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Dear teacher,
We would like to begin this book by telling you that you are a hero to us. We deeply believe that you are
the holder of the greatest responsibility of all: to educate the humans that will build the future of our
(human) world. We know that your job isn’t easy, and it is undervalued by many. But we are not part of
that “many”. We know how much effort you put in your work, we know how hard it is, and we also know
how tremendously important you are in your students’ lives, even if they don’t always show it.
Throughout our years of work in the field of education we have encountered teachers that are true
forces of nature, real change-makers and amazingly strong, creative and motivated workers. If you are
reading this introduction, it is probably because you are already part of this very big movement for
change. The movement that aims at allowing education to follow the development of our society and
provide students with a valuable, interesting and joyful education.
As you may have noticed, the world is evolving at light-speed (figuratively, of course). Never before
in the history of man-kind have we experienced such a fast development. This is mainly due to the
technological development which allows us to learn, change and evolve constantly. Information is
only one device click away. However, you probably have also noticed that many schools keep the same
traditional practices that we had about 100 years ago. This may be the very heart of why so many
students around the world feel alienated from the school, give-up learning or finish school completely
unprepared for the job world, which contributes to the high rates of unemployment.
This is where PLATON comes in. We know that many teachers are looking for training in different and
innovative methodologies to update their teaching practice. Concepts like Interdisciplinary Learning
and Inquiry-Based Learning are becoming ever more common and integrated in teacher training
frameworks. However, at the same time, we keep witnessing teachers giving up on these methods and
going back to the traditional way, because they feel insecure, or that it is too time consuming. With
PLATON, our team aims to facilitate you in overcoming these insecurities and find ways to implement
new teaching approaches without spending extra time in your class. The book you are reading is the
result of all the work we did during the PLATON project and we are very proud of it. It is designed
for teachers and aims to facilitate those who are interested in applying the PLATON methodology
in their class as well as share it with their colleagues. It includes, the PLATON methodology, all the
training materials you will need, tips, examples of use and success stories from the PLATON schools
that participated in the project. We hope that you enjoy going through it and that you find it useful!
Yours sincerely,
The PLATON team
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INTRODUCTION
What is PLATON?
PLATON is an international project in the field of innovation in Education, co-funded by the Erasmus+
Agency of the European Union, which involves 6 partners from 6 different countries: Portugal, Greece,
United Kingdom, Cyprus, Spain and Sweden.
The goal of the project is to provide teachers and the educational community as a whole with an
effective and coherent teacher training framework that engages teachers of primary and secondary
education in innovative practices. This teacher training framework focuses on the following:
• Promoting student-centred approaches;
• Creating a collaborative holistic and interdisciplinary approach in school;
• Focusing on the use of ICT (online labs, game-based applications, e-tools, etc);
• Supporting teachers to increase motivation and self-confidence.
As a result of our work, we produced a series of toolkits related to Interdisciplinary
Learning, Inquiry-Based Learning and Deep-learning assessment for the 21st century which will be
described in detail throughout this book, and which you can find in our website: platon-project.eu
Note: We chose not to aggregate all our tools in this book as it would make it too long and too planet
unfriendly in its printed version. For this reason, throughout this book you will find a series of QR Codes
which you can “read” using a QR Code reading app on your smartphone. These will lead you to our tools
and materials. You can find several free apps that read these codes. Just open your app store and right “QR
Code” on the search bar and choose the one you prefer.

The PLATON e-Agorá
The Ancient Agora of Athens was a central spot in the ancient Greek city-state of Athens. The literal
meaning of the word is ‘gathering place’ or ‘assembly’. The Agora was the centre of athletic, artistic,
spiritual and political life of the city. Scientific theory is also known to have its start in the agora,
where the city’s greatest minds regularly met informally to socialize. Socrates, Plato and Aristotle all
frequented the Athenian Agora, discussed philosophy and instructed pupils there.
Inspired by the ancient Agora of Athens, the PLATON e-Agorá is the heart of PLATON. It is the central e-learning
infrastructure of our project where all the components and outputs have been put together and are orchestrated
so as to form a meaningful complete and well-structured entity. All the tools and learning materials presented in
this book can be found in the different sections of the PLATON e-Agorá. http://platon-project.eu
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The PLATON methodology: Working with Interdisciplinary and InquiryBased Learning (WIIL)
WIIL may stand as the acronym for Working with Interdisciplinary and Inquiry-Based Learning but it
is not only that. WIIL resembles the word “Will”, which means the desire the to do something. So,
we named our methodology WIIL as a way of demonstrating that the ultimate goal of our work is to
provide you with the tools that will make you want to innovate and update your practices. Instead of
overly complex definitions and training frameworks, we created a simple, completely guided, step-bystep, progressive framework through which you will be able to bring innovation in your class as a series
of small adaptations. You won’t even feel that you had to step too much out of your comfort zone.
As it is also stated in the title of our methodology, WIIL has two basic strands: interdisciplinary
learning and inquiry-based learning. We introduce these two strands individually at first and then
move to a blended integrated approach. These two strands do not stand alone. They are supported
by an assessment toolkit that focuses on the assessment of the 21st century skills and a set of in-class
activities (including both short-term and long-term) that follow our methodology.

Assessment
tools

Interdisciplinary
Learning

In-class
Activities

Inquiry
Learning
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1. WIIL 101: Interdisciplinary learning
1.1

Introduction to interdisciplinary learning

“Once upon a time there was an acorn that fell of a tree and rolled on the ground, it kept rolling for about
1 kilometre and then it entered a whole where it found some other acorns. The end”.
The world we live in is composed of a set of events, processes, systems, etc. that work in an
interdependent way, which together create everything we see, experience, sense, believe, etc.
Although it might be true that each of the processes that constitute life and the world around us can
be analysed and explained, in isolation, none of them would make sense, or be enough to explain the
whole. Life makes sense in its holistic way and not as a set of isolated processes. Wouldn’t you agree?
Would you ever want to hear a story like the one written above? Is it interesting to you? Do you
understand all the cause and effect interactions and the bigger picture of what is happening with the
acorn and why it matters? Maybe you could memorize this story because someone said you had to
and keep telling it to people until you didn’t care about it anymore, because it has no importance to
you, and it would be one of those pieces of information that got a ride in your brain and faded to be
gone forever. Although this should not be overly generalized, this is what happens with a lot of the
information that teachers transfer to their students in school, which they memorize for a few moments
and forget very quickly, because they don’t see any reason why they should hold on to an isolated,
uncontextualized and uninteresting piece of information.
What if the story went like this:
“Once upon a time there was a squirrel. This squirrel was very very hungry and could only think about
eating a very good, caramel tasting acorn. Nham! It was his very favourite food in the world. He was resting
in an oak when a little kid appeared and for no apparent reason decided to shake the tree. After he shook
it a few times, many acorns started falling. The squirrel was a bit upset from the behavior of the little boy,
but after the boy left, he noticed all the acorns that were left on the ground. He looked around, to see if
it was safe to come down. When he felt safe, he went down and ate all the acorns he could eat. After he
finished he was glad to see that one acorn was still there next to him. He thought he should save it for
winter, so he kicked it and kicked it and kicked it until it rolled over the mountain and reached his acorn
hiding spot. He dug his whole and put the acorn together with the other ones he had saved that month. You
know, in winter the trees have no acorns to provide for this little squirrel and it can be very lonely, difficult
and hungry. So, this squirrel hides all the acorns he can, to be safe and fed in winter. If things turn out ok
for him, in winter he will remember this hiding spot and will be able to find it untouched by other animals.”
Do you see a difference in the way the story about the acorn journey was
told? While it is true that it became more complex and used more words, it
also became a story that has a greater chance of being relevant for anyone
who reads it. Using this story, we can still give a special focus to the path of
that one acorn, as we did before, but we can also add focus to many other
relevant topics like, the habits of the squirrel, the importance of oaks, the
nutritional value of acorns, the interaction between humans and squirrel, the
human behavior toward trees, etc. Different experts could work together on
this story and use it for different purposes, never losing the bigger picture. 
So, which story would you rather tell? This is a very simple example of the difference between transmitting
any information in an isolated or contextualized way. It aims at creating a simple introduction to the
importance of interdisciplinary learning in the school.
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1.2

Interdisciplinarity in the school

The very first “school” of a human being is the world and the environment it is born into. In this “school”,
everything we learn comes with a context, a full story that provides us with a complex network of
interactions, even if we don’t notice them. We are natural active learners prepared to grasp all that is
around us and make sense out of it. Our brain is prepared for this natural way of learning and it knows
how to accommodate contextualized knowledge in a way that it becomes durable and transferrable to
other situations. However, during the past few decades, schools have been calling children into only
memorizing full lists of information that come with no context, no meaningful connection to other
subjects and no relation to their daily-lives. Students are given the impression that they only have to
memorize certain topics in order to pass the tests and exams and afterwards the majority forgets a large
proportion of what was learnt. Interdisciplinary learning, instead, brings students the opportunity to
learn different topics in connection to each other and to their daily lives, providing context and giving
meaning to an otherwise apparent useless piece of information.
Interdisciplinary learning in the school can be defined as an approach that integrates two or more
subject domains in a way that creates a meaningful and contextualized scenario, and which increases
the understanding of each of the subjects involved as well as their connections. Due to its artificial
separation, it is clear that one single subject domain is incapable of providing the proper understanding
of the complex natural systems that compose our world. Different disciplines are not isolated from each
other and yet in school they are taught as completely different and unconnected domains. Separating
disciplines in such a way creates an unreal demonstration of the real world, while at the same time,
by providing no meaningful context, promotes student disengagement and alienation from school.
This traditional teacher-centred approaches also provides students with the idea that knowledge (in
science and other disciplines) is something unconnected, abstract, stagnant and unquestionable, which
is something very far from reality.

1.3

The Big Ideas of Science

In the previous sections of this chapter we presented a discussion on how the knowledge taught
in school has been categorized, separated and turned into something quite artificial that does not
represent the real world. Moreover, the teacher-centred model that is very common in schools, turns
them into knowledge deploying centres where students have no experience or contact with the real
world nor with contemporary research. Several researches point to the benefit of including new
methodologies like Interdisciplinarity and Inquiry-Based Learning (more on this is the next chapter) in
the teaching practice as a way of shifting to a student-centred approach that meets the requirements
of this fast-developing world we are living in.
When talking about interdisciplinary learning, first we must keep in mind that there are several levels of
interweaving different subject domains. A first level would be to make connections between concepts
coming from the same domain (for example physics). A second level would be to connect concepts
coming from different subject domains (for example physics and chemistry). A third level would
be to connect concepts coming from different disciplines (for example natural sciences and social
sciences). Thus, as one can imagine, the topic of interdisciplinary learning is quite vast, multifaceted
and complicated. It cannot be achieved in a short period of time and not all at once.
In PLATON we are focusing of making science teaching interdisciplinary (first and second level as
presented above). That is to help science teachers connect the different science disciplines and present
concepts to students using a more holistic approach (science as a whole). To achieve that, PLATON is
proposing the use of what we call the “Big Ideas of Science” (BIS). The BIS are a set of core, crosscutting ideas that to their total describe the world around us.
The concept of using a set of core science ideas to promote interdisciplinary learning has been around
for a few years but it is relatively new and has not yet found its way to schools across Europe. In 2010,
a group of ten international experts set out to outline the principles that they believed should support
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science education of all students throughout their school life. They described 14 different Big Ideas of
Science, 10 of which were ideas of science and 4 were ideas about science (Harlen, 2010). The United
States of America are already using a similar approach; the “Next Generation Science Standards” (NGSS,
http://www.nextgenscience.org/), a set of core cross-cutting science ideas which aim to arrange the
science concepts in a coherent way not only across disciplines but also across school grades. The final
draft of the NGSS standards was published in April 2013 (Robelen, 2013).
In 2014 the Go-Lab project team introduced the idea of organizing science digital tools and content
using a set of eight BIS in order to promote interdisciplinary learning. The set of BIS used in the Go-Lab
project was produced after reviewing a number of similar sets of science ideas, including Harlen’s set
produced in 2010 (Dikke, 2014). This set of BIS was then updated to produce a second version after a
series of validation workshops where 93 teachers from Europe participated (Zervas, 2014). The final
set of BIS, presented in 2016, was validated by 352 teachers from all over Europe and reviewed by 18
stakeholders from all over the world (Tsourlidaki, 2016).
The team that produced the “Big Ideas of Science” set for the Go-Lab project, which is also part of the
PLATON team, seeing its potential in promoting interdisciplinary learning decided to build upon its
work and take it a step further in the framework of the PLATON project, making the BIS one of the
cornerstones of WIIL.
Below, we present the “Big Ideas of Science” set that PLATON is using to promote interdisciplinary
learning. Each idea is comprised of a core sentence which contains the essence of the idea and an
additional explanatory part:
1. Energy can neither be created nor destroyed.
It can only be transformed from one form to another. The transformation of energy can lead
to a change in state or motion. Energy can also be converted to mass and vice versa.
2. There are four fundamental interactions/ forces in nature.
	Gravitation, electromagnetism, strong-nuclear and weak nuclear forces. All phenomena are
due to the presence of one or more of these interactions. Forces act on objects and can act at
a distance through respective physical field, causing a change in motion or in the state of matter.
3. Earth is a very small part of the universe.
 he Universe is comprised of billions of galaxies, each of which contains billions of stars (suns)
T
and other celestial objects. The earth is a small part of the solar system with the Sun in its
center, which in turn is a very small part of the Universe.
4. All matter in the Universe is made of very small particles.
 hey are in constant motion and the bonds between them are formed by interactions between
T
them. Elementary particles as we know, form atoms and atoms form molecules. There is a
finite number of types of atoms in the universe which are the elements in the periodic table.
5. In very small scales, our world is subjected to the laws of quantum mechanics.
 ll matter and radiation exhibit both wave and particle properties. We cannot simultaneously
A
know the position and the momentum of a particle.
	
6. Evolution is the basis for both the unity of life and the biodiversity of organisms (living
and extinct).
	Organisms pass on genetic information from one generation to another.
6. Cells are the fundamental unit of life.
	They require a supply of energy and materials. All life forms on our planet are based on this
common key component.
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8. Earth is a system of systems which influences and is influenced by life on the planet.
	The processes occurring within this system influence the evolution of our planet, shapes its
climate and surface. The solar system also influences Earth and life on the planet.

1.4

PLATON’s use of the Big Ideas of Science

Most teachers and researchers agree that about 90% of the knowledge students acquire during
their school life is lost. The 10% of knowledge that remains with them are mostly scattered pieces
of information that are usually of no use. Especially in science, this is one of the reasons why people
perceive it to be disconnected to their everyday life. So, what if we could handle that 10% of knowledge
and make sure that it is a meaningful bundle?
When it comes to science, what are the fundamental core concepts
everybody needs to know after finishing school?
This is where the Big Ideas of Science come into play. They represent that 10% of knowledge. It is our
belief that the BIS represent an effective and easy solution to overcome this situation as they can
function as the most general ideas behind science concepts and through which the different topics can
be connected. In PLATON we set out to find a way to ensure that by the time students finish school,
they at least remember those eight fundamental ideas. The basic principle of how to do this is simple
and it is based on repetition. If every time a teacher introduced a new knowledge he/she were to make
connections to the respective BIS, that would mean that students would keep coming back to these
ideas. The revisiting of the same set core of ideas can increase knowledge retention and potentially
increase significantly the chances of students truly learning these core ideas in depth.
In addition, introducing the BIS can help teachers to easily establish the connections necessary for
an interdisciplinary approach in class and also save time in their extensive curricula by establishing
collaborations with colleagues from different subject domains where teaching common concepts
together (from different points of view) becomes possible. Also, by having one or more BIS as a
reference, and returning to it/them every time a new concept is introduced, we aim at increasing
students’ knowledge retention, not only of the core ideas but also of individual smaller concepts
by helping them to find connections with other topics and with their previous knowledge, thus
experiencing a more effective learning process.
Although the basic principle is simple, it is not so simple to put it in practice. Teachers would need
to be in position to make meaningful paths of learning from each concept they use to the respective
BIS by also taking to consideration other science concepts coming from different disciplines.
In order to establish this interdisciplinarity way of teaching, teachers need to be aware of the
meaningful patterns of information through which the different topics they teach are connected.
However, to achieve this, it often means that teachers need to spend a great amount of time
studying and increasing their knowledge in the different topics they teach as well as topics from
other subjects which they don’t usually teach, in order to find connections. Not only is this very
time consuming, it can also create the sense of insecurity to the teacher, which leads to giving up
and prolonging traditional practices. Considering this, in PLATON we are continuing the work that
started during the Go-Lab project on the BIS and taking it a step further. Our aim in PLATON was
to setup a detailed methodology that will allow teachers to communicate the BIS to students of all
grades and use them as a backbone structure that will allow the connection of different concepts
coming from different science disciplines. To achieve this aim, we had to work on two different
directions:
a) Revisit the BIS and rewrite them so that they are apt for use from younger students;
b) Create a network of concepts based on the BIS that will allow students and teachers to easily find
connections between science concepts coming from different disciplines.
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1.5

Introducing the Big Ideas of Science for all grades

The BIS as presented above are the core ideas we wish our students to have consolidated by the time they
finish high school. That makes them suitable for use with students between 15 and 18 years old. In order to
make the BIS suitable for use for all school grades we kept the core sentences the same and changed the
accompanying explanatory part accordingly. We produced two additional descriptions for each of them, to
support three different levels of complexity, of which teachers can choose according to students’ familiarity
with the concept. In each level we attributed a reference age, however it only serves as a reference for
teachers who don’t know which level to choose. The two additional versions are the following:
Version for ages 12 to 15
When energy is transformed from one form to another, its total amount
remains constant. The transfer of energy from one body (or system) to another
or a change in its form can cause a change in state or motion. The amount of
energy transferred or transformed during a motion is called work.
Energy can neither be
created nor destroyed.

