOGIES WHICH CAN
ASSIST WITHIN STEAM EDUCATION:
•
•
•
•
•
•
•

artificial intelligence,
augmented reality,
blockchain,
drones,
robotics,
Internet of things,
virtual reality.

According to Techni Science, the teacher’s
role changes in STEAM education. The teacher facilitates, coordinates and coaches within
the area of learning through research and design. It is of huge importance that teachers
can work with technological materials themselves before they use them in teaching.
Learning through research and design demands an inspiring learning environment where
all learning materials are within reach. This
could be organized in a new environment within
school, such as a Makerspace or Techlab, but also
more mobile solutions within regular classrooms
can work for topics such as coding or robotics.
Research has revealed that 65% of current
post-primary school students will work in professions that don’t exist yet. 71% of these professions
will be related to STEAM. 80% of future professions will have a demand for STEAM-related skills.
TO IMPLEMENT STEAM EDUCATION
SUCCESSFULLY, IT IS NEEDED:
• A STEAM mindset and a general support base in school.
• A curriculum for different levels of education with learning materials, software
platforms and corresponding teaching
methods, all within reach for the student
and ready to work with on any level.
• Training and support for teachers.
• An inspiring learning environment like a
Makerspace, where all learning materials
can be found. Students need to be challenged to work on STEAM education here.
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STUDENTS MAY ASSUME FIVE DIFFERENT
ROLES IN STEAM EDUCATION:
1. Innovators: These students like to work
on technology. They are likely to choose
a technology-based career in education.
They regard technology as high tech; a
clean environment with lots of careers.
2. The social practitioner: these students
regard technology as complex and
unattractive. They are likely to choose careers
in healthcare, culture or economy. Sometimes
technology fits their needs as it plays an
important part in their area of interest.
3. The workers: these students like to work
with their hands. Their image of technology
is that it’s old-fashioned. Their experience
with making and testing things allow them
entrance to a different view upon technology.
4. The explorers: these are students who are in
search of their interests. They do not recognise
their own technical talents yet. Therefore,
a career in technology can put them off.
5. The creative makers: these are students
with a strong motivation for technology
because it is their hobby. They have a positive
attitude towards technology and see this as
a challenge which can teach them a lot.

2.2 Some interesting
projects from the
Netherlands
INNOVATION STARTS with action!
An Erasmus+ project which was implemented in 2016–2018. The project aimed
to enhance motivation and participation by using three different methods:
• art-related activities in museums,
• use of Lego-robots,
• a combination of these activities
within STEM subjects.
Another slightly different project
explored three different approaches
to learning across borders:
• outdoor technology,
• from STEM to STEAM,
• technology-enabled CLIL (Content
and Language Integrated Learning).
Within this project, children built their own
space capsule and then predicted whether
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A LONG-TERM GOAL
FOR THIS PROJECT
WAS TO OFFER
SUSTAINABILITY;
ENHANCE THE
PARTNERS’
CAPACITIES
AND COLLABORATE
ON AN INTERNATIONAL LEVEL.

it would offer the appropriate protection.
The children also built their own solar panel
or bridge to it. A long-term goal for this
project was to offer sustainability; enhance
the partners’ capacities and collaborate
on an international level.
A project under the name Future Innovators, New Discoveries (FIND) was aimed to
decrease the gender gap by developing innovative teaching methods for STEM subjects to
use the most modern technologies effectively. The problem of gender equality became
clear during an activity in which students were
assigned to draw a scientist. A big majority of the participants drew a male person.

2.3 STEAM in
theory and practice
STEAM IS NOT a ready-to-use series of

lessons, but a new way of teaching. Different subjects are linked together through different topics. Students see the relationship
between these subjects and as a result, the
connections are made within their minds.
Societies have changed a lot. Technological
development is fast and today’s problems demand new approaches. Teachers prepare the
students for an appropriate role in the society,
but this role might not exist yet. STEAM education creates a challenging and rich environment
for students in which their work is solution-focused. Thinking out-of-the box is encouraged.

THERE ARE NUMBER OF STARTING POINTS
WHEN IT COMES TO IMPLEMENTING
STEAM EDUCATION:
• STEAM education creates a conscious
relationship between STEAM-values
and the teaching materials.
• A well-formulated STEAM assignment
embodies at least two different components of STEAM that need to be
learned by students. It also demands
collaboration between students.
• The main focus of STEAM education is collaboration, research and learning by process.
• The application of arts is essential for a
good STEAM activity. Arts offer creativity and resourcefulness to the subject.
WHILE OFFERING STEAM EDUCATION,
THE FOLLOWING PHASES SHOULD
BE KEPT IN MIND:
1. Research: students think of a research
question that fits with the topic.
2. Explore: students will explore the topic,
for instance by creating a mind map.
3. Connect: Connect two subjects related
to the topics. Make sure these subjects
are chosen within two STEAM areas.
4. Create: Now you know what you will work
on and how you will be assessed. Think of a
lesson in which more is learnt about the chosen
subjects. Start the lesson with a problem or
question which can only be solved if children
possess the appropriate knowledge and skills.
5. Evaluate: students assess their
own and their peers’ work.

STEAM IS NOT
A READY-TO-USE
SERIES OF
LESSONS, BUT
A NEW WAY
OF TEACHING.
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3
THE STATE OF “A” in
“STEM” – POST-PRIMARY
EDUCATION IN IRELAND
3.1 Synergy from
interdisciplinary
collaborations
MANY COUNTRIES within the European

Union have drawn on an approach to learning STEAM – science, technology, engineering,
arts and mathematics as an interdisciplinary
method aimed at helping students to develop vital transferrable skills and learning across
subjects, through experimentation, trial and
error and creativity. For instance, “The Report on STEM Education presented by the
STEM Education Review Group to the Minister for Education and Skills” (2016) proposes:
“The intersection of STEM areas with the arts
(visual and performing) and design offers great
potential in terms of both cultural advance-

ment and economic development opportunities. With this in mind, it is important that
any future strategy for STEM in Ireland takes
account of the STE(A)M hybrid, where A represents the arts and design (including design
thinking). It is proposed, therefore, that national arts organisations should play a formal role
in advancing the thinking on this topic in the
Irish context with a view to influencing future
policy decisions regarding STEM Education.”
The need for arts in STEM education was
globally recognised as a forward-thinking
and interdisciplinary approach that fosters
innovation, and advances design and creativity. The STEM Education Policy Statement
2017–2026 (the Department of Education
and Skills) recognizes the importance of:
• Partnerships with Arts education promoting
creativity, universal design and design thinking skills into all STEM learning experiences.
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• Provision for STEM education in the national research repository for arts.
• Linkages in arts education partnerships.
Drawing from national and international reports,
the policy highlights the need to create and
sustain partnerships where post-primary schools
and business / industry can form quality, inclusive
and relevant educational links, to improve the
STEM / digital learning experience and secure enhanced outcomes for all learners. To achieve this,
it is important that the correct means are provided for teachers and learners. There are number of partnerships among firms and schools:
• Accenture and CoderDojo
• Accenture Girls in TY (Transition
Year – 15/16 year olds)
• Accenture – STEM in the Midlands
• CWIT and Teen Turn
• Ericsson INFUSE
• Fujitsu Schools Business
Partnership Programme
• Gaelscoil Eiscir Riada
• Intel Ireland Balloon Rocket Launch
• Intel Ireland Mini-Scientists
• Introducing Students to
Coding – Google CS First3
Many of the policies and resources are targeted at finding synergies and collaborations to
provide real-life and on-the-job education opportunities for learners. Although these strategies address gaps that are related to advancing STEM education, they do not specifically
address arts partnerships or creative methods
to engage with learners. Consequently, further
policy development is essential so that teachers
and learners can benefit from the appropriate support and external services to improve
classroom learning and involve students who
are underrepresented in STEM industries.