There are four
fundamental
interactions/forces in
nature: gravitation,
electromagnetism,
strong nuclear and
weak nuclear forces.

Version for ages 9 to 12
Energy is what makes every change possible throughout the universe. Energy can
have many faces (forms) and it can be transferred from one body or system to another.
However, its total amount remains constant. It cannot be created or destroyed.
Version for ages 12 to 15
Gravity and electromagnetism are the two forces whose effects are most
evident to us. These two forces are responsible for the majority of motions in
the universe. The motion of an object depends on how a force acts on it.
Version for ages 9 to 12
When a force acts on an object it can change its shape or its state of motion. We
cannot see forces, but we can understand them by their effects. An object can
have an effect on another through a force, either by being in contact with it or
from a distance. There is a limited number of forces in our universe.
Version for ages 12 to 15
The Sun is the star of our solar system and it is around 100 times larger in diameter than
Earth. The closest star to the sun is a bit over 4 light year away. Our galaxy has billions of
stars, some smaller and some bigger than our Sun. There are billions of galaxies in our
universe which besides stars, include many other types of objects as well.

Earth is a very small
part of the universe.

Version for ages 9 to 12
Earth and the other planets orbit around the Sun. The Sun is the star of our
solar system and it is around 100 times larger than Earth. There are billions of
stars like our Sun in the universe.
Version for ages 12 to 15
There is a finite number of elements and they are all presented in the periodic table.
Atoms and molecules form new bonds through chemical reactions. Molecules that
are based on carbon are fundamental for life and they are called organic molecules.

All matter in the
Universe is made of
very small particles.

Version for ages 9 to 12
All matter in the universe is made of the same elementary particles called quarks and
electrons. Quarks make up protons and neutrons. Protons, neutrons and electrons
combine in different ways and they make different atoms (elements). Atoms make
up molecules. All matter is in constant motion and depending on the intensity of the
motion it can be found in three different states: solid, liquid or gas.

13

ROADMAP TOWARDS INNOVATION

At very small scales,
our world is subjected
to the laws of quantum
mechanics.

Evolution
is the basis for both
the unity of life
and the biodiversity
of organisms
(living and extinct).

Cells are
the fundamental
unit of life.

Earth is a system
of systems which
influences and is
influenced by life on
the planet.

14

Version for ages 12 to 15
Light (electromagnetic radiation) behaves like a wave but it can also behave
as a stream of particles carrying packs of energy called quanta. At small scales
particles can also act as quantum waves.
Version for ages 9 to 12
Quantum mechanics studies what happens inside atoms. Matter in the
microcosm behaves different than in the macrocosm.
Version for ages 12 to 15
All organisms evolved from a common ancestor. Through mutations of DNA,
new traits can appear in organisms. The organisms that are best adapted to their
environment survive and pass on their traits to their descendants.
Version for ages 9 to 12
Organisms change over generations and develop traits and skills that help them
survive. All the genetic information of an organism is stored in the DNA, which
is found in the nucleus of each cell. The DNA is responsible for passing genetic
information from one generation to another (inheritance).
Version for ages 12 to 15
The cell is the basic structural and functional unit of life. It can reproduce,
breath, develop and produce a variation of products. Plants and animals are
made of cells that form organs and systems. Cells require energy which they
find through the processing of organic and/or inorganic matter.
Version for ages 9 to 12
Every living organism is made of cells. There are many types of cells which have
different purposes.
Version for ages 12 to 15
Earth is ever-changing due to the constant flow of energy and radiation from the
Sun, as well as due to the unchanging processes on Earth. All living organisms
affect the Earth and are affected by it.
Version for ages 9 to 12
Our Earth, its climate and surface are influenced by natural phenomena and all
living organisms. All living organisms are affected by everything that happens
on our planet.

ROADMAP TOWARDS INNOVATION

1.6

PLATON’s 3D Interdisciplinary Map of Science Ideas

The 3D Interdisciplinary Map of Science Ideas is that network of concepts we mentioned above. It is a
tool through which the Big Ideas of Science could serve as a “backbone structure” that organizes the
fundamental concepts and principles that allow students and teachers to find connections between
the topics taught, previous knowledge and phenomena present in everyday life as well as to establish
a collaboration with colleagues from different disciplines and grade levels. It is primarily designed to
save teachers time to go through the large number of curricular topics in order to identify common
ground and concepts and help them introduce interdisciplinarity in their class.
To achieve the connection between the BIS and the concepts taught in schools we had to make an
intuitive path from the topics taught in school to the Big Ideas to which they are connected. For this
purpose, we started with the review of the curricula from six different countries involved in the project
(Portugal, Greece, Spain, Cyprus, UK and Finland) and identified common topics taught in them and the
disciplines in which they are taught. We identified 86 common topics and called them the Small Ideas
of Science (SIS). As however, it felt like a big lip to jump from the Small Ideas of Science to the Big
Ideas of Science, we created a second set of 21 more abstract ideas that could act as a bridge between
them and we called them the Intermediate Ideas of Science (IIS). To produce this intermediate
level, we based our work on the review of the NGSS mentioned at the beginning of this chapter. Each
intermediate idea of science can be considered as a “sub-idea” of a Big Idea of Science and includes
several small ideas. Thus, we created a mind map that establishes connections on 3 different levels:
Level 1: Big Ideas of Science – 8 ideas (BIS)
Level 2: Intermediate Ideas of Science – 21 elements (IIS)
Level 3: Small Ideas of Science – 86 elements (SIS)

The 86 SIS are our map’s direct link to the school curricula and they are the starting point of any
learning path. They represent the core of the map which contains information about which main BIS
and which IIS it belongs to and to which other BIS it can be related. The path of ideas, however, is only
one of the dimensions of our map. Out team also analysed all concepts and identified for each of them
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connections to other subject domains (second dimension) and the grades in which it is taught (third
dimension).
IDEAS
OF SCIENCE
1D BIG

SUBJECT
DOMAINS

2D

3D SCHOOL
GRADES

So, to sum-up, our team revisited the BIS and produced two additional versions suitable for younger
students. In addition, the BIS were broken down into smaller ones (IIS) and those to even smaller ones
(SIS) so as to help teachers create meaningful paths of ideas. Finally, we analysed each SIS and found
connections of it to subject domains other the one where it is commonly taught and to other school
grades to inspire teachers to use them within interdisciplinary episodes of learning. All this work is
summed up in our 3D interdisciplinary map of Science ideas.

In the PLATON e-Agorá, you will find the interactive form of the 3D map. You can use a search engine
through which you can find all the relevant cards connected to a specific Big Idea of Science or a Subject
domain, as in the example below. By clicking on each card, you will see a description of the small idea,
how it is connected to other big ideas, the connections to other subject domains and the school grades
it is taught in. Mind that school grades appears in the form of age ranges, as for different countries
school grades correspond to different ages.
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In addition, in this part of the e-Agorá, you will also find all the different components of the map
in greater detail, explanatory videos and documents as well as a printable more compact version of
the map. In the image below, you can a see a flip-card of the printable (more compact) version of the
Interdisciplinary Map of Science Ideas. You can see that the icons that are highlighted in colour are the
ones that represent the connections. More specifically, in the front of the card you see that the Small
Idea “Biodiversity and Humans” is mainly related to the Big Idea “Evolution” but it also related to the Big
Ideas “Cell” and “Earth” and it is taught under the framework of “Environmental Sciences” and “Biology”
(the options being “Chemistry”, “Environmental Sciences”, “Physics” and “Biology”, respectively). On
the back of the card you can see a brief description of the Small Idea and the Intermediate Idea of
Science to which it relates, as well as a description of that Intermediate Idea.

Through this map, teachers can discover a way of introducing any stand-alone topic in an interdisciplinary
approach by making connections to topics that are taught in other subjects, which are related to the
same Big and/or Intermediate Idea(s), establishing a collaboration with teachers from those subject
domains and finding an easier way to elaborate on the connections between what is taught and
students’ interests and daily lives.
For example, the topics “chemical reactions” that is taught in chemistry and “electric current” that is
taught in physics are both concepts that exist due to electromagnetic interactions. Although these two
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subjects are discussed in different disciplines and appear to be unconnected at first sight in the eyes of
students, they in fact share the same driving force. By using the map, the chemistry and physics teacher
can discover that the topics they are teaching are in fact connected through the Big Idea of Science
“Forces” and can establish a collaboration in several different ways:
• Organize their curricula to teach the connected topics in the same week/month/period;
• Include a reference to the Big Idea of Science to which the topics are connected and mention each
other’s class when teaching the topic in order to establish an interdisciplinary approach;
• Organize a collaborative approach in which only one of the teacher introduces the topic and the other
one develops it;
• Create an activity that uses both connected topics and implement it in both classes;
• Work together and create an activity where both work with the students at the same time in an
interdisciplinary project;
These are only some examples of possible collaboration between teachers, but there are more
opportunities out there for you to discover. Being creative is always the best way to go!
While doing this, teachers are allowing their students to understand how the same interaction can be
the reason behind completely different phenomena and how these phenomena can be connected to
multiple aspects of our daily lives. This can show students how multifaceted and complex the principles
and laws of nature can be and how infinite are the applications of the knowledge they receive in school
in their daily lives.

1.7

How to use the 3D Interdisciplinary Map of Science Ideas

Implementing Interdisciplinary learning in the school

Although interdisciplinarity has been acknowledged as beneficial and most teachers seem to agree
that it is something that needs to be integrated in the school, it has also been the target of many
misconceptions and challenges. Firstly, interdisciplinarity needs to be well-defined in order to be
coherently and consistently implemented. Additionally, it seems that teachers need to discover tools
and methods that will prevent them from feeling lost when trying to use interdisciplinarity in their
class. Teachers lack of confidence in using interdisciplinary learning methods is often due to several
reasons: they may not be comfortable enough with the knowledge they are transmitting, which makes
it more challenging to find the necessary connections with other topics; due to insecurity related to
establishing a collaboration with colleagues from different disciplines and/or grade levels, in cases
where this is required; or lacking strategies to assess students in an interdisciplinary learning framework
(more about assessment in chapter 3).
WIIL’s tools facilitate teachers’ understanding of interdisciplinarity and help its implementation in the
school either from individual teachers as well as through collaboration with colleagues from the same
or different subject domains and grade levels.

Using the Map on the spot

You can use the 3D map at any given time in your class. It is always good to make a reference to related
ideas and the bigger picture every time you wrap-up a subject. To do that we propose you follow the
steps below:
1. Think about which Big Idea the subject you are teaching belongs to;
2. Visit the Small Ideas of Science map in the PLATON e-Agorá;
3. In the search engine, select the Big Idea you chose in the respective field;
4. Browse through the elements that will appear and select the ones you believe are related to the
subject you are teaching;
5. Read the content of the selected elements to make a connection of the subject at hand with other
Big Ideas and the concepts they encompass.
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Collaborating with your colleagues

Interdisciplinary learning requires the collaboration of teachers who teach in the same school unit. In
order to start working collaboratively you need to do 3 things:
– Familiarize yourselves with each other’s teaching subjects;
– Identify common ground (science concepts) between the topics you teach;
– Discuss about how you can make use of that common ground to promote interdisciplinary learning.
You can follow the steps below to promote interdisciplinary learning in your school.
STEP 1: Start by using the 3D map individually and identify which of its elements appear in your teaching
program and make a list. Use the map to check in which other disciplines these elements appear
or are needed as background knowledge.
STEP 2: Organize a meeting with all the involved teachers from your school and compare your lists.
Using the 3D map, identify which elements you have in common, or if elements from other
teachers’ lists are prerequisites or could support you as background knowledge when teaching
another element or concept. Feel free to discuss with your colleagues, any elements from your
lists that you may not feel very comfortable with or confident about their content.
STEP 3: Discuss how common elements or connected elements can be used in your classes in order to
make them more interdisciplinary. Discuss in which cases and under which teaching subjects
you can make references to each other’s classes and concepts other teachers teach in their
classes.
STEP 4: K
 eep coordinated throughout the year. Every now and then, whenever you as a team fill it’s
necessary, arrange a short meeting to discuss about which references you have already made
or which ones you plan to make in the near future. See if you, as a team, can manage to go a
step further and even work together in the same activities.

Showing your students the Bigger Picture

The Big Ideas of Science aim to serve as a reference system. A backbone structure to which all students
can refer to every time they learn something new and make connections to Big Ideas and through them,
to other smaller ones. Every time you wrap up the teaching of any given subject, use the respective
element from the 3D map, check under which Big Idea it is, and to which others it is connected to, and
spend 5 to 10 minutes with your students to put what they’ve learned in a bigger perspective. Present
and discuss with them briefly, the Big Idea and the Intermediate Idea of Science each small idea is under.
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2. WIIL 102: Inquiry learning: Inquiry Under the
Microscope toolkit
2.1

Introduction to Inquiry-Based Learning

Did you ever notice how a baby interacts with the
world? Does it look around with certainty in the
eyes, or with a puzzled face trying to touch,
smell and taste everything, as if all the answers
of the world could be found by doing this? Did
you ever notice how a toddler walks around in
nature and stops every second to grab a stick
and a rock, shake it, through it, break it, maybe
even taste it? We often tend to tell them to just
keep walking or take it off their mouth or that it
is dirty, but did you ever stop to think that they
are simply using the scientific method to learn
about the world?
Whenever a baby explores, it uses the same steps as the scientific method. It starts with a question
and possibly a hypothesis. Something like “if I open my hand, this object will fall”. Then the baby opens
the hand and discovers that the object falls. The baby concludes that the hypothesis was correct based
on the experiment of opening the hand. He/she might try it a few more times just to be sure. After
this, possibly someone will grab the object and deliver it back to the baby. This may originate a new
hypothesis: “If this object falls, someone will pick it up and give it back to me”. So, the baby repeats
the experiment to see what happens. Depending on the behaviour of the person nearby, the baby will
conclude if the hypothesis was correct (the adult picks the object) or incorrect (the adult doesn’t pick
up the object). The baby keeps on exploring and making new hypotheses and experiments until it is too
hungry or sleepy to keep doing it and starts again as soon as it is comfortable again.
It seems that we might be born with a scientific brain and a very powerful motivation to learn and discover
about the world by experimenting and trying. However, this motivation and need for discovery is often lost
as we grow older. In the OECD report from 2006 it is stated that although children are born with a natural
curiosity and inquiry mind, we are noticing a large decrease in students’ interest for science and technology
fields in many European countries. One of the main reasons highlighted in this report and in the “Science
Education Now” document by the European Commission in 2007 is the choice of poor science education
methods by teachers. Either due to the lack of training or self-confidence by the teacher and/or the choice
of traditional lecturing methods that aim at promoting memorization instead of real understanding of the
scientific processes. Both important documents refer to the importance of a reform on the science teaching
paradigm with the inclusion of more hands-on and inquiry-based methods.
Although it can be explained in very different and varyingly complex ways, inquiry-based learning is
simply the rescue of the student’s natural curiosity and ability to explore the world and learn about it.
In a more technical way of explaining it, inquiry-based learning is the process during which the teacher
gives the student the opportunity to feel curious and experience the scientific method; beginning
with a question, making hypotheses, exploring the environment and reaching a conclusion. Instead of
sitting in a chair for hours looking at a teacher talking, it aims at giving the floor to students and help
them re-discover the power of feeling curious and discovering the answers by themselves.
Inquiry-based methods can help swift the impact of school education on young adults leaving K-12
education and equip them with skills like critical thinking and problem-solving, working collaboratively,
communicating and being creative. These skills, known as the 4C’s (Critical -thinking, Collaboration,
Communication, Creativity) of the 21st century skills and are now recognized to be a valuable and
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fundamental acquisitions in the fast-developing world were students will be facing new jobs and
careers that we do not yet imagine. As it is written on the White Paper on the Future of Europe (2017):
“It is likely that most children entering primary school today will end up working
in new job types that do not yet exist”.
As such, updating the teachers’ practices to student-centred ones, like inquiry-based learning
and investing on the development of skills, instead of the acquisition of a specific list of pieces of
knowledge, seems to be a valuable way of providing students with the ability of leaving school with
a full set of skills and competences as well as a strong self-confidence to succeed in whatever future
they may pursuit.

2.2

PLATON’s approach to inquiry

The term Inquiry-Based Learning (IBL) is probably nothing new to a you.
Actually, during the past decade, it has become something very common and
wide spread. If you find yourself in a room full of teachers, only a few will
claim to have never heard about it before, and the majority will say that they
have heard about it even if they don’t really implement it entirely. If you ask
teachers why they don’t implement it, the most common problem that they
present is time constraints, the lack of self-confidence in using it and the
difficulty that comes from assessing students when using this type of teaching.
Although there are several open repositories that provide teachers with inquiry
activities, they often find them difficult to implement, as they require more time than they have at their
disposal for teaching a given subject. As a result, teachers implement inquiry activities once or twice a year
in their school class, but beyond that, many of them continue to teach using more traditional methods in
their everyday classes.
Moreover, most training courses which aim to introduce inquiry-based learning, focus on presenting to
teachers a holistic inquiry approach giving them little information about how to use individual inquiry
components in their everyday classes. In this holistic approach teachers are expected to enact all the inquiry
phases (starting from an orientation phase, followed by conceptualization, investigation, discussion and
conclusions phases) and their associated components sequentially within one or two teaching sessions
(which usually requires more than that). This usually restricts teachers, especially those who do not have
former experience with inquiry, from understanding the content of each phase to its fullest and which are
the basic components that make each of these phases part of a true inquiry. Instead, giving the opportunity
to teachers to work with one phase at a time, along with its constituent components, and introducing them
gradually could offer them the opportunity to focus on specific inquiry components each time and thus
better understand the requirements of each part of the inquiry. This gradual examination of phases, along
with its constituent components, can help teachers to change their teaching approach as a whole, better
understand the inquiry process, both per phase and as a whole, and to implement it in a more efficient and
knowledgeable manner in their everyday classes even when they have very limited time.
In PLATON we created a teacher training framework in which inquiry is not only treated as a stepby-step scenario (often called the inquiry cycle) to be followed but primarily as a set of stand-alone
practices that to their total can facilitate teachers to use inquiry effectively in their everyday teaching
and not just once or twice per year. Thus, in WIIL we’ve broken down inquiry into in a series of different
components (or practices) and we present them to teachers one by one. Each of these practices can be
deployed in class at any given point to handle a situation and manage the flow of the lesson. This is also
why we call this strand of WIIL, “Inquiry under the microscope”. Because we dissect inquiry and look at it
in detail and not necessarily as a whole activity. As you will see later, PLATON also provides some complete
inquiry activities, but it’s main contribution lies with the deeper approach in which we handle each component
of inquiry.
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2.3

Inquiry Under the Microscope toolkit

In the framework of WIIL, we created our teacher’s toolkit that would serve as
an all-time support for the teacher when implementing each component. Our
toolkit includes:
a) a set of flip cards where each inquiry component is discussed;
b) a training workshop on each component to help teachers deepen their
understanding on each of them;
c) a guide on how to use the inquiry components in class;
d) an online training course on inquiry;
e) a teacher’s reflection tool;
f) a presentation of a full inquiry cycle.

The PLATON inquiry components

As mentioned before, Inquiry-Based Learning has been somewhat the “angel and demon” of the
teachers that want to update their methods. From one perspective, teachers believe that it is the
ideal methodology to innovate, improve and solve some major educational problems, like students’
disengagement and lack of interest in learning. From another perspective however, teachers find
themselves pulled too much out of their comfort zones, spending too much curricular time, feeling
lost, pressed and insecure.
Knowing that this is simply a misconception originated from overly complicated teacher training
methodologies and the idea that in order to do inquiry you must always follow all the steps of an
inquiry cycle, in PLATON we aimed to solve this problem with what we called the “Inquiry Under
the Microscope toolkit”. As the name implies, we looked at inquiry in detail (as if we were using a
microscope) and discovered that it could be broken down into separate and self-sustainable “pieces”,
or as we called them, components or practices. We figured that if teachers started introducing inquiry
in a step-by-step way, one component at a time, as a series of small adaptations, they would find a
comfortable and easy way to introduce inquiry in their practice at their own pace. Let’s have a first look
at those components:

The PLATON inquiry components
1. Setting the scene
2. Refreshing prior knowledge
3. Wondering about how something works
4. Thinking about how to test hypotheses
5. Doing research and collecting data
6. Interpreting data and drawing conclusions
7. Comparing conclusions to hypothesis and existing theory
8. Reviewing and reflecting on what has been done
9. Discussing and connecting with everyday life
At a first glance, these components look like they are in fact steps of an inquiry process. Indeed,
these components could be handled like that in an activity (and grouped together to form an inquiry
cycle) but they are more than that. Each of these components can be used at any given time in class
to foster inquiry. For example, component #1, ‘Setting the scene’ is something that a teacher would
do when first introducing a new concept. However, in a class this component can be used many times
when a student asks a question. It is often the case that students ask questions that if put in the right
framework, they are able to answer by themselves. So, if the teachers instead of directly answering the
question, provides the student with a suitable framework (through an example for instance), then the
student can probably answer the question on his/her own. That small scene for an everyday class is a
little piece of inquiry.
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In another example, component #5 could in principal only refer to the experimental part of an activity.
However, students may need to do some small research and collect some data, in other cases as well.
For example, when they have a doubt about a principal they had learned in the past and they are not
sure if it is applicable in the subject they are investigating.
In other words, these practices or components aim to help teachers change not only how they introduce
a subject, but also change the way they respond to students’ questions, expectations and needs during
the class. Thus we aim to guide teachers to move step-by-step from a teacher-centred approach where
the teacher has all the answers and is in charge of telling the students exactly what to do to a studentcentred approach, where the teacher merely guides and encourages the students to make their own
way through learning, discover knowledge on their own and be self-confident in taking responsibilities
and initiative.
Our challenge for teachers is the following: Examine each component carefully and discover which
of them you are already implementing in class (even if you weren’t aware of it before). Then, choose
one of the other components and start working on it in your classes until you feel you are fully
implementing it. After that component is sustainably integrated in your practice, choose another one,
and then another one. Before you know it, you will be implementing inquiry as a whole, without even
feeling you are going out of your comfort zone.

This methodology allows teachers to start by rethinking their way of teaching and the way they
collaborate with other teachers, and then, continue with making alterations by adding inquiry
components gradually, one after the other, into their everyday teaching. Moreover, this enables
teachers to progressively shift from a teacher-centred approach to an inquiry learning approach, in
a way that constitutes the foundations needed for implementing inquiry into everyday classroom
settings.

The PLATON flip cards on inquiry

The PLATON inquiry flip cards were designed so that teachers could have all the components handy
(in a pocket sort of version) and refer to them even during class or when preparing for a class without
having to go through a long document.
Each flip card includes a brief explanation of the component, a practical example, as well as some
tips to help with the use of this component. In addition, for each of our inquiry component we identified
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the respective traditional teaching practices that could be altered to fine-tune the teachers’ lessons
and trigger them to adapt to inquiry-based teaching. Finally, each flip card also includes a brief text
explaining why there is a need to change from traditional practices to inquiry. Bellow you can see the
result that came out of this research.

Inquiry Component 1: Setting the Scene
Traditional Practices:

Mentioning simply the topic and continuing with the rest of the activities.

Why is there a need to change?

GENERATE YOUR STUDENTS’ NEED TO LEARN SOMETHING NEW!
Introduction is the key to spark students’ curiosity and motivation to learn and actively participate
in the activities. Curiosity is what inspires students to look into something new. Thus, every
introduction to a new topic should spark students’ curiosity through a challenging, interesting and
meaningful way. Remember that sparking students’ curiosity on a continuous basis is what nurtures
the notion of lifelong learning, which in turn leads to informed, productive and responsible citizens.

Inquiry Practices:

• You can choose to introduce a topic based on students’ interests, daily lives and prior knowledge.
• Give the floor to students: provide ample time for them to think and express themselves.
• Provide equal opportunities for students to participate in the discussion.

An example:

When introducing photosynthesis:
X “Today we are going to talk about photosynthesis”.
√ Bring in the classroom (or show a video) of a seed and a piece of wood. Then ask your students:
“How come a small seed like that becomes a big tree?”.

Some more Inquiry Tips:

• When introducing a new subject, if possible, try to set the scene not only to introduce the new
subject but also for all the activities to come. Try to think of a scenario (a story) that could
include all that you will teach in an upcoming subject.
• Do something unexpected that will positively surprise the students and intrigue them.
• Make a connection of the subject with everyday life.
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Inquiry Component 2: Refreshing prior knowledge
Traditional Practices:

Neglect to identify students’ prior knowledge and to develop the lesson’s activities based on them.
In an effort to refresh prior knowledge, direct questions are asked (e.g. what did we talk about
yesterday? What is Coulomb’s law?) and for students sometimes that seems like a test or an exam.

Why is there a need to change?

MEANINGFUL LEARNING CAN ONLY OCCUR WHEN STUDENTS CONSCIOUSLY AND EXPLICITLY
LINK THEIR NEW KNOWLEDGE TO AN EXISTING KNOWLEDGE STRUCTURE. To this end, it is
of high importance to start introducing a new concept by making a clear connection to past
knowledge on which students can build upon. The first step to achieve this, is to spend some time
with students to recall and refresh past knowledge.

Inquiry Practices:

Ask questions that will help your students recall past knowledge. Try for example asking
questions related to an application of a law/principle/concept you want the students to recall,
with no direct reference to that law/principle/concept. For example: “How come electrons orbit
around the nucleus of atoms without escaping?”. Such a question will first lead students to
remember that oppositely charged particles attract. That will remind them of Coulomb’s law. At
the same time, it gives more food for thought as it can lead to other questions or comments that
can generate a discussion (e.g. “However, if opposites repel how do protons stick together in the
nucleus?” Or “Electrons can escape if they absorb enough energy”).
Try to pick questions that are also connected to the subject you plan to teach so that while recalling
past knowledge you also trigger a discussion that will lead to what the students are about to learn.
Many times, students need to recall several pieces of knowledge and combine them. You can have
your students use note stickers, concept maps, conversation chains, brainstorms to help them do
that.
Give the floor to students and provide ample time for them to think and express themselves.
Retrieve and refresh prior knowledge should take about 15 to 20 minutes.

An example:

When refreshing students’ prior knowledge regarding the concept of photosynthesis:
X “Who can tell me what photosynthesis is?”
√ “How do humans take the energy they need to survive? Do you think plants need energy too?
Where does this energy come from?”

Some more Inquiry Tips:

Use the 3D map to find connections to things your students have already been taught, not only
in your discipline but in any science discipline and real-life.
Ask them indirect questions that will help them remember instead of using an oral examination format
(e.g. Instead of asking them “Who can tell me what photosynthesis is?” ask them “How do plants feed?”).
Try to make connections with memories and past experiences.
Help your students use their intuition to understand the connection between past knowledge
and experiences discussed to the new subject.
Use concept maps to help your students link past and new knowledge.
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Inquiry Component 3: Wondering about how something works
Traditional Practices:

• Students do not make a hypothesis; the teacher directly proceeds with presenting the new law/
principle/concept.
• Teacher shows preference to a type of response and discomfort to another.
• Students do not have the ample time to formulate their own questions and hypothesis to
investigate a topic further, but a direct explanation is provided instead.
• Allowing students to make some hypotheses but immediately correct students’ responses by
telling them which ones are correct and which ones are false.

Why is there a need to change?

TUDENTS RARELY USE THEIR IMAGINATION AND CREATIVITY TO COME UP WITH
S
SOLUTIONS ON CERTAIN TASKS ASSIGNED TO THEM.
It is often the case that students are reluctant to make a question and a following hypothesis to
which they don’t know, or they are not sure what the answer is. Additionally, they rarely use their
imagination and creativity to come up with solutions on certain tasks assigned to them. This is
mostly due to the fact that students rarely get to make hypotheses in the everyday classes and feel
uncomfortable with making a wrong one. Thus, it is imperative to help our students understand
that the starting point to learn about anything new is to make an assumption – something to
get started with – and try to find out if it is correct or not. Building hypotheses helps students
develop skills that help them build arguments, make meaningful chains of thoughts and finding
ways to combine different elements and pieces of information.

Inquiry Practices:

HELP YOUR STUDENTS LEARN TO WONDER!
• Make a reference on the importance of students asking questions.
• Help students make a hypothesis by using proper questions: What do you think about…? How
do you think this works? Why…? What is your opinion about…? What is the impact of…? How can
you find more about…? Make sure your questions cannot be answered with a simple ‘yes’ or ‘no’.
• Encourage your students to make hypotheses based on the prior knowledge.
• Always be open to any hypothesis. Help students understand that there are no wrong
hypotheses; a “wrong” hypothesis (e.g. one that will be rejected after it has been tested) is an
important part of a scientific procedure.
• Guide your students to form proper hypotheses using certain keywords (if…. then, I assume that…,
Given that… then). Their hypothesis should be an initial explanation for the question posed.
• Be open and eager to learn together with the students. If you want to motivate your students
to learn and investigate something new, you have to be motivated yourself to begin with.
• Always Keep students’ hypotheses available (post them online or on an interactive board for
example, somewhere that you can access at any time).
• In cases of introducing a completely new subject where no prior knowledge is available, try to
use analogies that will help the students make some predictions about the subject at hand or
present scientific observations and experiments that lead scientists to question their current
theories. For example, when trying to explain the way seismic waves travel to the inner layers
of the Earth use an analogy with a rock being thrown in water. If you want to explain that light
behaves a particle and wave at the same time you can use an analogy with “Dr Jekyll and Mr.
Hyde”.
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• Make sure you don’t transfer your own thoughts and beliefs (don’t make the answer obvious).
• Formulating questions should take about 10 minutes.

An example:

X “Photosynthesis is an essential process. All living things need oxygen to survive. Today we are
going to focus on the relationship between sunlight and the process of photosynthesis. Read
this text and observe this diagram that shows how plants use the energy from the sunlight to
produce glucose from carbon dioxide and water and we can discuss it afterwards”.
√ “Based on the concept maps you created, it appears that you consider the process of
photosynthesis to be related with the energy from the sunlight. How important is sunlight for
the process of photosynthesis? Are we sure that there is a relation between those two things?
How do you explain it? What is the question you want to answer?”

Some more Inquiry Tips:

• Motivate your students to wonder on their own about how something works instead of asking
them questions directly. Let them think of their own questions first.
• Help your students understand that a meaningful hypothesis needs to have three main
characteristics:
1. Has coherent chain of thoughts
2. Is supported by one or more arguments
3. Is based on arguments built on prior knowledge and experiences
• Look for these characteristics in your students’ hypotheses and refer to them when discussing
one.

Inquiry Component 4: Thinking about how to test hypotheses
Traditional Practices:

• An already made recipe of an experiment/exploration/research procedure is provided.
• Investigative activities are not included in the lesson but only the scientific knowledge is
presented instead.
• When students ask or propose alternative ways of research, the teachers usually discourage
and press on them to follow the provided plan.