3.2 Challenges
and barriers to
successful STEAM
IN 2017 the Department of Education and

Skills set up an implementation plan and issued
a STEM Education policy statement for improving STEM teaching in schools. The first phase
of the plan (2017–2019) was to provide the most

MANY OF THE
POLICIES AND
RESOURCES
ARE TARGETED
AT FINDING
SYNERGIES AND
COLLABORATIONS
TO PROVIDE
REAL-LIFE AND
ON-THE-JOB
EDUCATION
OPPORTUNITIES
FOR LEARNERS.

effective and engaging teaching, learning and
assessment environment for STEM education
at all levels. The goal was to have the best education and training service in Europe by 2026
when “Ireland will be internationally recognized
as providing the highest quality STEM education
experience for learners that nurtures curiosity, inquiry, problem-solving, creativity, ethical
behaviour, confidence, and persistence, along
with the excitement of collaborative innovation.”
Drawing on the importance of the arts in
education the policy proposes partnerships
with arts education promoting creativity, design and design thinking skills. Other objectives for enhancing the link between STEM
education and the arts were as follows:
• Include provision for STEM education in
the national research repository for arts.
• Identify opportunities to incorporate
STEM education in the national research repository for Arts. Q4 2018 Department of Education and Skills.
• Provide for STEM education linkages in arts education partnerships.
• Identify opportunities for partnership between schools and the arts.
However, 2020 report on Science, Technology,
Engineering and Mathematics Education found
that there was only a 5% increase in the total
number of students taking chemistry, physics,
engineering and technology for the Leaving
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Certificate in 2019 compared to 2016. The report
showed another target to increase the number of female students taking STEM subjects
by 40% is not on track to be achieved by 2026.
While the report said the figures were encouraging, it acknowledged there was still work to
do to achieve the 40% target which it claimed
would require further growth in numbers
studying STEM subjects outside the sciences.
The presence of arts within the STEM disciplines is growing rapidly, and practitioners are
beginning to see the benefits they can have for
the increased attention and interest of students.
Arts approaches offer great potential for enhancing the social inclusion agenda within the
education of STEM disciplines. However, if this
potential is to be realized there are several barriers that need to be overcome. Findings from our
literature review and interviews suggest these
barriers operate at a wider societal level (macro
level barriers), within schools (meso level barriers)
as well as with teachers (micro level barriers).
Many variables impact the population of STEM
degree recipients, but three facilitate the need
for a specific focus on inclusive teaching in STEM:
demographic patterns and trends, retention
related issues, and economic influences. For
science and the arts to be embraced fully by all
in a community, disenfranchisement of learners through differences in gender, language,
religious / ethnic background, social economic
status or disability need to be acknowledged
and underrepresented groups supported.
According to the 2015 Science Barometer
when profiled by demographic breakdown, the
segments reveal several notable findings. The
‘young and disengaged’ and ‘disenfranchised’
segments over-index strongly as female and less
well-off social classes (C2DE). Furthermore, these
segments are much more likely to have finished
their education at second level, highlighting
the barriers to scientific awareness that arise
for many during their second level education.
Students (from disadvantaged backgrounds,
cultural minorities, LGBTQI+ communities and
female students) often have a narrow concept
of science, which can limit their future engagement with the subject. Many also struggle to
identify, on a cultural level, with science and
hence do not aspire to a scientific career. This
lack of aspiration is particularly seen among girls,
cultural minorities, LGBTQI+ communities and
those from low socio-economic backgrounds.
In contrast, the ‘young potentials’ and ‘super
interested’ are much more likely to be male
as well as more likely to have had a third-level
education, or to be still at third level. They are

also considerably more likely to be from the
more affluent socio-economic group. The lack of
racial and ethnic diversity among students and
faculty in STEM disciplines is a well-documented. It is persistent challenge for leaders in STEM
education, business, government, and industry.
Having examined the literature and policy documentation, it is advisable to:
• increase the number of students choosing
STEM subjects in post-primary schools,
• grow participation of females in
STEM education and careers,
• raise interest in, and awareness of the
range of exciting careers in STEM,
• ensure young people to sustain their
involvement in STEM education.
It is evident that a lot of work still needs to be
done to ensure quality STEM education across
all schools. During the recent years, a significant
increase in the number of STEAM programmes
has taken place. This development is based on
the belief that arts can enhance creativity, nurture curiosity, inquiry, problem-solving, personal
development and eliminate social exclusion.

3.3 Interesting STEAM
projects, festivals and
their communicators
AT PRESENT, many teachers do not know
how to apply arts in teaching STEM subjects.
There are many guidelines and recommendations on ‘what’ to do, but those usually do not
include information about ‘how’ to do it. Teachers therefore must trust their intuition and own
judgement on how to introduce Arts in STEM
subjects. As there is no training for teachers
regarding this aspect, it is often easier to set
the topic aside. In addition to that, the curriculum is very full, and timelines are tight; leaving
almost no time for teachers to cover additional
activities in class. Often there is no time to go
into detail about such experiences, as lessons
follow a tight schedule. There are a number of
resources for teachers that apply some elements
of arts pedagogy. Some interesting approaches and STEAM projects are listed below.
Dr Niamh Shaw is an Irish engineer, scientist, writer and performer, recently voted one of
Ireland’s leading science communicators and
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STEAM specialists (merging science, technology, engineering, arts and maths). She has collaborated on projects with the European Space
Agency, British Council, Arts@CERN, Lottie Dolls,
ESERO Ireland, The Ark Children’s Centre.
Dr Shane Bergin is a physicist and an assistant professor in science education at University
College Dublin (UCD)’s School of Education and
has a concept of merging two worlds: Music
and Science. Through these means he hopes
that the students would be able to participate
actively in inquiry-based learning. His projects blend arts-based approaches with science
pedagogies. Shane is also interested in school
communities and how science education affects parents / guardians / communities. Shane
does not use arts in science or science in arts
but science and arts, creating a space that is
crossing in some way science and the arts. The
idea is to intentionally look for a place in between with students from music and science,
sharing questions that are interesting to both.
Shane and his research group are interested in
teaching and learning physics (and STEM more
broadly). His research has been supported by
grants from Science Foundation Ireland (SFI),
Marie Curie Actions, and the Irish Research Council. The teaching focuses on initial science teacher education. UCD offers undergraduate science
students four degree paths that part-qualify
them as a science and mathematics teacher.
Following graduation from one of those BSc
degrees (e.g. BSc in Mathematics, Physics, and
Education), students complete a one-year professional MSc that completes their initial teacher
education. Shane directs, and teaches on, this
MSc in Mathematics & Science Education. Shane
also contributes to science teacher education
on the Professional Masters of Education.
As experienced by Shane Bergin, there is a
huge appetite in post-primary schools for activities that cross disciplines, although structures
within schools create barriers. He feels that they
have been able to achieve interesting outcomes
with his students who have worked within the
projects. For example, one of his students is
a physics teacher and was very interested in
making her subject more inclusive. She allocated parts to the students using different forms
of drama, including improvisation and scripted
or non-scripted scenarios. She saw students
getting a sense of freedom of an expression
to describe and talk about models of scientific concepts. She also found out that playing
a role and the active dramatization enhances
the learning experience for students and balances the participation of different students.

Shane’s interest in informal learning (public
engagement / ‘outreach’) has led him to create
and contribute to a number of fora. These include
Quavers to Quadratics (with the National Concert
Hall), a podcast series on learning (101 The Ways
We Learn), as well as regular slots on Today with
Sean O’Rourke (RTE) & Futureproof (Newstalk).
Quavers to Quadratics is an informal learning
programme that gets primary school children
to play with ideas that are common to physics
and music. They are led in their play by undergraduate science and music students from
UCD and Trinity College Dublin (TCD). Quavers
to Quadratics relies on co-teaching to ensure
the expertise of musicians, scientists, and primary teachers are employed, for the benefit of
the children and the co-teaching team. Quavers to Quadratics is a partnership between
the National Concert Hall, UCD, and TCD.
Everyone Counts embraces the idea that
mathematics is creative and social. Everyone
Counts aims to challenge entire communities to think about mathematics differently,
and to have fun. The project sees children
pose mathematical challenges to their local communities. The children are assisted
in their work by their teachers, mathematics
students from UCD, and graphic designers.
10-part podcast series called 101 The Ways
We Learn: Each episode follows someone
learning something new, exploring how their
brain makes learning possible, from swimming to cycling, coding to cooking, activism
to graphic design. 101 is for anyone interested
in learning or teaching. It blends ideas from
many academic disciplines, like philosophy,
neuroscience and psychology, with people
learning everyday skills and ideas. The podcast
was co-produced by Shaun O’Boyle and funded through the SFI Discover programme.
Media report on ‘Santa Science: How does
he fit down the chimney? This was broadcast
on several shows including Morning Ireland,
Playback and the Sean O’Rourke Show. The
piece was also published on the RTE Ireland’s
National Public Service Media website. The
content from this piece was co-created by
Shane himself, undergraduate science teachers (from UCD), and a local primary school.
Julia Dolan is a UCD graduate. Her thesis
concentrated on drama in the science classroom.
Her interest in drama and theatre have encouraged her to develop teaching scenarios that
use improvisation, acting, role play and drama.
Julia is currently teaching maths and physics at
post-primary level in Loreto, Foxrock. Her interest
was always in drama methodology in terms of
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improvisation, role play and scripted drama. She
believes that there is a better way of communicating science through drama and art, and that
real stories have a greater impact on societies.
Julia Dolan has worked in DEIS schools where
she noticed the benefits of blending drama
and arts. She uses drama when there are difficult subjects to communicate, she applies the
methodology to make it memorable and easy
to understand. After two years of teaching, she
has been able to see the changes and effect
on students who now engage faster and are
more enthusiastic. The teaching scenarios are
developed based on the learning outcomes. For
example, in the junior cycle curriculum there is
a focus on scientists and society, and there she
uses role play or arranges a debate where students get to play the role of scientists. Some of
the students love the freedom given but some
take a back seat. Julia however sees that using
drama gets more people involved. The techniques of improvisation and role play need to be
structured and the whole class needs to be involved. When developing the script, the teacher
needs to have a piece for everybody. The success
is in testing the plans and reviewing them.
Teachers need confidence ito use innovative creative teaching scenarios. Julia sees that
teachers tend to use the pedagogy that they
have developed over the years of teaching.
The theories that work for Julia as a teacher
of science are constructivism, reconstructive
knowledge and the theory of play. In relation to
skills, flexibility, confidence, creativity, classroom
management, and a deep pedagogical knowledge support the consistency of the teaching.
THE BENEFITS OF USING
DRAMA / IMPROVISATION ARE:
• it provides a deeper understanding of the concepts to build on,
• it provides a model for learning,
• students have ownership over their learning,
• drama allows us to communicate
ideas very well through acting,
• it advances social interaction and debating,
• it builds respect and encouragement for each other.
DRAMA AND IMPROVISATION PROVIDE
ALSO CHALLENGES FOR TEACHERS:
• organisation of classroom environment,
• getting necessary resources,
• convincing the students.

AT PRESENT,
MANY TEACHERS
DO NOT KNOW
HOW TO APPLY
ARTS IN TEACHING
STEM SUBJECTS.

It is important to communicate with the students: to reflect on learning and do self-assessment. Julia has noticed how students with ADHD
really benefited the most from the activities
introduced and that quieter students tended to
engage more in the processes. Teaming up with
other teachers is the best way to advance teaching. Julia has teamed up with a business teacher
and they have learned a lot of different things
from each other. A cross-disciplinary method is
hugely important, and teachers should publish
more about their teaching classroom scenarios.
Dr Jessamyn Fairfield is the director of the
Bright Club, Ireland. She migrated the Bright
Club from the UK to Ireland in 2015. The Bright
Club is a comedy night featuring academics and
teachers of science in Dublin, Galway and Cork.
Jessamyn uses stand-up to communicate
research in social science. The club started in
the UK primarily focusing on academics, researchers and undergraduate students. The
Bright Club in Ireland works not only with
stand-up but also with improvisation and mostly to train academics. Over 250 speakers have
been trained there with different improvisation
techniques. The trainers at the Bright Club are
professional stand-up comedians and improvisers with strong theatre backgrounds. Dr
Jessamyn Fairfield is a lecturer of physics in
National University of Ireland, Galway but was
trained in stand up and improvisation as well.
Improvisation is an effective way to train
people and especially teachers. It is flexible and
engages people quickly in the process of learning. Group engagement in training is crucial;
participants are always in pairs. Using their
own scientific knowledge, the participants are
in control of how they communicate the story,
how they pace it and how they present it to the
others. The Bright Club teachers concentrate
on elements such as body language, eye contact and standing position, they set the ground
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rules for building a safe space. An important
part of the training is to show how in improvisation there are no right or wrong answers.
Not all scientists like to hear that but afterwards they can find it even very empowering.
The training lasts from two hours to four
weeks, depending on the need and starting point
of the participants. Even the shorter training includes side material like videos and recommended readings and preparations, tips and tricks.
The main benefits noticed are that the trainees see science as something more fun and
more engaging – being active in the form of
games can be more engaging than traditional
lectures alone. The training makes the participants more confident and better communicators. The Bright Club has implemented
surveys and followed up about their activities
to find out how previous participants are using
the improvisation or stand-up in their work.
Every year there are lots of STEM festivals, events and competitions taking place across Ireland.
The examples provided below highlight
approaches specifically developed for educational and awareness raising purposes.
BT Young Scientist: A project and an exhibition open to all second level students
from Ireland. Science and technology-based exhibits and entertainment.
ESB Science Blast ESB: Science Blast involves students in a non-competitive programme, investigating the science behind a
simple question. Science is everywhere and
in everything; huge amounts of the curriculum can be taught through participation,
from art to numeracy to language skills.
Coolest Projects: Coolest projects is an international technology showcase open to
all. Coolest Projects gives young people the
chance to showcase their own ideas. It inspires and rewards innovation, creativity,
entrepreneurship, and technology skills.
iWish: I WISH is an initiative to inspire, encourage and motivate young female students to
pursue careers in STEM. Challenges to be faced:
food shortage, climate change, pollution, ageing
population. These will be solved through STEM.
Engineers Week: Engineers Week is a weeklong festival of nationwide events celebrating the world of Engineering in Ireland.