Why is there a need to change?

STUDENTS ARE USED TO BLINDLY FOLLOW CERTAIN PRACTICES AND THEY RARELY THINK
OUTSIDE THE BOX. This prevents them from developing their problem-solving skills and from learning
about following a procedure actively and creatively while also discouraging them from taking initiative.
Coming up with a plan for a research or an experiment is the part where students get their creativity
going. Students get to use their creativity and imagination to come up with ways to solve the problem at
hand on their own, instead of following a predefined plan or waiting for the teacher to explain everything.
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Inquiry Practices:

• Guide students by asking questions: “What do you know so far?”, “How can you use what
you already know?”, “What tests can you run?”, “What are the elements you need to study or
observe?”, “what would be important to observe?”, “how will you observe it?”, “how will you
collect your data?” etc.
• Let students make mistakes or test wrong hypotheses.
• Help your students become aware of what type of research they might need to perform (e.g.
study data sets, conduct an experiment, direct observation of the phenomenon, etc.).
• Support the planning process for your students with the use of related activities, strategies and
materials. When students get familiar with this process, they will be able to design a research
on their own with you needing an all-time supportive role throughout the process.
• Building an experimental set up from scratch can sometimes be very difficult (and time
consuming) however it can also be a fun game or a nice challenge for your students (maybe
with a small prize even?). Remember that designing an experiment does not necessarily have
to happen in class. It can be a nice home assignment for your students. Later they only present
their ideas in class. You can get your students to collaborate as well.
• Consider giving some initial starting points for your students to speed-up the process. This can
be done in the form of a challenge.
• In cases where an experimental setup is too complicated you may also consider giving students
a set up and ask them directly to play around with it and figure out what to do. You can give
students a simulation, or you can ask them to draw a mock-up of the experiment.

An example:

X “Now that you have read all about photosynthesis, discuss in your groups and create a report
about the basic concepts you read and the relation among them. Then, we will do a group
discussion to see if we are all on the same page”.
√ “Discuss in groups what is the most plausible way to answer the question you formulated
earlier (“Does the exposure to sunlight affect the plant’s growth?”). How can you to test your
hypotheses? These are the materials you have available ...”

Some more Inquiry Tips:

• Testing a hypothesis is mostly done by setting up an experiment or a research. When setting
up an experiment, there are different ways students think. Some may think in ways more
complicated than others.
• When designing an experiment guide them to consider the following main aspects:
• – Design an experiment with the least possible sources of error.
– Avoid complexity when possible.
– The obvious way may be a good starting point, but there could also be a more efficient way.
– Always watch out for unforeseen sources of errors.
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Inquiry Component 5: Thinking about how to test hypotheses
Traditional Practices:

• The experiment is demonstrated without students having an active role during this process;
students (might) collect data.
• A prescription of how to conduct an experiment is provided.
• When doing an experiment, the manipulation of variables involved is done by the teacher.
• Not enough time is given to students to work on the data gathered.

Why is there a need to change?

A HANDS-ON APPROACH TO LEARNING PROVIDES THE OPPORTUNITY TO STUDENTS
TO DIRECTLY EXPERIENCE THE CONCEPTS THEY STUDY. As students deploy their senses
and thinking skills, experimenting also helps increase knowledge retention. This process
facilitates their understanding and increases their interest and curiosity about scientific
inquiry and understanding of the concepts. Active experimentation allows students to
increase their problem-solving skills, their critical thinking, judgment, decision-making and
many more.

Inquiry Practices:

• Have a supportive role during the investigation process but do not get directly involved.
• Be open and eager to learn together with the students.
• Encourage students to have an active role during the research process.
• Allow students to make mistakes during their research or to test a hypothesis that you know
they will reject at the end.
• Provide equal participating opportunities to all students.
• Facilitate students’ research process (e.g. with the use of the Predict – Observe – Explain (POE) strategy).
• Help students be organized and gather data in an accurate and coherent way: students often
get carried away. Keep them alert and conscious throughout every step of the way (Why am I
doing this part now? How does it fit to the whole process?). Students should also check if the
data they are gathering makes sense.
• In real experimentation, it is very important to take error factors into account. When gathering
numerical data, always guide your students to consider standard and systematic errors.
• In cases where students set up an experiment that is too time consuming, or that requires
equipment that you don’t have access to, you can directly provide them with some sets of data
to work on and come up with suggestions and results. Alternatively (or additionally), you can
ask them to work on a simulation or a virtual lab.

An example:

X The teacher says to the students that because of time restrictions they cannot conduct an
experiment to test their hypothesis. Two plants are presented instead, one that was left by the
teacher in the Sun for a few days and one that was left in a dark place for the same amount of
time. Students are called to observe that one plant seems to grow normally, in contrast to the
other that seems kind of “weak”.
√ Based on the experimental design developed during their group discussion, students
conduct the experiment they have designed. Since it was very time consuming to observe
real plants’ growth, the teacher proposed the use of a virtual lab in which students can vary
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the plant’s Sun exposure and measure the plant’s height and oxygen release multiple times
in a quick way.

Some more Inquiry Tips:

• If there is not enough time for experimentation in class, consider using online labs and ask your
students to do an experiment as homework.
• When doing experiments in class, limit the number of guidelines gradually (less every time).
• Give as little guidelines as possible on the steps that students must follow, while letting them
take initiative.
• Focus your guidelines and instructions on the experimental process itself (e.g. change one
variable at a time, repeat measurements, take accurate notes and observations, be consistent).

Inquiry Component 6: Interpreting data and drawing conclusions
Traditional Practices:

• Students analyze and interpret the data in a whole class format.
• When the outcome is not in line with the expected, students are corrected or the “correct” and
anticipated scientific knowledge is provided.
• The data derived from students’ research is discussed without any form of analysis.
• The data is analyzed by the teacher (because of time restrictions or assumed students’ difficulty
to analyze data) and the conclusion is presented.

Why is there a need to change?

STUDENTS OFTEN ACCEPT WHAT THEY ARE TOLD WITHOUT QUESTIONING OR WONDERING
IF THAT MAKES SENSE. Students (and many adults) often accept what they are told without
questioning or wondering if it makes sense. In addition, they often read or hear things from
inaccurate sources without questioning, situation that leads them to the development of
misconceptions or irrational fears which they often pass on to others. This happens because
students do not have many opportunities at school to develop their critical thinking skills. The
process of analysing and interpreting data and drawing conclusions is a key element in developing
students’ critical thinking skills and help them become informed and responsible adults. Thus,
however time consuming it may be, it is important to provide our students with opportunities to
work on data and observations, make conclusions, spot mistakes and revise some already formed
ideas they may have.

Inquiry Practices:

• Help students understand that any collection of data or observations are meaningless unless
they are processed and interpreted.
• Enhance the idea that any result or piece of observation needs to be assessed and reviewed
before being accepted.
• Help students develop a step-by-step strategy (methodology) for analyzing their data properly.
• Highlight the existence of error factors.
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• Facilitate students in producing conclusions based on meaningful arguments with the use of
proper scientific terms.
• Support the processing and interpretation of data (to draw a conclusion) for students with
the use of strategies (e.g. spotting relationships between variables, finding frequencies, means
etc.) and materials (e.g. graphs and tables templates, Excel sheets). When students get familiar
with this process, your involvement will fade out.

An example:

X “You collected all these data during your experiment and as you can see from the values of
your dependent variable, the plant’s growth is affected by sunlight”.
√ During the experimentation, students gathered their data (plant’s oxygen release and height)
in an Excel sheet. Students are encouraged to try multiple ways of representing their data (e.g. a
pie or a bar graph, calculation of the mean of each measurement etc.) and to choose the one that
helps them the most to draw a conclusion. You can choose this process because it is faster than
doing a graph by hand for example and because it gives the opportunity to students to learn and
try multiple ways of data interpretation and to argue for their choice.

Some more Inquiry Tips:

• Often when experimenting, errors might occur, leading to the exclusion of some parts of the
data. Highlight the importance considering errors in the experimental procedure and encourage
your students to review their data before they start processing it and eliminate what might be
incorrect or inaccurate.
• Provide knowledge about tools for data processing.
• Guide your students on making conclusions focusing only on their data and backing them up
with meaningful arguments.
• Avoid arbitrary conclusions.
• Avoid general statements.
• Ambiguous data can lead to false conclusions.
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Inquiry Component 7: Comparing conclusions to hypothesis and
existing theory
Traditional Practices:

• The hypotheses and/or questions students formulated prior to their research are not revisited.
• The established scientific knowledge is presented regardless the conclusions formulated by
students.
• If the conclusions drawn by students are not consistent with the scientific knowledge the
“correct answer” is presented, instead of discovered by them.

Why is there a need to change?

STUDENTS OFTEN LOSE THEIR FOCUS AS THEY PROGRESS WITH AN ACTIVITY. Many
times, by the end of an activity they forget what the problem was to begin with. Thus,
in order for the activity make sense, it is important for students to look back at the
starting point and remember why they did the investigation to begin with. This process
helps students develop connections between what they knew/believed prior to their
investigation (their hypotheses) and what they have learnt during their investigation (their
conclusion). Elaborating on what was known and what is learnt enables students to develop
a deeper understanding about specific concepts and make connections to Big Ideas and
other disciplines.

Inquiry Practices:

• Help students recall their hypothesis (and on what grounds they made that hypothesis), to
compare it to their conclusions, to identify which pieces of knowledge they were missing while
making their hypothesis (new knowledge) and to reflect on how the experiment changed their
understanding of the problem (in other words how new knowledge complements their existing
knowledge). By the end of this process students should be able to explain why their hypothesis
is disproved or why it is verified.
• Make your students consider alternative explanations (getting into the role of being a devil’s
advocate can facilitate this process and it can also make it more interactive and challenging for
your students).
• Be positive when students are discouraged because their hypothesis was disproved and show
them that this is also an important and productive step in the scientific process.
• Reflect on mistakes students made in previous steps and discuss them.
• Prompt students to make connections and inferences based on their prior and new knowledge.
• Follow a circular Inquiry process when necessary. For example, if the hypotheses students
formulated was disproved, new hypotheses can be formulated and therefore a new Inquiry
cycle can start again.

An example:

X “Now that all groups investigated the phenomenon and draw a conclusion we can move on to
the next chapter”.
√ “We have built an explanation about the relation between plant’s growth and sunlight
through the construction of a graph. Revisit your hypothesis and consider whether it was valid
or not based on the outcomes of your research. Think of whether we need to formulate a new
question”.
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Some more Inquiry Tips:

• Help your students recall the arguments on which they built their hypotheses on and review
them based on their new-found knowledge.
• Have your students compare their conclusion to their hypothesis. If they don’t match students
have to explain what was wrong about their hypothesis.
• It is often the case that conclusions will have to be compared to existing theory. In the case
there are deviations, help your students understand why; what simplifications they used or if
there were any errors in their methodology.
• A wrong hypothesis is also part of the process. Reaching conclusions that don’t match their
hypothesis also happens many times to scientists.

Inquiry Component 8: Reviewing and reflecting on what has been done
Traditional Practices:

• Students are not given the opportunity to share their results with their classmates, school and/
or community. The absence of this process can develop the misleading impression to students
that either the Inquiry they do in the classroom is not important enough to be presented to
others or that communicating research conclusions is not an inherent procedure of science.
• Students do not have the opportunity to reflect on their work and the work of their peers.

Why is there a need to change?

BEING ABLE TO COMMUNICATE AND BUILD ARGUMENTS TO DEFEND AN OPINION ARE
FUNDAMENTAL 21ST CENTURY SKILLS. Building arguments and standing your ground is
essential for any person living among others. Being able to communicate and build arguments
to defend an opinion are fundamental 21st century skills which need to be practiced in class.
Communicating the results of an activity and explaining the procedure followed help students
work on these exact skills as they find themselves in the position to present their work to others
and justify the decisions they made during the process. Students tend to like taking credit and
being rewarded for their work. Giving the opportunity to students to present their work is a kind
of reward for them and it shows that you and others value their work.

Inquiry Practices:

• Lead your students into giving precise answers to questions, based on valid arguments and
without losing focus.
• Help students build a draft plan of their presentation that is meaningful and coherent and
that can be applied not only in a long presentation but even on short questions that require an
explanation.
• Give ideas to students on how to present their work. What elements are important when making
a presentation (keep it interesting, keep it short, highlight the correct parts).
• Encourage them to use mostly images and graphs.
• Students have the tendency to overanalyze and make long presentations. They often fail to
understand what is more important and what can be omitted from a presentation. Enable them
to pick what to include and what not and what to focus on.
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• Support students in presenting what they had been doing so far, how they did it, what they have
learnt, what remains unanswered, etc.
• Facilitate students’ task of presenting and sharing the investigation process and conclusions to
others (peers, school, community) with the use of various tools and materials (e.g. concept maps,
brainstorms, reports, posters, note stickers, Padlet, Google Docs, MS PowerPoint, Prezi, blogs).
• Provide time for students to think and express themselves.
• Form discussion groups for students to share their work with their peers, especially if their
investigation is part of a larger project-based lesson.
• Engage students in reflective processes (e.g. What was difficult for them? What did they enjoy
and what did they not? Is there anything they can improve? Etc.).
• Provide equal participating opportunities to all students.
• Help students to use proper scientific terminology in building arguments.
• Make students feel comfortable to ask questions and articulate their thoughts.

An example:

X “Now that all groups investigated the phenomenon and drew a conclusion we can move on to
the next chapter”.
√ “Now that our research has come to an end for the time being, each group can develop a fiveminute presentation to share their findings. Five minutes is not much so you need to decide what
parts of your research process are the most important to be presented. Be careful not to bore
your audience by finding an interesting way to present your work”.

Some more Inquiry Tips:

• Make sure students consider alternative explanations.
• Have your students consider possible extensions or alterations to their research that could help
them refine their results.
• Have students debate about their work. Help them understand that constructive criticism and
peer review is fundamental in any scientific research.
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Inquiry Component 9: Discussing and connecting with everyday life
Traditional Practices:

• Students are not prompted to make connections between what they have learnt and their daily
lives, other disciplines, concepts, authentic scientific achievements and research.
• Students are not encouraged to find implications of their findings in their daily lives, other
disciplines and authentic scientific research.

Why is there a need to change?

STUDENTS ONLY FIND MEANING IN WHAT THEY LEARN WHEN THEY CONNECT IT TO
SOMETHING THAT IS CLOSE TO THEM. This process helps students in developing connections
between concepts within various disciplines. It can also help them understand the implications
of the resulting knowledge in society (e.g. ethical implications) and their relation to modern
society’s problems and way of living. Students only find meaning in what they learn when they
connect it to something that is close to them (their lives, society, technology application, etc.).
Proving the added value and application of a theoretical piece of knowledge is what gives it
value in the eyes of the students and helps them appreciate knowledge and understand why it is
important to learn a certain topic.

Inquiry Practices:

• Present inspiring examples of people who used scientific knowledge and research to make their
lives better.
• Help students find connections between the resultant knowledge with everyday life, actual
research and other disciplines.
• When possible, invite real scientists and important stakeholders to the classroom/school and/
or arrange visits to museums, science centers, laboratories etc.
• Engage students in the investigation of socio-scientific issues.
• Encourage students to participate in debates and/or presentations in or out of school.

An example:

X During the lesson about photosynthesis students are only engaged in activities regarding the
scientific aspect of the phenomenon (what photosynthesis is, how it works, what is the outcome
etc.). No inferences about the relation with society issues or students’ daily life are made.
√ “Since we are studying plants growth and especially photosynthesis, I believe we need to take a
five-minute walk in our schoolyard and take a closer look to our garden. Based on what we have
learned so far, we can later have a discussion on how to help in the maintenance or improvement of
our garden. Who do you think is the right person to express our ideas and suggestions to? What do
we need to say?”.