Tech Week: A nationwide festival of technology, aimed at students, parents and the public.
Tech Week is made up of a range of classroom
and community activities taking place in libraries, schools, community centres, and many
other locations. The activities give students a
chance to develop their interest in technology
subjects, examine potential career prospects,
learn new skills, be creative and have fun.
Space Week: Space Week is run in parallel
with World Space Week. It handles themes like
Our Planet, Our Space, Our Time. Students,
families, community groups and members
of the public come together with the space
community, professional astrophysicists, the
broader educational community, artists, hobby astronomers and space scientists to use
the powers of creativity, critical thinking, science, technology, engineering and maths.
Maths Week: Universities, institutes of technology, teacher training colleges, further
education institutes, professional bodies,
museums, libraries and visitor centres and
other groups, all unite with the shared vision
of making mathematics accessible to people of all ages, abilities and backgrounds.
Science Week: Science Week is a weeklong celebration of Science across the
country, with festivals and events taking part in every corner of the nation.
Dublin Maker: Dublin Maker takes the form
of a “show and tell” experience where inventors/makers sourced through an open call in
a carnival atmosphere. This is a family friendly
showcase of invention, creativity and resourcefulness; a place where people show what they
are making and share what they are learning.
Festival of Curiosity: Visual and interactive cultural experiences with cutting-edge
technology, design, arts and science in
playful, immersive and curious ways.
Discovery Programme: The Science Foundation Ireland supports organisations and art
industries in delivering national programmes.
Smart future: The Science Foundation Ireland and 200 national organisations supporting STEM in schools.
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4
ACTIVE INVOLVEMENT OF
STUDENTS, MEANINGFULNESS
AND JOY OF LEARNING
IN FINLAND
4.1. Integration
between subjects
in focus: successes
and challenges
FOR NEARLY TWO DECADES now,

post-primary students in Finland have excelled
at a standardised international exam called
the PISA (Programme for International Students Assessment). In mathematics, the skills
of Finnish young people are clearly better than
the OECD average. Finland ranked 7–13 among
OECD countries and 12–18 among all countries and regions participating in the study.
Finland’s national core curriculum for basic
education focuses on school culture and an
integrative approach. The common compulsory subjects are stated in the Basic Education
Act. The national core curriculum defines the
objectives and core contents of each subject.
In addition, the core curriculum defines the
objectives for the learning environment as well
as principles for guidance, support, differentiation, and assessment. Education providers,
municipalities, and private education providers draw up the local curricula and annual
plans on the basis of the national curriculum.
According to the interviews of head teachers
and science teachers in post-primary schools in
two municipalities, implementing the national

core curriculum at the local level highlights the
active involvement of students, meaningfulness,
joy of learning and interaction of subjects. The are
aware of changes in the surrounding world and
how much the changes are affecting children
and young people. Head teachers and science
teachers also pointed out that the school environment should not just react to changes, but
also take a proactive role in building the future.
Schools also have an important role in defining
what kind of future they should be involved in
constructing. Science education has an important role in awareness of climate change, ecological and eco-social issues and in overall sustainable development both at local and global levels.

FINLAND’S
NATIONAL CORE
CURRICULUM
FOR BASIC
EDUCATION
FOCUSES ON
SCHOOL CULTURE
AND AN
INTEGRATIVE
APPROACH.
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COMPREHENSIVE
STUDIES ABOUT
INTEGRATION OF
ARTS AND SCIENCE
TEACHING IN
COUNTRIES
PRESENTED IN THIS
E-BOOK DO NOT
SEEM TO EXIST.

To reach the level of the core curriculum
objectives and core contents of a STEM subject in post-primary level, the most important
is integration and dialogue between subjects.
Teachers we interviewed pointed out that today there is more integration than ever, and
no subject is taught in a closed way. Arts are
integrated with the STEM subjects and vice-versa. All subjects and contents are pathways to
“broad-based” learning. The aim is that students
will understand the relationship and interdependencies between different learning contents
and will have the ability to combine the knowledge and skills provided by different subjects.
All in all, multidisciplinary learning modules
are seen both in national and local curricula
as tools for integrating learning modules. For
the first time it is compulsory for the schools
to organize one such module at least once
every school year. The core curriculum obliges the schools to plan and implement these in
cooperation between different subjects, while
involving students in their planning. According to the national core curriculum apart
from these obligations, the municipalities
and schools have a freedom to plan the modules according to local needs and interest.
Comprehensive studies about integration of
arts and science teaching in countries presented
in this e-book do not seem to exist. Yet, a small
survey conducted in Finland in 2015 depicts
interesting results. This survey is not representative, and it may exaggerate the amount of art
and science integration because the respondents to the survey, which was conducted via
a teachers´ Facebook group, were most likely
very active teachers. The results of the survey
reveal some interesting patterns (see table 1).
Less than a third of the respondents, who
were lower secondary (ages 13–15) and upper
secondary level (ages 16–18) teachers, took part

TABLE 1.
Science teachers´ participation in science and art integration in Finland (% of yes answers, N=66)
I organize science and art integration in my classes (alone or in co-operation with others)

28

I organize (or participate in organizing) courses or activities which integrate science and art

27

The atmosphere in our school encourages integrating art and science

53

I do not have enough time to organize integration of science and art

45

I do not know enough to organize integration of science and art

52

I would like to have more material to help me integrate science and art

73

SOURCE: Turkka, Haatainen & Aksela 2017, 1413.
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in science and art integration. Yet they showed
considerably stronger interest in science and
arts integration and the majority answered that
they would like to have material to help integration. Furthermore, half of the respondents
reported that the school atmosphere encouraged integrated arts and science teaching.
Hence, teachers who answered this small survey
showed considerable interest in art and science
integration and schools supported integration.
Yet, everyday practice lags behind. The mostly
used art forms in science teaching were drawing, painting, drama activities, digital art, videos and, to a lesser degree, literary activities.

4.2 After-school
activities supporting
I-STEM learning:
circus, drama
and photography
IN ADDITION, we found some interesting
examples from after-school activities, which
are valuable when creating and combining
arts with learning STEM subjects. We interviewed several people working in different
art-based projects. There are plenty of municipalities in Finland organizing culture and
leisure clubs for children and young people as
after-school activities. In different clubs, chil-

THERE ARE PLENTY
OF MUNICIPALITIES
IN FINLAND
ORGANIZING
CULTURE AND
LEISURE CLUBS
FOR CHILDREN AND
YOUNG PEOPLE AS
AFTER-SCHOOL
ACTIVITIES.