Some more Inquiry Tips:

• It is a good idea to conclude every chapter or subject you teach with a connection to the bigger
picture and to everyday life.
• Use the PLATON 3D map to find connections to other subjects and phenomena and discuss
them with your students.
• Use intriguing pictures from nature and everyday life of contemporary science achievements.
• If possible, use examples that show how science is inspired by nature (for example, a telescope
that look like bee eyes).
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The PLATON Inquiry Cycle

Inquiry-Based Learning has been described and explained by different authors in different ways and
according to different phases. Although the basis of all the descriptions is to represent the fundamental
steps of the scientific method, each approach divides this process in a different number of phases. In
a review made in 2015 of 32 different articles about inquiry targeting several different approaches,
109 different phase names were merged, resulting in 5 different consistent phases: Orientation,
Conceptualization, Investigation, Conclusion and Discussion. (Pedaste et al. , 2015) This 5-step approach
has been widely used and with success. However, being the goal of PLATON to demystify and make
inquiry accessible to all teachers, even those that have never heard about it before, we separated
it into a few more phases. As such, the inquiry cycle used in PLATON consists of 7 different phases
(presented in more detail in chapter 4):
1. Setting the scene: Students are introduced to the topic in a way that triggers their interest,
engagement and curiosity.
2. Looking back: Students recall previous knowledge and discover the connections between what they
already know, what they are about to learn and how it all relates to other subjects and real-life events.
3. Making predictions and asking questions: Students determine (or are informed about) what their
question is and make their hypotheses.
4. Setting up a research or experiment: Students design an experiment where they can test their
hypotheses.
5. Experimenting and gathering data: Students apply their experiments and gather data following
important research rules, such as changing one variable at a time, registering all the details, etc. Several
rounds might be required.
6. Working with data and drawing conclusion: Students analyse the data they collected in order to look
back into their hypotheses, decide whether they were correct or not and make their final conclusions.
7. Communicating and reviewing findings: Students share their work with their colleagues and/or
community.
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As you may have noticed, these seven steps of inquiry are quite close to the nine components we
presented earlier. This is no accident of course. The nine components are more or less nine inquiry
practices scientists deploy when doing a scientific inquiry and we expect teachers to introduce them
to students when learning about science. These practices, to their total constitute the inquiry process.
The difference between those and an inquiry cycle is that in an inquiry cycle, students are expected
to follow each of these steps in a specific order and that some inquiry phases include more than one
practices.
You can engage your students in various inquiry learning pathways. This can be done through
making different combinations of the phases, and not all of them necessarily. For instance, if your
students encounter substantial errors in their data analysis, they can go back to their experimental
design to revise it, perform the experiment again, and collect new data. Or in case new questions
are revealed during the drawing conclusions phase, you can ask them to formulate new hypotheses
and start a new research/experiment design. In any case, it is important to keep in mind that when
switching among phases, your students should engage in reflection and/or discussion about what is
learnt, how it was learnt, what it remains unknown, and what to do next.
Reflection and discussion are also internal parts of every inquiry phase. For instance, students
present and discuss their findings to support their conclusions and provide feedback to their peers.
During the “Looking back” phase, students reflect on their prior knowledge and experience in order to
express their ideas about a concept. During the “Setting up a research or experiment” phase, students
can reflect and discuss in groups the design of their experiment and whether it is valid or not. Questions
like “What are we going to study? How can we study it? How many variables do we need to vary for our
experiment to be valid? How can we vary a variable? What other variables can affect our result and how
can we keep them constant? What do we need to measure and how can we measure it?” will help you
towards this direction.
This interweaved nature of inquiry where different pathways can be followed, and steps can be
linked in different ways, is one additional reason why in PLATON we encourage teachers to look at
inquiry as separate practices at first and then at inquiry as a whole. In the chapters to follow you will
also find example activities that follow the PLATON inquiry cycle.
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Introducing inquiry in your classroom

The integration of the inquiry components
into your teaching should take the form of ongoing and progressive small adaptations of your
teaching practice in your science classroom. This
gradual integration of inquiry into your everyday
teaching will help you upgrade your teaching
approach as a whole and to better understand
and efficiently implement the inquiry approach,
even when you have very limited time at your
disposal.

Tip 1: Do not forget that the integration
process is gradual and on-going! It will be a
process of trial and error until you discover
what works for you and your students.
Tip 2: Do not be disappointed if your first
trials are not in line with what you anticipated!
It will be an adjustment period for you and
your students. The final result, the eagerness
and active participation you will receive from
your students will not disappoint you!

STEP 1: Rethink the way you teach
Before you start integrating the inquiry components into your everyday practice, reflect on your current
way of teaching. For example, how would you characterize your teaching? Which of the practices you
are implementing in your science classroom you consider to be inquiry related and which not? What do
you need to change for making your teaching more inquiry-based?
STEP 2: Gradually integrate the inquiry components into your teaching style
The nine inquiry components are listed in order of priority so you can start by integrating them in that
order (from IC1 to IC9). Of course, you can also start with the component you feel most comfortable
with and think about how you can change your teaching style based on the related inquiry practices.
Work at your own pace, pick the components in any order you prefer and try to integrate these
recommendations in your everyday teaching! As mentioned above, for each inquiry component you will
find the traditional and inquiry practices related to it, a small text about why there is a need to change
from one type of practice to the other and some inquiry tips which will help you with the transition.
When you feel like you have mastered the inquiry practices embedded in a specific component, you
can move to the next one. You can find below our suggestions which can help you make the decision of
moving from one component to another:
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Self-reflection and self-assessment

Reflect

“How are my students responding to the adaptations?”
“What practices concerning component # have I already implemented?”
“What practices am I not implementing so far and how can I integrate them in today’s lesson?”
“Am I ready to move to the next inquiry component? Why?” etc.

Create a checklist
IC1 Inquiry Practices:
Introduce topics based on students’ interests, daily lives and
prior knowledge
Give the floor to students
Provide equal opportunities for students to participate

Not there
yet!

Almost
there!

Success!

√
√
√

Collaborate with other teachers
Share ideas on how to integrate the components.
Get their opinion on how the introduction of the inquiry approach in your classroom is going.
Get advice from experienced teachers.
Work together on developing materials and inquiry lesson plans.
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3. PLATON Assessment tools
3.1

Assessing skills instead of knowledge

The debate on assessment for the 21st century

Teachers often say that they find innovative methods very attractive and important, but they are afraid to
implement them because they will be lost when the time comes to assess their students. When you ask
students to memorize a list of topics, it is fairly easy to assess their performance. You just create a set of
questions regarding those topics and see to which extent students were able to memorize them. However,
when you ask the students to develop a project, make a research and create a relevant output, the amount
of knowledge that they come across and retain can be so vast and vary so much from one student to
another that making such assessment becomes nearly impossible. However, keeping students focused on
memorizing tremendous amounts of knowledge in order to answer a set of isolated, unconnected questions,
gives them the illusion that what’s important in life is to “get it right”, even if they don’t understand it, creates
a fear of failing (which is an extremely important part of learning), and demonstrates knowledge as a series
of disconnected facts. Furthermore, this type of assessment also motivates the teaching of disconnected
topics, which creates a vicious circle. In addition, by considering that the most important thing for students
coming out of compulsory school is to take with them a full list of memorized pieces of knowledge, teachers
are making a set of assumptions that will most surely fail to be true. First, many times it is assumed that
students will hold on to that knowledge throughout life and be able to apply it to the virtually infinite
possible situations they will come across throughout adulthood. Secondly, that students will find a job
where those memorized topics will be fundamental and enough to succeed. Third, that students will follow
a straight line where the things learnt in school will lead into pursuing one career and one only.
It is easy to understand that about 100 years ago, at least two of these preconceptions were probably
correct. In an industrialized society where a student coming out of school would be accepted in one job and
keep doing it until retirement, and where learning was mainly done in school (because there was no internet,
computers, phones and traveling wasn’t as accessible as today) this type of school scenario could make more
sense. But as everything else around us has evolved, we would expect education to follow the same path.
Cars, housing, technology, clothing and even our way of thinking have evolved and are hardly comparable
to those that existed 100 years ago. Most importantly, future perspectives are completely different than to
those that existed 100 year ago. So, we do ask … why has school maintained the same methods?
Fortunately, we are not the only ones concerned with this question and there is a great number of
teachers, scientists, researchers, policy makers etc, working on ways to overcome this issue and create
a whole new framework for the school. With documents such as the Portuguese Ministry of Education’s
“Profile of the students when coming out of compulsory school” (translated form the Portuguese: Perfil
dos Alunos à Saída da Escolaridade Obrigatória), the OECD publication “The future of education and skills.
Education 2030” and the European Commission’s “White Paper on the Future of Europe”, among others,
we are beginning the journey towards achieving a better and updated education for the 21st century.
You may have heard the term “21st century” related to education a million times and think that it is
overly used. While this can be true in one or two situations, it is clearly a proper term to be used if one
looks at it in the right way. It wakes us up to the fact that we are indeed living in the 21st century and that
is something important. Why is it important? Because we have never witnessed such a quick developing
time in our history. It is a fact that mankind is and will ever be evolving. It is part of our nature as it is of
all other living beings on earth, but with the current technological development our evolution pace has
increased considerably, and the world is changing in a way that forces us to speed up to keep updated.
It has been estimated that around 85% of the jobs that will exist in 2030 haven’t yet been invented
(Institute For The Future, 2017). Although 2030 may seem way ahead, you should consider that the
students that are beginning school now, are the ones that will be entering the job world in 2030. They will
also be the leaders of the future of our world, so we, as educators, hold the most important responsibility
of all, which is to educate responsible, capable, civic, skilful and most importantly good future leaders.
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Going back to the overwhelming 85% estimation of not invented yet jobs: are you capable of saying
that you can predict what kind of future each of your students will be experiencing? What job each of
them will be taking, or possibly what variety of jobs they will be working on or even inventing and what
list of knowledge they should memorize to succeed? It seems to us that your answer would be no. So,
what can we do? Should we keep assessing our students for their ability to memorize extensive lists of
topics, just because? Or should we join forces and work together toward updating school and providing
our students with the richest and most effective education they deserve?
We chose the second! Therefore, we have focused on understanding what should be our main goal when
considering assessment. If we take into consideration the fact that knowledge itself may not be enough to
succeed in the job world, we should think of what else could be fundamental. This has also been the focus to
much debate, but all seem to agree that we should focus on skills. Skills that provide students the ability to
succeed even if they don’t know what they will encounter in the future. Skills that equip students with the
tools to learn whatever they need, to adapt to whatever situation they choose to be in and to be in constant
development in any possible environment. To these, we call the 21st century skills.

Assessing the 21st century skills

Since the concept of 21st century skills became so popular and so widely used, several meanings, descriptions
and lists have been created. Each author seems to portrait 21st century skills in his/her own way and name
them differently, but they all tend to describe the same. If you search for 21st century skills you will probably
find things like: cognitive skills (which may include problem-solving, critical thinking, systems thinking,
etc.), intrapersonal skill (which may involve self-management, time management, self-development, selfregulation, adaptability, executive functioning, etc.), interpersonal skills (which can involve communication,
collaboration, teamwork, cultural sensitivity, dealing with diversity, etc.) technical skills (which may include
research and information fluency skills and entrepreneurship and financial literacy), learning how to learn,
leadership, innovation, metacognition, etc. If you take a close look at all these terms you can easily see that
some of them are exactly the same but named differently or that they are just small parts of a bigger skill.
For this reason, and in order to have a coherent framework for assessment, we chose to work with
what is now called the 4Cs of the 21st century skills. This nomenclature has been part of the work
done by the U.S Partnership for the 21st century Learning (Partnership for 21st Century Skills, 2009)
and it has been shown to be of great importance to education. The 4Cs of the 21st century skills are:
Creativity, Critical thinking and problem solving, Collaboration and Communication.
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When considering these skills, in general, you can collect evidence from the students in relation to
the following:

CREATIVITY
• Uses a wide range of idea creation techniques,
• Elaborates, refines, analyses and evaluates personal ideas in order to improve and maximize creative
efforts,
• Develops, implements and communicates new ideas to others effectively,
• Is open and responsive to new and diverse perspectives; incorporates group input and feedback into
the work,
• Views failure as an opportunity to learn,
• Acts on creative ideas to make a tangible and useful contribution to the field in which the innovation
will occur.

CREATIVE THINKING AND PROBLEM SOLVING
• Uses various types of reasoning according to the situation,
• Analyses how the different parts of a whole interact with each in other to produce overall outcomes
in complex systems,
• Effectively analyses and evaluates evidence, arguments, claims and beliefs,
• Considers and evaluates major alternative points of view,
• Synthesizes and correlates information and arguments,
• Interprets information and draws conclusions based on the best analysis of reliable information,
• Reflects critically about learning experiences and processes,
• Solves different kinds of non-familiar problems in both conventional and innovative ways,
• Identifies and asks significant questions that clarify various points of view and lead to better solutions.

COMMUNICATION
• Articulates thoughts and ideas effectively using oral, written and nonverbal communication skills in
a variety of forms and contexts,
• Listens effectively to decipher meaning, including knowledge, values, attitudes and intentions,
• Uses communication for a range of purposes (e.g. to ask, inform, instruct, motivate and persuade),
• Utilizes multiple media and technologies and knows how to judge their effectiveness a priori as well
as assess their impact.

COLLABORATION
• Demonstrates ability to work effectively and respectfully with diverse teams,
• Exercises flexibility and willingness to be helpful in making necessary compromises to accomplish a
common goal,
• Assumes shared responsibility for collaborative work, and values the individual contributions made
by each team member.
Furthermore, when using inquiry, you will notice that in the different inquiry phases, each of these
skills can present some variations regarding what is expected from the students, as the following table
describes:
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Inquiry Cycle phase

Skills

How each skill is developed

1. Setting the Scene

Creativity

Be open to new points of view and things that are
unknown.

2. Looking back

Critical Thinking and Be critical of the information presented and reason
Problem Solving
when relating experiences.
Communication

Express and argue previous views and experiences.

Collaboration

Be open to share opinions and experiences.

3. Making predictions Creativity
and asking questions

Ask original questions and propose innovative ideas.

Critical Thinking and Question the “why” of things, analyse and value all
Problem Solving
ideas and propose new ones.
4. Setting up a research Communication
or experiment

5. Experimenting and
gathering data

6. Working with
data and drawing
conclusion

7. Communicating
and reviewing of
findings

Formulate hypotheses, argue and reason the
different points of view.

Collaboration

Propose collaborative test systems accepting the
contribution of others.

Creativity

Implement innovative ideas for data collection and
be open to new learning experiences.

Critical Thinking and Be accurate, rigorous and methodical in collecting
Problem Solving
data.
Communication

Disseminate rigorously the research results and the
methods used to collect data.

Collaboration

Collaborate in obtaining data with other members of
the group.

Creativity

Be ingenious in interpreting conclusions and theories
and be open to new learning.

Critical Thinking and Interpret information and draw conclusions based on
Problem Solving
the best analysis.
Communication

Express clearly and correctly the interpretation of
the conclusions and listen to the interpretations of
others.

Collaboration

Contribute to the correct interpretation of results
and the definition of new theories.

Creativity

Be ingenious and open when it comes to connecting
conclusions with everyday life.

Critical Thinking and Reflect and analyse on the research processes,
Problem Solving
the conclusions reached and the relationship with
everyday life.
Communication

Show innovative new ways of communicating
research results and actively participating in
discussions with others.

Collaboration

Contribute to the group in the process of data
analysis and reflection of the research process.
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As such, having this information in mind before assessing their students, teachers need to make
a preliminary plan regarding what they will assess and how they will assess it as well as inform their
students about how and in relation to what they will be assessed.
Teachers can use a variety of methods to collect evidences about student’s learning process and skills
development. They can use observations, conversations, questioning, conferences, demonstrations,
performances, project outcomes, portfolios, self-assessments, peer-assessments, games, etc. In the following
section we will describe more in-depth different ways of assessment and present the tools created in the
framework of PLATON, created to assess students in an Interdisciplinary and inquiry-based approach.