WE INTERVIEWED
SEVERAL PEOPLE
WORKING IN
DIFFERENT ARTBASED PROJECTS.

dren and young people can try acrobatics,
juggling, balancing and create doll animation.
After school day activities also have elements
and methods from drama-based teaching,
utilizing playful stories that are familiar from
everyday life. In drama, imagination is used to
access chemical phenomena and social situations in the scientific world that would otherwise be impossible in the classroom. Moreover,
learning through drama is based on doing
things together, individually, and on reflection.
Project workers in after school activities
pointed out that drama can be used to support
interaction skills. Usually, teachers make every
effort to get students to speak in the classroom
during lessons. Speaking based on teacher
authority is the dominant way of speaking in
the sciences, instead of this it is important to
concentrate on interaction. In drama, and in
informal settings, students can try different role
characters and try different speech patterns.
Both drama and science learning have the
same goal, which is to provide students with
skills to facilitate their participation in society. Role playing can explore tensions and
interactions between different actors with
different viewpoints. The drama of participatory experiences combined with high-status
scientific knowledge and argumentation is
an important option for developing concrete capacities for taking part in society.
It is appropriate to point out also to an activity outside of the school organization, The
Finnish Hospital Clowns Association, which is a
non-profit organization, whose trained clown
doctors visit children’s wards entertaining and
cheering up the little patients and their families. The hospital clowns help the children forget their illness for a moment, encourage them
to be cheerful, laugh freely, and clown around
during their hospital stay. The clown doctors all
have backgrounds as professional performers.
A 2018 project by the Finnish Ministry of Education and Culture enabled a new type of study
and impact assessment of hospital clowns.
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5
DYNAMICS OF ARTS
INTEGRATION
IN THE PRECEDING chapters numerous

examples of arts and science integration in
Poland, the Netherlands, Ireland and Finland
were described. In this chapter we ponder and
reflect on the dynamics of arts integration. A
dynamical and systematic approach to art and
science integration is vital because it allows
pinpointing the strengths and weaknesses
of the present situation and thus establishes a base for future improvements. These can
be used to create visions to ways forward.
In the following subchapters arts and science
integration is divided into four levels or modes
of using arts in science teaching and learning. In
these levels, uses of arts differ from each other

by their distance to actual science teaching.
First, education and further education of
teachers prepares teachers to use creative
methods in their teaching. Secondly, creative
methods can be used directly while teaching
science subjects. Thirdly, supportive usage of
arts supports science teaching either before
or after actual science teaching takes place in
classroom. Fourthly, arts may be used to enhance generic skills, knowledge, courage and
attitudes that precede science learning. Lastly, an important element of arts integration is
multi-professional cooperation between teachers
and artists. Also national institutional settings
may or may not support arts in diverse ways.
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5.1 Art in teacher
education
BASIC AND FURTHER education of

teachers play a crucial role when trying to integrate creative arts methods into science
teaching and learning: the more these subjects are handled in the education of teachers
the more likely teachers are to use them.
In Poland the Ministry of Education does
not recommend specific teaching methods of
science subjects for teachers. The curriculum for
STEM-subjects is demanding and concentrates
on science substance. Hence, teacher education
does not support integration of art and science
teaching. In addition, Polish public schools do
not support non-conventional STEM teaching
methods. This does not mean that Polish teachers do not develop use of creative methods but
there are no formal educational practices for
this. For instance, “The power of science from
art” project uses workshops to improve the
competencies of teachers. Partly because of the
lack of formal educational initiatives, it falls on
the shoulders of individual teachers to develop
and practice creative ways of teaching science.

IN POLAND THE
MINISTRY OF
EDUCATION DOES
NOT RECOMMEND
SPECIFIC TEACHING
METHODS OF
SCIENCE SUBJECTS
FOR TEACHERS.

In the Netherlands there are good opportunities for cooperation in the arts and sciences
in the schools, since the need for future scientists is acknowledged and supported by the
country’s decision-making bodies. However, the
use of arts in science education is not included in teacher education in a systematic way.
In Ireland, the basic education of teachers
does not offer much for integration between
creative arts and science teaching. Yet, the

STEM report for years 2017-2019 (Department
of Education and Skills, Ireland) devoted a
whole chapter to this topic. Ireland also supports online sites, including toolkits and statistics for participants interested to engage with
innovative STEAM cooperation in schools.
Irish further education of teachers offers some
possibilities to learn about creative methods. It
is obligatory for teachers to engage in Continuous Professional Development (CPD), but it
is not necessary for them to produce any evidence of CPD activities. As part of an ongoing
restructuring of the teacher registration system, the Teaching Council has been developing
a system whereby teachers will in the future
need to renew their registration as teachers,
and include evidence of CPD engagement.
An example of informal further training of
teachers is The Bright Club. This is a Stand Up
-teaching club with three main tasks: to bring
science closer to the community, to bring the
public closer to science and to create a society
where education and science belongs to everyone. Comedy improves understanding, certainty, connection with others and the Bright Club
training has helped participants (STEM teachers) to feel connected to others, strengthened
confidence in their research, supported a sense
of autonomy in their own STEAM subject with
their own voice in it. Using comedy can be a key
to open the science for the public and to the
researcher themselves in a more approachable
way. This is beneficial to numerous actors in
society. Through the training the teachers have
gained new approaches and are able to give
an enthusiastic example for students as well.
In Finland, teachers education, which takes
place in universities, takes creative methods into
account but does not necessarily link these to
science teaching. The Aalto Math and Arts Minor
at the University of Aalto is designed as a further
education for teachers. This systematic approach
to integrate mathematics and arts is open to
students from the other universities in Finland.
Art educators and students from teacher education are highly encouraged to take the courses.
School teachers from primary school level are
welcome to update their skills and find new
concrete multidisciplinary ideas for their daily
work. Learning outcomes contain connections
between mathematics, art and architecture. Real
mathematics will be revealed through patterns,
symmetries, structures, shapes and beauty
to enable the students view the environment
from a new perspective. Students will be able to
distinguish aspects from their own fields which
can be presented, considered and developed
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using the language of modern mathematics.
Aalto Math and Arts at University of Aalto
in Finland also offers a platform where teachers with different backgrounds can share their
ideas and views. Aalto Maths and Arts justifies
its actions by the need and opportunity for
students to engage with modern mathematics not contained in the current curriculum.
This includes students not only in traditional
schools of science and engineering, but also
study programmes in arts and economics.
As the skills of mathematics are of increasing
importance to everybody, Aalto Maths and Arts
wants to create an open and encouraging learning environment for a broader audience than
is addressed in conventional courses. The goal
is to share the beauty of mathematics that is
obvious to researchers in the field by trying to
find common language and places where there
is a possibility for deeper investigations. Another
goal and key motivation is to show that mathematics is not only useful, but also fun. Not only
will mathematics and arts benefit from this
collaboration, but also the broad applied fields
of physics, computer science and engineering.

IN SOME CASES,
ARTS CAN BE
USED TO ENHANCE
STUDENTS´
GENERIC ABILITIES
TO STUDY AND
LEARN.

An inspiring example of using creative arts
in Finland in the further education of teachers
is using social circus and photography as tools
for consolidating competence identity of students (self-efficacy). Social circus and photography were used in the teaching sessions both
instrumentally and content wise. The circus
exercises were used to structure the day of the
students at school, whilst also supporting student’s concentration and wellbeing. In addition,
the exercises also indirectly and directly impact
the developing of student’s empowerment and
self-esteem, and the method is useful also in
teaching science at post-primary school level.
By using photographs, the students trans-

formed the learning experience of the circus
exercises in narration. The photographs were
used in an empowering method which has a
positive impact both on community / classroom
spirit and appreciative interaction between
student and teachers. By using both social
circus and photography together, there were
positive results in classroom spirit, learning in
general and students’ competence identity. The
strengthening of teacher students´ identity as
competent learners or their self-efficacy became visible in recognizing one’s own strengths,
developing one’s own competence and their
ability to be flexible with the application of all
this. Using both these methods simultaneously created a virtuous circle of empowerment.

5.2 Enhancing generic
skills and self-efficacy
IN SOME CASES, arts can be used to en-

hance students´ generic abilities to study and
learn. Arts may also be used to strengthen
learners´ self-efficacy, that is, their self-image
and self-esteem as capable learners. Another
way to describe this is that arts can be used
to strengthen actors´ identity as learners.
In Poland the amount of art and science
integration can be seen to support generic
skills and especially self-efficacy and self-confidence of students. For example, in a project
called “Group Mind” the improvisers travelled
to schools in Poland and learned students
and teachers to improvise. This kind of support may or may not be directed to science
teaching, but it is feasible that it will support
fundamentals of science teaching. The Dutch
approach seems to concentrate more on direct
use of creative methods in science teaching.
In Ireland policy makers have recognized
that creative methods and art can be used to
strengthen motivation and interest towards
sciences especially in disadvantaged groups and
among female students that are traditionally not
especially interested in sciences. There are some
initiatives and projects that aim to change these
attitudes towards sciences. For example, embracing the idea that mathematics is creative and
social, The Everyone Counts project aims to challenge entire communities to think about mathematics differently, and to have fun in doing so.
In Finland it is fair to say that arts are mainly used as supportive methods that aim
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to increase students’ self-efficacy, interaction skills and confidence. Especially drama
which is used with this objective in mind.

5.3 Direct use of
creative methods
in science teaching
MANY OF THE CASES of art and science

integration described in the previous chapters
handled directly the use of creative methods
and it is not necessary to repeat already given
examples here. It suffices to list used forms of
art: drama and improvisation, music, songs,
architecture, new media, drawing, poetry, bodily
movements, digital animation or art, circus and
photography. This is a quite impressive list, but
it still lacks some forms of art like film making,
painting and sculpture. Furthermore, it appears
that the choices of the art forms are not so much
based on methodological assessment of effectiveness, or feasibility of art forms in relation to
science teaching but rather on personal interests and professions of involved professionals.

5.4 Supportive use
within science
education
ARTS CAN BE USED to enhance abilities
to learn about sciences within science teaching.
Supportive use of creative methods may take
place before or after actual science teaching
takes place in classroom. For instance, science
teachers or other teachers may use creative
practices for relaxation before science teaching.
Improvisations and stand-up performances can
be used to teach that failing is not dangerous
and that it can be a good method of acquiring
new knowledge. Humour can be used to remove possible prejudices about sciences. After
science teaching in classroom creative methods
may be used to convey feedback of handled
topics and they can be used to express and
reflect about feelings and insights that science
teaching has evoked. For example, dramatic
representations of what science is about can

be used to express new insights of sciences.
Our instances of supportive use of arts include the use of poems as to arouse curiosity
towards sciences in Poland. In the Netherlands
“Innovation Starts with Action!” Erasmus+ project enhanced motivation and participation by
having arts-related activities in museums and
using Lego-robots. In an Irish case a teacher used drama to make the science subjects
more memorable and easier to understand.

5.5 Multi-professional
co-operation and
national institutional
settings
AN IMPORTANT ASPECT of art and
science integration is how co-operation
among teachers, artists and other involved
professionals is arranged. In some cases, it is
teachers who are enthusiastic about the arts
that will integrate arts into their teaching. In
such instances multi-professional co-operation is, of course, not necessary. In many cases
multi-professional co-operation between teachers and artists takes place. Such co-operation
may be initiated by teachers or by artists.
Multi-professional co-operation takes place
at a micro-level, in material localities of teaching and learning. In some of our examples in
this publication meso-level of activities, that is,
level of municipalities or regional entities, is also
brought up. In the following paragraph we assess
the role of national institutional settings. These
settings are important because they provide
or ignore support for micro-level activities. In
fact, we have already handled one such setting:
national education and further education of
teachers and we found out that art and science
integration, in general is not taught in teachers´ basic education but that there are some
initiatives that concentrate to this objective.
In Poland, national policies and recommendations do not seem to support science education enhanced with creative methods. In
the Netherlands, it is hoped that more creative
science teaching would lead to new innovations.
The focus of STEM education lies in principles
of collaboration, research and learning by process. In Ireland, the national policy line stresses
the importance of co-operation between artists

27

and the educational system. This means also
institutional co-operation, not just co-operation
at micro-level of individuals or small groups.
It also means co-operation between private
firms and education. However, currently Irish
co-operation does not seem to have a coherent and ready-made institutional system that
would support arts and science integration.
In some respects, the Finnish situation resembles the Irish one, albeit in weaker form:
There is interest in arts and science integration,
but such developments are sporadic. However, some institutional elements in the Finnish
educational system may well support arts and
science integration. Some of these elements
can be found in other countries as well.
In general, the Finnish pedagogical style
stresses the constructivist theory that emphasises incorporation of new contents and concepts
into existing knowledge and its structures. Along
with a constructivist approach goes the broadly
circulated idea of ‘phenomenal’ or phenomenon-based learning, according to this view learning and studying should take place starting from
phenomena and not from diverse disciplines like
mathematics, languages, or history. For instance,
the phenomenon of a hometown could be
studied by combining perspectives from physics,
biology, geography, arts, architecture and history.

IN GENERAL,
THE FINNISH
PEDAGOGICAL
STYLE STRESSES
THE CONSTRUCTIVIST
THEORY THAT
EMPHASISES
INCORPORATION
OF NEW CONTENTS
AND CONCEPTS
INTO EXISTING
KNOWLEDGE AND
ITS STRUCTURES.
Another aspect supporting integration of
arts and science education in Finland is the
tendency to organize learning and teaching