3.2

Tools for deep learning, formative and summative assessment

Assessing deep-Learning (formative and summative assessment)

How many times have you encountered a student working hard and intensively saying that they really need
that “A” in the test to receive some kind of reward like to be accepted in a specific university, or not to upset
the parents, or any other such reason? For many students, the assessment they get in school is just a terrifying
and pressuring situation to which they probably don’t see a point, besides that of fulfilling the expectations
of others. Looking at it through such a perspective makes them question the point of the assessment to begin
with. However, assessment is much more than a final categorization of students according to determined
standards. There are several types of assessment, of which we highlight in our work the deep-learning
assessment as well as formative and summative assessment, as we will explain next.
Deep-learning represents the ability of a student to learn something, understand it, interpret it, connect
the knowledge gained to previous knowledge and transfer it to other and non-related situations. In order to
assess a student’s deep-learning, it’s not enough to make a simple examination or a one-time quantitative
assessment. In the previous chapters of this book we have presented several discussions and arguments on the
importance of shifting from traditional practices to innovative ones such as interdisciplinarity and inquiry. We
are not going to argue in favour of those again here and risk the chance of boring you out from our repetitive
discourse. We will, however, say that traditional methods don’t contemplate the necessary components to
evaluate students’ deep-learning as students don’t find many opportunities to interpret, analyse and transfer
the information and knowledge to other situations, making it impossible to evaluate it.
Although assessing deep-learning can present itself challenging, one of the best-known ways to achieve
it is through formative assessment. While summative assessment is represented by the one-time, isolated
assessment episode that teachers usually make by the end of a school period, formative assessment is a
constant process of assessing and providing feedback to the students and retrieving feedback from them.
As such, on one side, formative assessment can benefit the teacher by giving constant evidence
of the learning process of students’ which can be used to a constant improvement and adaptation
of the teaching method accordingly. On the other, it provides students with a constant feedback on
their learning process and skill development, which can help them be active and aware of what they
still need to improve. This type of assessment can be made by the teacher, by peers, or by students
themselves. It can also be done through a combination of all three. If you consider that the point of
all that we have been discussing here is to turn students into the active actors of their own learning
process, it only makes sense to also give them power over their assessment. Don’t you agree?
Still in the discourse about the importance of formative assessment, we can very briefly say that
some researchers have even been focusing on this type of assessment and created terms such as
“Assessment as Learning” and “Assessment for Learning”. We are not going to explain them in detail and
you can check our references (e.g. Dann, R., 2014; Torrance, H., 2007 and Harlen, W., & James, M., 1997)
if you are interested in learning about them. But it just serves to say that formative assessment, due
to its feedback component, has been considered as a fundamental part of the learning process, being
even considered by some as part of the learning process itself.

PLATON’s deep-learning assessment toolkit

In order to properly assess students’ deep-learning, inquiry learning progress and interdisciplinary
understanding of what they learn, it is necessary to have well-defined standards and goals. These should be
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defined and planned during or even before the planning and preparation of each lessons/activity. Furthermore,
these standards and goals should be explained to the students so that they can comprehend their formative
and summative assessment and feel able to evaluate themselves and understand the teacher’s evaluation
in a positive and useful way. Furthermore, each student has his/her own way of receiving and interpreting
feedback due to differences in education, personality, self-regulation processes, etc., which can lead to
different students receiving and reacting to the same feedback differently. Considering this, and in order
to achieve the most fruitful assessment possible, we tend to advise teachers to get to know each of their
students individually and provide feedback accordingly. Although many teachers have too many students and
too little time to adapt the formative assessment to each of them, this can be a long-term goal one that is not
disregarded, nonetheless. Additionally, it should be noted that it is extremely important that students don’t
become dependent on the teacher’s feedback as a way to feel motivated and secure, but that their motivation
remains the one of learning and developing their competences and skills. In this sense, assessment becomes
only a secondary process which aims to support the most important one which is to learn and develop.
It is also very important to establish a coherent and effective methodology to assess students when introducing
innovative practices to which there is no rigorous assessment policies. Considering that the assessment is
a fundamental component of any teacher training, in PLATON we also created an assessment framework to
complement our interdisciplinary and inquiry-based approach. Our “deep-learning assessment toolkit” allows
you to evaluate students’ progress in terms of improving their basic skills but also in their proficiency in inquiry
and interdisciplinary understanding of the knowledge gained. It allows teachers to collect evidence and data
from each student and then process it to obtain a real assessment. One of the main advantages of this toolkit is
the shift from the traditional single focus on the ability of the student to retain knowledge to a holistic process
that collects evidence of the student’s progress and development on important key skills and competences,
providing constant feedback and allowing students to have an active part in their own assessment. Furthermore,
among others, it brings the possibility of connecting learning experiences, of generating reports with the
evidence obtained, of having a real and adjusted vision of the students’ learning and the possibility for the
teacher to adapt the methodologies according to the students’ progress, which makes learning more adaptable
to the needs of the students. In the next pages you can see some of these tools. In our toolkit you will find:
1. A template to help you organize your lessons/activities in advance and a template that gives to
students the opportunity to reflect on what they have learned and the progress they have gone through.
2. An organized way to keep track of what students need to develop (or what they are developing
with success). This tool can also be used for self- and peer-assessment.
3. A rubric that you can use as an ongoing assessment and/or as a summative assessment tool.
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4. Interdisciplinary and Inquiry-based activities
One of the goals of PLATON, besides creating an innovative and effective teacher training framework, as
already described, was to provide teachers with a set of already-made activities that would encompass
the interdisciplinary and inquiry-based approach. These aim to demonstrate to teachers how to use
WIIL in the framework of stand-alone projects. Hence, through these activities, teachers can better
understand how the inquiry cycle works and how the methodology can be applied to its whole.
For this, we distinguished two types of activities: the stand-alone short-term activities and the
project-based long-term activities. The first are standalone activities designed to be implemented in a
total of 1 to 3 didactical hours (which can include research outside school) and to be used separately
in different science disciplines, linked to each other through the interdisciplinary map of science ideas.
Once a number of activities that share the same BIS are implemented, teachers have the chance to
create connections between them, creating an interdisciplinary framework where the class discusses
concepts that are encountered in other activities, in other disciplines and daily lives. Long-term
activities are project-based, require more didactical hours and are interdisciplinary on their own. They
can be implemented collaboratively by teachers from different disciplines in the framework of a larger
school project and involve collaboration between different classes and grade levels.
Finally, we created a template of the PLATON Inquiry cycle along with guidelines and explanations
of each phase that will help you understand more in-depth our activities and even allow you to create
your own activities following the same steps.

4.1

Short-term activities

All the short-term activities of PLATON are created following the PLATON’s 7-phase inquiry cycle. Each activity
includes a detailed guide about how to perform each of the phases with your students, along with suggestions
about tools, resources and classroom management tips that you can use in each step. They also include a
series of supporting documents for the teacher, as well a student-sheets and PowerPoint presentations, etc.
Inside the activities you can also find information about its relation to the big ideas of science,
to other subject domains and other activities, which will allow you to establish an interdisciplinary
framework and support collaboration with colleagues from different subject domains who are also
implementing PLATON activities in class.

4.2

Long-term activities

PLATON’s long-term activities are project based and hence, require a longer time to be implemented.
However, they provide students with project developing skills, a wider sense of interdisciplinarity and
holistic understanding of what they learn.
These activities are composed of a sequence of stand-alone activities, either the ones created in
PLATON or complemented with other activities. They follow a coherent and comprehensive line from
with the student is introduced to a topic and sequentially develops several activities that in a whole will
lead to a final conclusion and output. These activities also follow the PLATON Inquiry Cycle.
Long-term activities aim at involving several teachers from different subject domains and can
encompass collaboration between different classes and even grade levels.
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Let’s see the PLATON inquiry phases in more detail:
Setting the scene: This phase is about stimulating students’ interest and curiosity towards the
problem, question or topic to be addressed. During this phase, the learning topic is introduced.
Try to set your scene by connecting the topic you want to introduce to something that is already
familiar to the students, something from their everyday life or something that is important to
them. Try to make this introduction as interactive as possible.
Looking back: Encourage your students to identify all the concepts that they know of and are
related to the problem under discussion and make the correct connections between them.
Discuss what they already know or think about the ideas being brought up. Remind them about
previous learning instances where relevant materials were studied. Ask them to connect the
main concepts with different relevant domains.
Making predictions and asking questions: This phase is about students understanding the
problem presented and getting an idea of how they are going to work on it in order to solve it.
Invite your students to set the questions they are going to investigate and make some preliminary
predictions. The questions set, should focus on how to investigate the problem at hand. Students’
hypotheses and predictions should be around the questions they have set.
Setting up a research or experiment: During this phase, students set a plan to investigate the
problem at hand. Students should design a plan that will help them answer their questions. Their
plan could involve an experiment during which they will have to collect data or make observations
(or both), or it could involve the collection of information through a research investigation
process.
Experimenting and gathering data: During this phase, students investigate the problem at
hand. Make sure students always have in mind what they are investigating and why they perform
each step. They need to have a clear understanding of the connection between the investigation,
the questions they have set and the hypotheses they have made.
Working with data and drawing conclusions: In this phase students go through their data,
analyse them and make meaning out of them. Data could be experimental values, images from
observations, input from online sources or handwritten observations. Data analysis could involve
some extra calculations and graphs or simply observations of images. Once students are done
with processing their data it is time to interpret them and draw conclusions. To do this, they
always need to keep in mind where they started from; what is the question they are trying to
answer.
Communicating and reviewing of findings: During this phase, students share their inquiry
process and results with others (peers, school, community etc.). This phase involves the process
of presenting and discussing the whole inquiry process or a specific step, as well as having peers
critique and comment on the process and the results presented.
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5. PLATON around the world
During the pilot tests of the PLATON methodology, we had the privilege of working with over 200
teachers from over 90 schools spread in Europe (as illustrated in the map). Each partner of the project
oversaw the implementation in their country. The teachers from non-partner countries were supported
through online meetings and virtual communication. All the teachers were presented with the same
materials and each partner provided proper training, accompanying and support to the teachers of
their country. Furthermore, an online course was implemented for all those teachers located in areas
where no partner could be present, such as Turkey, Croatia, Romania, etc. Each country implemented
the project in the way that was best suitable and inside each country, teachers were given total freedom
to adapt the implementation of the project to the most suitable and fruitful way for their students.
For this reason, when collecting feedback, testimonies and best practices we were pleased to see this
diversity. In the next section you will find a collection of evidence form the teachers around the world,
each country presenting it in their own individual way. We hope you enjoy it!
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5.1

Best-practices and examples to be shared

Portugal

“The implementation of the project PLATON was an amazing experience that aloud our students to establish
connections between topics from different subjects, helping them understand how they complement eachother. The diversity of classroom strategies and the way different subjects complement each other through
the collaboration between teachers were an added value of this project. Teachers worked collaboratively,
planning their classes in a way that articulates the curriculum, having as a basis, questions/problems that
were explored through the IBL methodology. Our students’ motivation was obvious, and the learning goals
were achieved.”
“Our students considered the project as an added value and would like to repeat the experience. Here are
some of their opinions about the project:

«I liked working in group, the fact that the teachers worked together to allow us to better understand
the concept, working with the computers and in the lab. », «…is fun doing this type of activities because
all the subjects are related, and this is a way for us to learn new things about them. », «…I think it is
important to work in group so that we can also evaluate our own opinions. », «…we learnt the topics
in a much more interesting and fun way. Through interdisciplinarity we can see how the subjects are
related. »”
Manuela Ortigão,
Agrupamento de Escolas de Rio Tinto Nº3
“The collaborative work between physics and chemistry teachers of the primary and secondary levels
allowed for the identification of common topics, which led to a vertical articulation of the curricula where
interdisciplinary and Inquiry activities were planned. After presenting the project to 12th grade students,
they researched and created practical inquiry activities which they implemented with the primary students.
They planned activities related to topics such as “why do labels exist?” and “electricity in everyday life”.
During the planification of the second, secondary students and teachers created an interdisciplinary
map, from the small to the big ideas of science, establishing connections between the different concepts.
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This methodology allowed the active involvement of students in the learning process, once multiple
intelligence types were valued (Gardner,1994), which allowed the establishment of connections between
previous and new knowledge. This was possible through the formulation of structured hypotheses that
made a connection between the topics and everyday life, contemporary scientific achievement and led to
a deep-learning. This way, students became more prepared to face the current challenges, becoming more
proactive citizens. In fact, as Benjamin Franklin says: “Tell me and I forget, teach me and I remember,
involve me, and I learn”.”
Maria Leite, Maria José Pereira and Conceição Sousa,
Escola Básica e Secundária de Rio Tinto/ CE de Baguim do Monte
“After these months of work preparing an inquiry learning task and implementing another one, we want
to continue since we feel that we have made more and better for our students - because they deserve it!
We need to continue to share our practices with our colleagues and to motivate them for what we believe
can make a difference in science teaching: inquiry learning and interdisciplinarity. This has been a year of
collaborative professional growth - because we deserve it!”

Testimony of 11th grade students: «I particularly enjoyed everything! I found it very interesting to join
these two magnificent subjects [Biology and Geology; Physics and Chemistry]. » « I liked that it was a
very interactive activity. I learned new things in a different and nice way to learn.»”
Inês Bruno, Isabel Henriques and Marília Peres,
Escola Sec. José Saramago-Mafra
“For me, and I can also speak for my students, the PLATON project was one of the most interesting and
stimulating projects ever. Working on this project has made my classes more interesting and more dynamic,
giving a significant learning, motivating the participation of the students. In conclusion, the result was very
positive, and this experience is to continue. I want to thank NUCLIO for the attention and support.”

Fernanda Seixas,
Escola Básica das Matas, Vila Nova de Gaia
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“The PLATON methodology promoted curricular articulation and the development of interdisciplinary
collaborative work. The various works developed had as central players the students, who were builders
of their knowledge, performing integrated learning which they linked to the real world, simultaneously
improving their skills. The students shared that their learning is more solid / meaningful.
Students made experiments that led them to discover which factors can influence the features of an
impact crater and learnt about biomolecules and their importance using the graasp platform. Furthermore,
students from the 10º grade worked with primary students in the exploration of the production of Domestic
waste.”
Natália Ferreira,
Professora do Agrupamento de Escolas de Rio Tinto 3
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Greece

“At Neninta Elementary School we implemented the PLATON program this school year and managed to
approach the Big Ideas of Science in a cross-thematic and exploratory way. In the gallery of the photographs
we have, one can see a variety of activities that have to do with phenomena such as the universe, molecules,
atoms, planets, etc. for which the pupils worked together and bridged by approaching this knowledge”

Ioanna Kasampa,
Primary School of Neninta
“The PLATON project provided us the opportunity to get in touch with international good practices, which can enrich
our daily teaching practice. The educational community of PLATON is active in leading pedagogues from various fields
of knowledge and cooperation with them is an exciting experience. The implementation platform provides support
for cross-thematic approaches that help our students understand the Big Ideas of Science and provides access to a
variety of virtual workshops and applications facilitating our work. The PLATON methodology based on the inquiry
based model fits into the methodology of science education and is therefore ideal for classroom use.”

Charoula Marinou,
Ellinogermaniki Agogi
“PLATON is a life experience. Through the Inquiry method, science can be comprehended by the students. The
PLATON Network allows communication and collaboration with educational communities around the world and
provides the tools that our work requires and are objectively missing from most schools. We believe that networking
is a push forward and a weapon in each teacher’s toolkit. With 20 pupils of the Second Primary we ran the
“Orientation games” activity. All students actively participated, debated, assumed, experimented, played, read and
drew conclusions, which they discussed in groups and across the classroom. Children enjoyed their engagement in
the learning process. They got tired of reading long and dense texts. They preferred the experiment or games at the
beginning of the scripture. They also enjoyed films and the videos. The class became a hub for research and creation.
Alexandra Bountali,
13th Primary School of Acharnes
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“With the awesome 6th grade little stars I was inspired by the universe and made a paper planetarium.
Its diameter is 5m and the height 3m. We needed about 1 month to make it and we met in the afternoons
in our workshop, our classroom. We managed to set it up with great care on Friday 8th of June in the
amphitheatre of the welcoming 4th Gymnasium of Komotini, which embraced this action. On this day we
collaborated with Andreas Amanatidis, president of the Thracian amateur astronomy club, who accepted
our invitation, visited us and took us on a travel to the night sky in our planetarium.
Our planetarium was visited by all students from our school as well as the sixth grades of the 7th, 8th,
11th Primary School of Komotini, of the Masonian Primary School and the parents of my students.”

Marina Molla,
2nd Minority School of Komotini
13th Primary School of Acharnes
“PLATON gives us the opportunity to organize our lessons in a cross-thematic way and to bring our students
in contact with the Big Ideas of Science. What is important, however, is the way we perform our teaching,
with the help of the inquiry components. Cooperation also among teachers is a creative and meaningful
component that inspires teachers and students.