into projects in which students learn by investigating diverse phenomena in groups . This
kind of group-based interactive learning style is
well suited for integration of arts and sciences.
Lastly, the Finnish educational system is based
on high trust and respect for teachers´ professional autonomy. This autonomy allows and
supports diverse experiments with arts integration providing that teachers have an interest
to use creative methods in science teaching.
In addition to favourable conditions within the schooling system for arts and science
integration, Finnish artists have shown some
interest in integrating their activities to educational activities. This is part of a more general change in relations among the institution of art and other institutions of society
To summarize, in Finland there are at least
four developments that support bridging conceptual, attitude-based and practical divisions
among arts and sciences. First, idea of phenomenal learning and teaching is strong at all levels
of the educational system. Points of departure
in this approach are observable phenomena in
the world, not established science disciplines.
For instance, students may study a neighbourhood (phenomenon) by searching statistics of
its inhabitants, measuring citizen activities in
the area and by organizing theatrical events
in its public spaces. Secondly, in a number of
work organizations, especially in healthcare, it
is assumed that multi-professional work groups
can produce better outcomes than teams based
on singular professions. Thirdly, in Finland it is
often thought that to remain competitive in the
global economy, its economic actors need to
produce innovations. One speaks about the Finnish innovation system, innovation ecosystems
and so on. All these systems of innovations need
cooperation across diverse sectors, disciplines
and professions. Fourthly, in recent years the
arts have searched for new roles and functions
in society, stepping out of traditional art venues
like theatres, exhibition rooms and concert halls.
This is because artists have wanted to increase
their employment possibilities, the public sector and other financiers of arts have begun to
stress more arts societal objectives. In addition,
factors one to three listed above have helped to
open other institutions to artists. Similar kind of
developments may be spotted in Ireland too.
In short, changes in education and production have somewhat lowered traditional barriers between arts and other realms of society.
This may mean the diminished autonomy of
arts, but it offers new employment possibilities and enhances arts´ functions in society.
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6
WAYS FORWARD!
THE PRECEDING CHAPTERS offer
information of the current state of arts and
science integration. Our description is not
based on a comprehensive study, but nevertheless most likely offers an accurate overall image of the current state of affairs.
But what next? What lessons can be
drawn from our observations? What ways
forward might exist? What forces of inspiration and innovations may be found?
HERE ARE SOME ANSWERS AND
REFLECTIONS TO THESE QUESTIONS:
• Since art and science integration is a
relatively new approach, its strengthening
and development necessitates more basic
and applied research of its effectiveness
and methods. This research could employ
empowering co-research methods that involve
all participants of science and arts integration
into research activities.
• We found that art and science integration
is poorly presented in teachers´ basic and
further education. To enhance use of creative
methods, these methods and multi-professional
cooperation among teachers, artists and
practitioners should be included in teachers´
basic and further education. Experiments and
international online cooperation could be used to
pool educational resources for this purpose.
• Enhancing generic skills and self-efficacy
of students constitutes an area where local
co-operation among diverse participants may
offer interesting possibilities. For example, local
art schools, amateur and professional theatre
may engage in actions that enhance students´
creativity and self-confidence. Such actions
could be integrated into schools´ activities.

• Direct use of creative arts in STEM teaching
involves already many forms of art, yet more
could be included. Especially those art forms that
are presumably of interest to many teenagers,
like filmmaking, video and digital art, could
play a stronger role than what currently is
being done. Digital art and creation of virtual
reality presentations also provide a fine way
of discovering and representing scientific
facts and discoveries. Since many of these
forms of art find their natural public platform
on the Internet these forms of creativity offer
possibilities for international co-operation.
In the I-STEM project animations will be created by students and with students. They will
focus on promoting the I-STEM educational
programme among schools, educational bodies
and the general public. Animations will increase
awareness of the importance of cross-disciplinary collaboration in STEM. By exploring
and encouraging novel means of engaging
the public, we can build excitement, curiosity
and interest around science and society and
genuinely engage with the target audience.
The potential benefits of peer learning are
undeniable and much of it comes down to the
fact that learners share similar experiences,
and that common experience has significant
benefits. Students will develop skills in animation, creative writing, planning and working
collaboratively with others, giving and receiving
feedback and evaluating their own learning.
Participants of the project will share their experience on social media, both their first-hand
experience of the project, and the finished
animation. There is huge potential to reach all
social media platforms, when one can factor in
the social media platforms of all students, and
teachers from all three participating schools. It
has been said for centuries that teaching is one
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of the best ways to learn. And that applies in
peer-to-peer learning. Teachers can both reinforce their own knowledge and gain insights
from learners who are not familiar with the topic.
• Supportive use of arts within science
education offers the prospect to include
new perspectives into science education
without interfering with actual science
teaching in classrooms. Supportive use of
improvisation or music might be used to
ease uncertainty or unease before teaching
sessions, and they could be used after
teaching to illustrate learned contents or to
gather feedback on reactions to teaching.
At this point the I-STEM project will take as its
starting point the results of research that has
demonstrated how improvisation can promote
spontaneity, intuition, interactivity, inductive
discovery, attentive listening, non-verbal communication, adlibbing, role-playing, risk-taking,
team building, creativity and critical thinking.
The I-STEM teaching scenarios will provide a
set of methods aimed at teaching STEM subjects in post-primary schools. They will include
classroom activities that provide practical experiences for teachers and students. The scenarios will supply mechanisms for a more collaborative approach and active participation,
building on students’ personal scaffolding for
self-directed observation and critical thinking.
Improvisation in the classroom remains the
most potent element for teaching-and-learning contexts; in drawing from the cognitive,
affective and psycho-motive learning channels
it presents itself as a highly opportune area
for cultivation in the individual and group. The

THE I-STEM
TEACHING
SCENARIOS WILL
PROVIDE A SET OF
METHODS AIMED
AT TEACHING
STEM SUBJECTS
IN POST-PRIMARY
SCHOOLS.

scenarios will incorporate national science curricula (Dutch, Finnish, Polish and Irish) with a
scope on expanding on EU science curricula.
WHEN LOOKING A BIT CLOSER AT SOME OF
THE DISTINCTIVE CURRENTS THAT ATTEND
AN IMPROVISATORY APPROACH, THERE ARE
SEVEN STRATEGIES OF IMPROVISATION:
1. Trust: increase in individual or collective trust.
2. Acceptance: can lead to innovative solutions.
3. Attentive listening: cultivation
of co-operative engagement
4. Spontaneity: enhances co-creation
in the collaborative moment,
5. Storytelling: invention and
expressive communication,
6. Non-verbal communication:
valuable for interpersonal skills,
7. Warm-ups: develop the aforementioned
trusting and safe environments, within
which the students can feel free to
explore the world of STEM.
The teaching scenarios, anticipated above, will
be developed as step-by-step guidelines on how
to use improvisation techniques for classroom
collaboration and enquiry-based learning, as well
as innovative and more effective assessment.
There are four major instructional reasons for using improvisation-related practice in the classroom:
1. It is consistent with the characteristics of
current genre profiles of learners. This generation
has grown up with technology, especially their
desire to learn by inductive discovery, experiential
experiences and collaborative teaching.
2. It taps into the learners’ multiple
and emotional intelligence.
3. It fosters collaborative learning by helping
to build trust, respect, and team spirit as well as
listening, verbal and nonverbal communication,
ad-libbing, role-playing, risk-taking and
4. Storytelling skills.
5. It promotes deep learning through
active engagement with new ideas,
concepts or problems, linking the activities
or tasks to prior learning, applying the
content to real-life applications, and
evaluating the logic and evidence.
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• Investigation of modes of multi-professional
co-operation and institutional settings implies
that to strengthen arts and science integration
it would be important to connect to already
existing institutional features. For instance, if
a national educational style supports project
learning and learning by investigating everyday
phenomena, science integration should try to
connect to this interest.
• An important aspect of arts and science
integration is its functions to students. Arts
can be used to motivate those not especially
interested in sciences, to enhance teaching, to
increase creativity and for those who are already
well motivated to learn about sciences but need
to widen their perspective and enhance their
creativity. In the best cases, arts and science
integration could be used to support inclusion of
diverse groups of students and it could show that
everyone can learn from each other.
• In just about all ideas proposed above, it
would be useful to investigate what possibilities
the inclusion of new IT technologies would offer.
Digital technologies could be used as tools of
teaching and learning in local settings and / or
they could be used as means of communication.
For instance, local activities could use both
material and virtual means. Local and national
activities could also have international cooperation via the Internet.