The physicist and the mathematician of the school collaborated with the same students in the 1st
Lyceum and on the same subject. After the students had been taught the linear movements with the
School’s Physics, the mathematician dealt with the same subject from the point of view of mathematics.
The PLATON project is very important because it gives teachers the tools to teach through the inquiry
learning the Big Ideas of Science. Teachers can use Graasp platform to design their teachings, but also
to make them quite easy on their own or in co-operation with their colleagues. Students show great
interest when the lesson is explored and as cross-thematic as possible. Especially the concept of Big Ideas
of Science is something that should be done and predicted through the curriculum of the school. Also, lowperformance students showed great interest.”
Maria Eleftheriou,
High School of Tzermiadon

55

ROADMAP TOWARDS INNOVATION

Cyprus

K Dimotiko Scholeio Lemesou (Κ’ Δημοτικό Σχολείο Λεμεσού)
At the beginning of the school year, the 4th and 6th grade classes of the primary school participated
in the “Mystery boxes challenge” to understand the nature of Science. The 6th grade class also
participated in the “Tangram challenge” as a starting point of introducing the interdisciplinarity of
Science. The science teacher (Marialena Christodoulidou), with the support and collaboration of the
teacher in charge of the class and different organizations, developed and implemented a series of
lessons related to the Big Idea of Science “Energy”. Namely, related to Earthquakes and Seismic waves,
Energy transformation and photovoltaics (which included a visit to a real lab and research team related
to the topic), developed Lego designs of a wind generator, space bus and helicopter.

Furthermore, during Greek language lessons students studied texts related to energy and to scientists
who do research in this field, discussed different stereotypes related to scientists and especially the
role of women in Science. Finally, students chose a related concept, learnt more about it and presented
their work in the form of projects.
Dimotiko Scholeio Likavittou (Δημοτικό Σχολείο Λυκαβηττού (ΚΑ))
The primary teacher Antonia Marcou was a participant of the “Mars Mission Summer School” in Greece.
Based on that experience, she developed a project called “Mars Mission” to involve her students in
related activities. During the project, she collaborated with the Arts teacher of the school (Andreas
Kourri), as well as with the “Cyprus Space Exploration Organisation” and the Frederick Institute.
During the lessons, students learnt about the planets of the Solar System, prepared a space travel where they
experimented with the use of hypothesis and execution planning, created a model of a spaceship with vinegar,
soda and cardboard, learnt about spaces suits protection against solar radiation using a lamp, a black/white
box and a thermometer, discovered how different our weight can be on mars, taste on mars, sound, etc. Finally,
students explored the topic about robots on Mars, observed photos of the planet and compared Earth’s and
Mars’s inner layers and made an experiment about how we can discover if there is life in Mars or not.
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Gimnasio Arxiepiskopou Makariou G (Γυμνάσιο Αρχιεπισκόπου Μακαρίου Γ’ Πλατύ)
In this school, students and two teachers (Eirini Kithraioti – Physicist teacher and Constantinos Phanis
– Biology teacher) together chose the topic on which they wanted to work. In the lake of the national
park the phenomenon of eutrophication occurs; the water is blur and the biodiversity is decreasing.
Students chose to work on this topic because it affects their daily lives as well as their community. The
purpose of the study was to investigate the organism Daphnia Magna which lives in the lake and it is a
widely acceptable biomarker. It is a small transparent organism and the rate of its heartbeat changes
when the concentration of various substances in the water in which it is found changes.

Students began their work by making their hypotheses and conducted several experiments and
data analysis to test them and take their conclusions. Overall, their experiments showed that the
organisms behaved differently when they were placed in a container with water from the river,
which was evidence that they were being negatively affected by it. As such, based on their results
and discussions with scientists and government organizations, they suggested different actions (e.g.
systematic control of the water’s quality of the lake, cleaning of the lake and replacement of the water)
and communicated their results in different ways (e.g. school’s magazine, letter to the mayor). The
students also presented their work in a student conference and participated in a national contest
concerning the implementation of all the stages of a research in secondary education.
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Lyceum Kokkinoxwriwn Fwti Pitta (Λύκειο Κοκκινοχωρίων Φώτη Πίττα)
With the help of three biology teachers (Anna Sergiou, Anastasios Isaak, Theodoros Michail), a
mathematician (Kyriakos Kolovos) and with the support of an environmental education researcher (Dr.
Anna Nicolaou), students of this school conducted a project related to microplastic pollution, its effect
on animals and community awareness. For this, students sampled microplastics from a beach near their
school that is considered to be one of the best in Europe. Students followed a rigorous protocol for the
sampling and identification and classification of the sampled materials. They found 874 microplastics
and estimated that 655 500 microplastics might exist on that beach.

During their research, students also identified microplastics in the lower layers of the soil. They thus
wondered if organisms in the soil could transfer microplastics in the other layers.
They found an article concerning the transfer of microplastics by earthworms but the microplastics
used in that study were not encountered in nature. Based on the article they designed their own
experiment.
After experimenting they concluded that earthworms can transfer 1-5mm microplastics in the
deeper layers of the soil either because they consume them or because they stick to their body.

Furthermore, students also administrated a questionnaire to 50 random individuals visiting a
supermarket which aimed at identifying the level of understanding regarding microplastics. Of the total,
29 individuals didn’t know what microplastics were. Furthermore, after learning what microplastics
are, 49 individuals stated that they would like to know if a product contained microplastics or not.
During their visit to the supermarket the students also investigated the existence of microplastics
in 17 types of toothpastes.
After the data analysis and the formulation of conclusions they developed informative brochures
that were distributed to the community. The students also presented their work in a student conference
and participated in a national contest concerning the implementation of all the stages of a research in
secondary education.
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Spain

In the Jesús María de Burgos School teachers have collaborated to carry out the PLATON methodology.
Two PLATON activities have been implemented in different educational levels: “Renewable Energy” in 3rd
grade of secondary school for 3 sessions and “Trajectories” in 4th grade of secondary school for 2 sessions.
The renewable energy activity was very interesting for the students. In this sense, teachers have
appreciated the quality of the materials already prepared. The trajectories activity was also very interesting
and motivating for the students. They also enjoyed the construction of the paper rocket with straw.

In Maristes Champagnat School students have implemented the EMR Health and Technology activity in the
first grade of secondary. As a result, students generated a scientific poster with the conclusions of the activity.
The teachers of this school consider that the interdisciplinary methodology provides multiple
benefits in the learning processes and is the best way to achieve significant learning.

In the IES Montes Orientales school, two teachers have been collaborating in the implementation of
the Photosynthesis activity in the first grade of secondary school and the Nanotechnology activity in
the first grade of high school.
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In the IES Villalonga two PLATON activities have been implemented in different educational levels:
DNA in 4th grade of secondary school and Ecological footprint in 3rd grade of secondary school. After
the implementation, teachers have expressed that this kind of methodology contributed in a practical
and very visual way to the understanding of students regarding complex knowledge that is usually
difficult to learn. They also appreciated the fact that the activities promoted of discussions among the
students and presented the potential to discover students’ previous misconceptions.
In Nuestra Señora del Carmen School, 4th grade of secondary
students have implemented the Exponentials in Astronomy
activity. Both the teachers and the students of this school who
have participated in PLATON believe that the activities and
methodology are very interesting and that they help to learn
very interesting things in a different and fun way. After the
implementation, the Spanish national coordinators of PLATON
project are collaborating with the primary school teachers of this
school to prepare the PLATON activities that they will implement
in the next course. In the picture you can see some of the teachers learning the PLATON methodology
in one of the face to face Spanish multiplier events.
In the Sagrado Corazòn School, the Dinosaurs activity has been
implemented in the 4th grade of secondary. The teachers and
students are very satisfied with the experience and are already
preparing the activities they will work on in the next course, this
time they want to involve more teachers to contribute more to
the interdisciplinary perspective.

The Corazón de María school has been one of the most active schools in Spain. Three teachers have
been collaborating to work in 8 PLATON activities with high school 1st grade students. The activities
were Craters on Mars, The extinction of the dinosaurs, Rotation of the sun, The moon doesn’t see the
sun, The life of the stars, Moment and impact, Exponentials in astronomy and Renewable energies. In
this school each group of students was responsible for one activity which they implemented in group and
then with the whole classroom. This high school students also co-worked with primary school students. In
addition, they have created a Padlet where they have uploaded photos of each of the activities they have
developed. You can access this Padlet here: https://padlet.com/rafaelmonterobr/x88ymtpcsj7h.

In the Karmengo Ama School 3 teachers from different grade levels have collaborated to implement
the Renewable energy activity in 6th grade of primary school and the Food & nanotechnology activity in
3rd grade of secondary school. The teachers believe it is very important to work on the same scientific
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fact from different disciplines. In addition, they find the PLATON activities interesting, especially
because the topics are very contemporary and encourage and motivate their students in scientific
research.

In San Felix School 6 teachers collaborated in the framework of PLATON methodology. Students of
the 1st grade of secondary school implemented the Electricity activity. For this, they have integrated
knowledge from different subjects: Maths, Chemistry, Physics and Biology.

In Madre de Dios school two teachers have collaborated to carry out the PLATON methodology in
the first grade of secondary school. The subjects from which PLATON’s methodology was developed
were: Technology, Nature Science and Social Science. To this end, they have implemented one activity
related to the ecological footprint which they created themselves including the inquiry cycle and the
interdisciplinary perspective. As result of the activity, the students in small groups generated a scientific
poster using the Makey Makey technology to disseminate in the rest of the school the conclusions of
their work.
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United Kingdom
“Overall - I’ve used the big ideas of science quite a bit in lessons with all my students although especially
years 9 & 10. It always provokes debate and I often get them to try and guess what the ideas are. Then for
homework, I give them the main headings and get them to write a paragraph explaining the big idea in their
own words”
Anonymous teacher
“Mystery boxes - I’ve had a lot of fun with this activity. I’ve used it with the local primary school (year 6
I think) and with year 9 & 10 students. They all enjoy the challenge and when I won’t tell them what is
in each box there is a big debate about how science works which is fantastic”
Anonymous teacher
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Romania

“In the 5th grade, after completing the introductory lessons in the Decimal Fraction chapter, we organized the
extracurricular activity Mathematics on the Moon as a lesson for fixing mathematical knowledge and gaining new
knowledge about the Moon. We started the design of the activity using PLATON e-Agorá where we find ideas for
realizing interdisciplinary lessons. The activity was carried out as a game. The students became astronauts and the
school was the base for training and launching the imaginary rocket that led them to the Moon.

Each step of the mission’s preparation consisted in solving math problems and exercises, followed by
watching or performing certain tasks as astronauts. The desire to discover new things has made students
focus on every task and where they had problems they have been helped. Students have studied alone,
searching for information on the Internet, created an astronaut suit with recyclable materials which they
dressed on the day of their activity, made models of a spacecraft with Lego and cardboard and actively
participated in each step of the mission.
Students saw a video of Neil Armstrong reaching the moon and a video of Sunita Williams inside the
International Space Station.
They were fascinated by how the lack of gravity affects every common thing on Earth, the equipment
on the space station, the way it works here. They understood that without the effort and sacrifice of these
people, it would not have been possible to discover the composition and explanation of the bizarre moon
phenomenon that dust “levitates” a few centimetres over the lunar surface due to electrostatic charge.”
Florentina Oriță and Florin Oriță,
Gymnasium School Nr.4, Turnu Magurele
G-ral Technical College David Praporgescu, Turnu Magurele
“I have made the lesson, at 5th grade. I wanted to develop students’ imagination and creativity, so, I
have used the experiment. The students used materials like paper, water, wheat flower, baking soda and
vinegar. During the lesson Natural hazards, the students created a volcano eruption, in order to see how
lava flows and to understand the damages. Also, when the students created their volcanos, they respected

the elements like the crater and the horn. It was an interesting experience for everybody. I was pleased to
notice that the students’ projects looked like a real volcano! The experiment was made by the students, I
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was only watching them to be sure that everything was OK and to answer their questions. We all liked this
kind of lesson. Thank you for everything you have done for us!”
Cristina Campean,
Liceul Tehnologic Sebes

“Almost all of us imagine space as dreamy, mystical, interesting and we all wonder what is happening
there. We would like to make students conscious of the events in space in a different points of view scientific, artistic, religious. With this project, students will raise awareness about the distances in the
universe, the different space objects, planets and stars, space exploration and the impact on our daily
lives and use their creativity in artistic way.This project had a good influence in teaching Sciences because
children found it quite interesting and new. We learnt about Solar System, planets, satellites, orbits, stars,
comets, black hole, explosions. Children wanted to become planets and to travel in space. The students
created 3D costumes by recyclable materials, helped by their parents. Moreover, they searched for useful
information regarding the dimension of the planets. Then they presented activity in the front of the
beginners and parents. The students were amused by their shape because they couldn’t have enough space
walking” trough Milky Way”. The little ones have learnt the planets and their prize was a popsicle in the
shape of a planet. The story regarding the solar explosions pushed us to open an art lesson in which we
wanted to create the universe. The students received rocks that have been painted in different colours.

They created explosions between the planets, rockets, aliens using stones. The activity had a major success.
Their artworks are showed in the competition. After presenting the PLATON site, students told me that
they want to be involved in activities about space science and a lot of them wish to follow a career based
on science. My students know a lot of things about space and the news found on the platform complete
their knowledge. They haven’t learnt yet physics and astronomy, but they know some links as: gravitation,
orbits and many more. Now, children know more science words and they use them correctly in sentences.
Kids read easily a science text and know how to recognize it”.
Valeria Lordache,
School No.9 ,,Nicolae Orghidan” Brasov
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“During this activity, the two partner schools were connected via a VPN connection, forming a larger virtual class.
The students of the two schools were able to communicate, share observations and results, and draw conclusions.
During the activity, the students have received balloons and polystyrene bubbles. They closed the inflated balloon
to the polystyrene bubbles and observed that there are no interaction. Then they rubbed the balloon to a piece of
wool cloth, closed it to the polystyrene bubbles, and observed that the bubbles are attracted by the balloon.

Compared to a usual classroom activity, the PLATON influence consists in inquiry-based learning and
collaborative activities between two schools.”
Lorena Elena Olaru and Adrian Mihai Olaru,
“Ioan Vlăduțiu” Secondary School, Luduș, Romania
Secondary School No. 1, Luduș, Romania
“Project PLATON was for me and my students an occasion to celebrate and to carry out didactic activities to
put into practice students’ critical thinking, experiments in the domain of science, constructive games thought
to make them imagine constructions made of “sweet” materials. We embarked on an excursion following the
footsteps of our ancestors, visiting the monasteries in Moldova and learning about the history of the Romanian
people at the defensive fortresses of the Romanian ruler Stefan cel Mare (Stephen the Great). The road to
Stefan cel Mare’s fortress reminded us of the Romanian folk legends revealing the ruler’s bravery and his love
for the country, being true lessons of patriotism and of the geography of the Romanian territories.

Involvement in the project has been an opportunity for both teachers and pupils to engage in wonderful
activities, collaborate with other teachers on themes related to education, and to see other good practice
models in education. Thank you PLATON!”
Eugenia Nour,
Secondary School “Iordache Cantacuzino” Pascani
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”The PLATON project was a novelty but also a good opportunity for both students and teachers to acquire
new knowledge through active participation in the learning process by asking questions that led to the
formulation of the conclusions and highlighting any misconception. The materials posted on the platform
will be of great help in teaching science and technology, in realizing of the experiments and interactive
lessons.

By implementing the PLATON project in class, students have acquired a tool they will experience without
space or time limitations available throughout the year and can also acquire better computerized skills
by using virtual environments that are considered as learning skills for life and orientation towards the
S.T.E.M. domain. It is very important for students to strengthen their ability to integrate and apply their
knowledge and skills in different disciplines by solving everyday problems, offering practical and innovative
solutions in the STEM education field.”
Lidia Ristea,
Technological High School Teodor Diamant
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Croatia

“As in the continental part of Croatia the climate is not suitable for olive growing, the students of the 7th
grade OS Zdenka Turkovića decided to study biodiesel production using the oil of rapeseed and sunflowers.
Special attention was devoted to the production of biodiesel from the waste oil from hotels, restaurants
and family houses.
The students used their knowledge of advantages and disadvantages of biodiesel production in Croatia
and Europe to display information on posters. They also exchanged results with the school partner by
online communication and checked their knowledge online with didactic games. An excursion to Istria
was organised so that the children could see olive groves, among which are the oldest olives in Croatia in
Brijuni.“

“Many aspects of PLATON influenced our work. The 3D Interdisciplinary Map of Science Ideas was an
excellent guide and helped us organise and plan our work. The Inquiry Under the Microscope Toolkit
definitely encouraged us to develop our teaching style by adding inquiry practices. Using the Platon inquiry
components and interdisciplinarity in our teaching practices emphasised the fact that we can connect
our lessons to everyday life. This was a crucial point for our pupils who not only found the lessons more
interesting but relevant and practical. This increased my motivation and that of my students. When
motivation is heightened then student achievement is increased and learning objectives are easily met.
An immense influence PLATON had was in motivating our colleagues and pupils to work together in a
cross-curriculum capacity. It was easier to connect with teachers from different subjects and work towards
a common goal. This experience helped develop many student skills: learning to respect one another,
communication, collaboration, sharing ideas, problem solving, group and individual work, critical thinking
and tolerance.
We look forward to new challenges and projects with PLATON in the coming school year.“
Marijana Karnicnik (mathematics and IT)
OS Zdenka Turkovica
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“The children of several 7th and 8th grade classes of OS Petra Preradovica participated in a two month
research and inquiry based exercise with PLATON. They collated information regarding energy sources of
various European countries. Together with their geography teacher Renata Cvetkoski they set the scene
and refreshed prior knowledge regarding the importance and location of energy sources in Europe. In
groups they collaborated in their research and investigation. The data they acquired was mathematically
analysed and graphically displayed. Their mathematics teacher Anita Simac observed and moderated the
process. The results of their work was presented in the form of Powerpoint presentations, essays and
posters and displayed in the school hallway along with Platon posters and information.

In the autumn their research will continue as the students along with their teachers will visit manufacturing
sites of olive oil. This will be the final stage to review and reflect what they have learned as they whitness
the process of olive oil and pellet production.“
Renata Cvetkoski (geography) and Anita Simac (mathematics)
OS Petra Preradovica
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5.2

PLATON Teachers and Ambassadors

PLATON was an innovative project in the framework of which a new methodology was born. As anything
that is new, we knew that our methodology needed to be tested, and no one better to do it than those
who work in field: the teachers. So, once our materials were ready, we sent out a call for schools to join
the project, pilot test our methodology and become internationally recognized as PLATON schools.

We worked with over 200 teachers who showed a great motivation and were an amazing inspiration
to us. Those teachers provided us with feedback regarding the materials and we carefully used their
feedback to refine our tools. All the teachers receive a PLATON Teacher certificate and all the students
received a PLATON Student certificate.
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How to become a PLATON teacher

Would you like to join our community, become an expert in our methodology and become an
internationally recognised PLATON teacher? That is easy! All of our teachers follow the same steps in
order to reach the certification:
• Use the Interdisciplinary Map of Science Ideas to create an Interdisciplinary framework in your lessons;
• Implement a minimum of three Inquiry Components in your practice;
• Use at least one of our assessment tools;
• Create a portfolio where you present your work to us, so that we can review it and give you the
PLATON teacher certification. You can make your portfolio using any organization you like.
• After receiving your certification, you can also send the list of students with whom you worked, so
that they receive their PLATON student certification as well.
Furthermore:
• If you work with a minimum of 3 teachers from your school and establish a collaborative framework
in the implementation of the PLATON materials, you can also apply to receive a PLATON School
certification.

How to become a PLATON Ambassador

After you receive your certification as a PLATON teacher, which means that you already got acquainted
and experienced in our materials and tools, you can apply for a PLATON Ambassador certification which
will allow you to train other teachers and spread our word. This is much appreciated from our part as
we believe that PLATON is from all and for all.
In some exceptional cases, we can attribute the PLATON Ambassador title to teachers that haven’t
applied for PLATON Teacher certification. If you think that this is your case, feel free to contact us and
we will review your case individually.
We created a set of tools and materials that serve as a complement to all the other tools presented so
far, which explain in detail how to train teachers in each of the parts of the methodology and provide a
deeper knowledge in each of the components.
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5.3

Training other teachers to use the 3D map – The Tangram challenge

If you wish to use the 3D map in your class in collaboration with other teachers who are not familiar with
PLATON, it might be fun to start by doing a hands-on workshop with them to introduce the PLATON
methodology; WIIL. In this section we present to you a hands-on workshop you can do to introduce to
other teachers the idea of interdisciplinary learning, the BIS and the 3D map.
According to our view, it is extremely important for teachers to first understand
the importance of interdisciplinary learning, before learning about the 3D map
and its use. To this end, instead of just telling them it is important and ask them to
implement it, we developed a little challenge that illustrates its importance. We call
it the “Tangram Challenge”. The “tangram challenge” can also be a fun activity to
do with your students to help them understand the importance of interdisciplinary
learning. In the PLATON e-Agorá you will find all the necessary material for this
activity, including a presentation for you to use during the workshop.
Tangram means “seven boards of skill”. Although many adaptations exist,
it is originally a puzzle consisting of seven flat shapes, called tans, which are put together to form
shapes. The objective of the puzzle is to form a specific shape using all seven pieces, which may not
overlap. In our introduction workshop however, we use six tans as it serves our purpose better.

Step 1: The six tangrams

To start the activity, you will need to split your group into 6 teams and give each team a set of 6 tans
(they have the same colour and all shapes of the set are different).

The first part of the challenge is for each team to construct a square using all the tans making sure
none of the tans overlap. In many cases, if participants haven’t seen a tangram before it might take a
lot of time for them to assemble it. In that case, you can give the team the “Tangram help” file you will
find in the workshop’s materials to use it as a guide. Once all the teams complete this task, each team
has one of the following squares.
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Discuss these squares with the participants. The tans are nicely organized and all of them create a
tidy and well-built, uniform in colour square. It seems a simple, elegant and easy organization of the
tans provided. Each collection has the same number of pieces, the pieces have the same shape and they
appear very nicely assembled in a structured and organized way.

Step 2: The super-tangram

Now, ask participants to pay closer attention to the patterns appearing in their square and to have a
look at the squares of the other teams. They will start noticing that although each square seems to be
complete and has no connection to the others, there are signs and images on them. These signs don’t
have a real meaning or seem to be relevant. They just seem to be randomly placed signs that have no
connection to each other but have been put together because of their colour. But, when looking at the
other squares and discovering that all tangrams have similar signs, they start to suspect that there might
be a hidden message within these apparently unrelated squares. This is when you tell them that the tans
contain a hidden message. Ask them to dismantle their squares and try to put all the tans together and
assemble one big tangram. In this part, the teams become one group and they work all together.
To help them work on the big tangram, ask them to use the signs on the tans and follow the same
organization they did with the small squares. Once the super-tangram is assembled the participants
can see the hidden message.
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Step 3: Explaining the idea of the tangrams

Ask participants to think of the two tangrams they assembled and reflect on which one they prefer. Which one
is more appealing to their brain? Although it is possible to complete the tangram by separating each colour,
somehow, when all the colours are mixed, they compose a message that is much more appealing and that
feels more natural, interesting and even relevant.
This is an analogy to the school scheme where subjects are taught as separate things. The tans represent
the different concepts taught in the separate disciplines, the square tangrams represent the disciplines and
the super-tangram represents science as a whole.
Separate disciplines in school

Interdisciplinary learning in school

In school, concepts are grouped together and taught in separate disciplines to better fit the needs
of the school. The organization of the concepts in groups (physics, chemistry etc.) is useful and it can be
helpful when organizing a curriculum. However, unless students also see the big picture they lose their
meaning. This is why an interdisciplinary approach in schools may be one of the most important shifts
from traditional teaching for students to find relevance, interest and use in what they learn. It enables
them to connect the newly gained knowledge with their previous knowledge (which is very important
in order to properly accommodate information in the brain), with other topics from the same and
different disciplines as well as with their daily-lives and contemporary, cutting-edge research.
You can use the presentation of you will find in the support files to communicate this analogy to the
participants.
When presenting the analogy, it is essential to highlight the need for a
guide in order to assemble the super-tangram. In our workshop, this guide
was the signs on the tans and the shape guide for assembling the square
tangrams. If there were no signs on the tans, and if teachers were not aware
of the organization of the tans beforehand, it would have been too difficult
to assemble the super-tangram. In the science class the role of the guide is
played by the Big Ideas of Science and the 3D map. Likewise, without a guide
to help them, it would be too difficult for teachers to step outside their own
discipline and communicate concepts having in mind knowledge as a whole.
This is why this part of the presentation is important. It demonstrates to participants the need for such
a guide to help them move from the isolated disciplines (square tangrams) to knowledge as a whole
(super-tangram) and it will give you the opportunity to move to the next part by presenting the BIS.

Step 4: Introducing the 3D map

To present the BIS and the 3D map you can use the videos you will find under the 3D map section of the
e-Agorá, namely “The Big Ideas of Science” and “The 3D Interdisciplinary Map of Science Ideas”. After watching
the videos, you can move on to show the participants the 3D map and all its components from the e-Agorá.
We would suggest you start by presenting the 3 different levels of ideas (small, intermediate and big), then
continue by presenting the mind-map and finish with the 3D map. Make sure you also show your participants
the printable version and the guide for future reference. Finally use the guidelines presented in section 1.7 to
help participants use the map either individually or collaboratively.
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5.4	
Training other teachers on inquiry and the PLATON inquiry

components
In case you’d like to introduce inquiry and the PLATON components to other teachers, we all the
necessary content is available in PLATON’s e-Agorá. Following the training approach, we presented in
section 5.3 we propose an introductory workshop on inquiry and then a series of smaller workshops
for individual components.

The mystery boxes

The mystery boxes are a wonderful workshop based on an activity
devised by Brian Matthews of the Engaging Education Consultancy and
Goldsmiths College, who is the author of Engaging Education (2006). It has
been developed by the Science Museum Learning team as part of the BPfunded project Talk Science. It is an activity designed for students, but we
strongly recommend doing it with science teachers as well. Participants
form six groups and its group is given a sealed metal box. Teams will need
to examine all six boxes consequently and imagine what’s inside the box,
without opening it. As it mentions at the beginning of its guide, this activity
is a mock science conference held to discuss different groups’ ideas and build a consensus about the
content of each box, based on the students’ evidence. Students will want to know what is in the boxes,
but this is never revealed. The boxes are an analogy for science – scientists are unable to ‘open the box’
to find a definitive answer as to whether or not their ideas are correct but instead form theories based
on evidence from their research, which are open to further revision.

Workshops on the inquiry components

Following the spirit of the mystery boxes and the tangram challenge,
the PLATON team designed one ‘mock-up’ activity for each of the inquiry
components. The goal of these workshops is to allow teachers to deepen
their understanding on each of these practices, understand their impact
on students and reflect on how they can introduce it in their teaching. All
workshops are suitable for all teachers regardless the subjects they teach
as they don’t require background knowledge on a specific subject. They are
simple to organize, and all the materials needed are in the PLATON e-Agorá.
The components’ workshops are stand-alone workshops, so you can choose
to do any of them in any order you like. Their average duration is 45 minutes. Below, you may find a
brief description for each of the workshops:
IC1: Setting the sceneThis activity aims to encourage teachers consider different ways in which they could
introduce a particular topic to their students, in a manner which will increase their engagement, make
them want to learn and show them why they need to learn about the topic. The idea is to give teachers a
common subject and ask them to propose ideas for introducing it in a fun way to the classroom. Proposals
are originally written in cards or post-its anonymously and put in a jar. The teachers are presented with all
the ideas and vote on the best one. Then we discuss with them fun ways of introducing ideas and help them
understand the added value. You can have teachers working individually or in groups if they are many.
IC2: Refreshing prior knowledge
This activity aims at building teachers’ understanding about the necessity for students to recall prior
knowledge and connect it to new knowledge. With this workshop we facilitate the teachers to acquire
teaching practices that will help them implement related activities in their lessons. Teachers will be
challenged to create an intuitive painting based on a given subject, two pictures and one word. Teachers
will afterwards reflect on their experience and connect it with their teaching practice.

74

ROADMAP TOWARDS INNOVATION

IC3: Wondering about something works
Wondering about how something works is basically the part where students make a hypothesis on
a given scientific question. In this workshop, the scope is to talk with teachers about making proper
hypotheses. We will provide teachers with a set of questions and invite them to make their hypotheses.
Then, we will present all the hypotheses made by the teachers and have them comment on them. The
rationale of the activity is to simulate the hypothesis making part of a real classroom. Teachers make
their hypothesis as if they were students. Then we discuss these hypotheses we them as they should
do in class (the tutor is the teacher in this simulation). As tutors, you will follow certain guidelines
mentioned below to lead the conversation. After the conversation, you will present to them what you
did while in the role of the teacher (how you orchestrated the discussion) and encourage them to do
the same in their class using the material of the flipping cards.
IC4: Thinking about how to test hypotheses
“Thinking about how to test hypotheses” is about designing an experiment and the experimental setup
in order to test a hypothesis. This activity is about discussing with teachers how students can build an
experiment in order to test a hypothesis. The plan is to give teachers a simple hypothesis to test (or
something to investigate) and challenge them to build an investigation. The tutor will give them some
tools and a set of hints. The teachers will present the experiments they set up and the whole team will
discuss which one is the most accurate and why, how different suggestions should be handled in class
and what happens when real experimentation is not an option due to time constraints. The challenge in
this particular workshop (the simplified ‘scientific question’) is to give teachers a big ball and challenge
them to measure its circumference. The hypothesis in this case is a first estimation of the hypothesis.
They have to design a small procedure to measure the circumference as accurately as possible.
IC5: Doing research and collecting dataThe point of this activity is to stress upon the common mistakes
students do during an experiment. To do that, we set up a simple experiment and let the teachers do
the experiment without guidelines (open inquiry) and check if they made these mistakes themselves.
After doing the experiment we point out the mistakes and discuss them. The experiment they will do
is called “The Marshmallow Catapult” and it is about trajectories and what affects them. Teachers will
have to use the marshmallow catapult and try to get a marshmallow inside a pan.
IC6: Interpreting data and drawing conclusions
This activity aims in developing teachers’ understanding and inquiry teaching practices concerning
interpreting data and drawing conclusions. In this activity, teachers are given sets of data and following
conclusions on the topic of noise pollution and are asked to spot mistakes and wrong arguments. These
mistakes and wrong arguments are common when students try to interpret data and draw conclusions
and therefore, connections between this activity and everyday practice can be made.
IC7: Comparing conclusions to hypothesis and existing theory
This activity aims in building teachers’ understanding about the necessity of comparing conclusions
derived from students’ research to their hypothesis and the existing scientific knowledge. To achieve
this a very simple analogy is used. We tell the teachers a blue story (bizarre puzzle stories to which
people have to guess what happened. Usually the explanation is very unexpected).
IC8: Reviewing and Reflecting on what has been done
This activity aims to build teachers’ understanding about the necessity of engaging their students in
the processes of reviewing and reflecting, as well as help them acquire practices
that will help them implement this kind of activities in their lessons. Teachers will be challenged to
debate three simple subjects in an “Angels and Demons” debate format. Afterwards, teachers will
reflect on their experience and connect it with their teaching practice.
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IC9: Discussing and connecting with everyday life
This activity aims in providing teachers with inspiring examples to discuss and connect Science with
everyday life. Teachers will be challenged to relate some pictures connected with curriculum topics
with contemporary science and everyday life. Discussion is a very important component of the inquiry
process. Students should be capable of arguing, debating and listening to their peers’ ideas. Teachers
will be trained on how to give the floor to students and let them freely develop their skills.
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The PLATON project partners are:

PLATON Roadmap Towards Innovation
A step-by-step guide for teachers
Have you been listening to the terms Inquiry and Interdisciplinarity but don’t really know
what they are, or how to use them? Have you tried changing your practice but found it
too difficult? Do you think you are successfully innovating in your practice but want to
improve or just learn more about it?
If so, this is the right book for you! In these pages you will find a detailed guide on what
Interdisciplinarity and Inquiry are, as well as tools that will turn them into something easy
to incorporate in your practice.
Discover the wonders of shifting your methods into a student-centred approach and see
the legacy of those who did it and experienced a better working environment, an increased
motivation for teaching and a much more fruitful and enriching relationship with students
and colleagues.