• Seen from a much broader perspective, arts
and science integration touches on topics like
economic competitiveness, abilities to find
solutions to global environmental and social
maladies, potentials to bridge differences
between scientific and humanistic worldviews.
These themes are not just macro-level future
challenges but also issues and principles
that penetrate through macro-, meso- and
micro-levels of societal organizing. Direct use
of creative arts involves already many forms
of art, yet more could be included. Especially
those art forms that presumably interest many
teenagers, like filmmaking, video and digital art,
could play a stronger role than what is being
done already. Digital art and creation of virtual
reality presentations also provide a fine way of
discovering and representing scientific facts and
discoveries.
• Supportive use of arts within science
education offers a prospect to include new
perspectives in science education without
interfering with actual science teaching.
Supportive use of improvisation or music might
be used to ease uncertainty or unease before
teaching sessions, and they could be used after
teaching to illustrate learned contents or to
gather feedback on reactions to teaching.
The above list offers some ideas for ways ahead
while strengthening the arts´ role in science
teaching. We hope that they offer food for further
thinking and acting for diverse stakeholders.
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APPENDIX I
How this
e-book was
created
FOR THIS E-BOOK we have been undertaking a literature review to get broad understanding of techniques, tools, and tips on
how to support inclusive teaching in STEM
disciples in post-primary schools in Ireland,
Finland, Netherlands, and Poland. The literature review sought to collect the information
within this field that has been published.
However, we were aware that practitioners
and teachers will also be engaging in this work
but not necessarily publishing it within journal
articles or professionals’ magazines. That is why
it was important to go to the “fields” to find
innovative expertise and practitioners to get a
deeper understanding of how this creative medium is being used. So, we interviewed experts
and practitioners from Ireland, Finland, Netherlands, and Poland to get grass roots knowledge how the arts technique of playful thinking
can create alternative logic and how mind and
body can lead into collaborative creativity.
An important question was: is there, and how
is it possible to create an inclusive atmosphere
in the classroom? In thematic discussions with
expertise and teachers, we collected experience
and knowledge about their aims of the work and
how they incorporate creative drama / storytelling / stand-up comedy into their work. We also
discussed the theories that guide their work.
The interviews and literature reviews were
collected with the same thematic interview
framework and with the same guidelines in
all four countries. However, the data formed in
different ways, we got several innovative stories
of teachers who are using different art-based
methods. Teachers and experts understood
and conceptualized the use of arts differently in different contexts. On the other hand, it
is the passion to apply the various performing
arts methods that unite teachers and artists.

APPENDIX II
I-STEM project
THE BOOKLET HAS BEEN created as
part of “Innovative and Inclusive Teaching Approaches in STEM Subjects in Post-Primary
Schools” project (I-STEM). The I-STEM project is
funded by ERASMUS+2020, and aims to develop
and evaluate a training programme and teaching scenarios to support the use of humorous
discourse and improvisation in teaching STEM
subjects in post-primary schools. Through
innovative approaches, students and teachers
will have the opportunity to explore and experience a programme that can advance the
innovation of teaching STEM and modernise
STEM education in post-primary schools.
I-STEM is based on a professional collaboration between the following partners: Diaconia University of Applied Sciences (DIAK) in
Helsinki (Finland), the Trinity Access Research
Group at Trinity College Dublin (Ireland), as
well as science experts, performing arts industry professionals, The Gaiety School of Acting,
The National Theatre School of Ireland, Dublin (Ireland), Varsztatovnia, Warsaw (Poland),
post-primary school teachers and young people
from St Joseph’s Secondary School, Rush (Ireland), LXVII Liceum Ogolnoksztalcace im. Jana
Nowaka-Jezioranskiego, Warsaw (Poland) and
Piter Jelles Leeuwarder Lyceum, Leeuwarder
(Netherlands). This project will offer innovative
ways to make education in these subjects more
engaging to students in post-primary schools.
I-STEM project will develop novel concepts
to actively integrate young students in science
education by creating self-produced digital
animations, from young people for young people. The educational approaches will contribute
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to fostering students’ motivation towards science learning and strengthen the transversal
competences they will need for STEM and other
careers. They will also reflect on their own roles
in the interaction between science and society, and the values embedded in Responsible
Research and Innovation (RRI). For teachers,
the I-STEM project will offer a range of teaching techniques, tools and tips on how to support inclusive teaching in STEM Disciplines.
The overall aim of the resources is to provide
appropriate tools to science teachers that will
allow them to develop cross-disciplinary skills
such as communication and engagement
skills, teamwork, and a more holistic and
interdisciplinary understanding of research,
including RRI values and social inclusion. RRI
is an approach that anticipates and assesses
potential implications and societal expectations
with regard to research and innovation, with
the aim of fostering the design of inclusive
and sustainable research and innovation.
The project began in September 2020
and will conclude in September 2023.

FOR TEACHERS,
THE I-STEM
PROJECT WILL
OFFER A RANGE
OF TEACHING
TECHNIQUES,
TOOLS AND
TIPS ON HOW TO
SUPPORT INCLUSIVE
TEACHING IN STEM
DISCIPLINES.

THROUGHOUT THE THREE YEARS
THE RESEARCH WILL ADDRESS
FOUR MAIN OBJECTIVES:
1. To develop this e-book – offering an overview
of aspects identified as innovative and creative in
improving inclusive teaching in STEM disciplines.
2. To create byte-size masterclasses for teachers
on improving communication skills in teaching
STEM subjects. Statistics show a problem with
the way STEM subjects have been taught, with
52% of students agreeing that the way the
subjects were taught was off-putting to them.
The aim is to transform both teachers’ and
learners’ experiences with STEM and to create
an inclusive atmosphere in the classroom. The
humorous-discourse techniques will equip
teachers with innovative teaching approaches.
3. To design and develop teaching
scenarios on how to implement the I-STEM
educational programme. The handbook
will provide step-by-step guidelines on
how to use improvisation techniques and
techniques to support the learning of STEM
subjects. The core aims will be to promote:
•
•
•
•
•
•
•

gender equality (LGBTQI+),
collaboration,
inclusion,
civic competences (active citizenship),
combat early school leaving,
boost skills and employability,
modernise education.

4. The digital element (animation) will
represent a form of celebration and selfpromotion for students. It will promote the
importance of collaboration and inclusion
in schools. The project will offer mobility
for partnering schools to collaborate on
creating these student animations.
5. Sharing knowledge will combine all the
research and evaluations of all the outputs
developed. It will serve as the platform
for teachers / educators / researchers for
accessing evaluation tools developed
specifically to measure the products of these
cross-disciplinary projects developed for
the purpose of modernising education.

