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1. Introduction
This deliverable deals with the description of the final version of the educational material developed
during this project.
Especially for the youngest learners, we have taken an explicitly imaginative and narrative approach.
This includes fostering imaginative uses of natural language and imagistic renderings of the role of
energy in forces of nature. This form of primary science can be easily adapted to formal science suitable
for older learners. This means at least two things. First, from a pedagogical perspective, we use
unconventional materials and approaches to let children explore energy systems and, fundamentally,
the energy concept. We have developed a story that highlights the analogy between fuels (such as for
cars) and food (apples growing on a tree: The Apple Story). Children can explore simple experimental
situations (potato or apple batteries, PV-cells and electric motors, or full-fledged solar hydrogen toy
cars). There are learning materials in the form of play cards highlighting the “forces of nature” at work
in these systems. Children draw their explanations, and we have developed the pedagogy of a Forcesof-Nature and Energy Play where groups of children play forces of nature interacting on a stage that
represents devices in a technical energy system. Second, the approach means that we take a systemic
perspective rather than highlighting technical and material details of elements of energy systems. We
have followed the advice of our scientific advisory board, not to expose small children to the intricacies
of fuel cells. Rather, a fuel cell is a device in which certain forces of nature interact and do their work
to achieve a certain purpose—not unlike our bodies when we eat an apple. A text for primary school
teachers (Hydrogen and Fuel Cells —How, What for, and Why?) has been written that makes use of
this imaginative “pictorial” and narrative approach to scientific and systems engineering aspects for
adults who are not scientists or engineers but rather educators of our youngest generation. We know
from direct experience using this approach in primary school classes in Switzerland and in Italy that it
works—children get involved in activities, discussions, pictorial representations, and theatrical
renderings relating to important energy systems. Their teachers tell us how they themselves find
access to themes they would have never before been able to include in their teachings. We sincerely
hope that many will find the approach and the materials enjoyable and enlightening.
Developing the teaching materials of the toolkit was a joint effort of FCHgo partners, teachers, didactic
and FCH-tech experts. It started with co-creation workshops in March 2019, at which the just
mentioned stakeholders provided a first feedback to the interactive stories, plays and experimental
kits envisaged for the FCHgo toolkit. For details about the co creation phase, please go to D2.2.
From September 2019 to February 2020, FCHgo implemented and tested the FCHgo toolkit in 75
classrooms in project partner countries Denmark, Germany, Italy, Poland and Switzerland. About 1.500
pupils participated in the FCHgo pilot lessons and learned about (hydrogen) energy with the toolkit’s
games, experiments, worksheets and PowerPoint presentations. The materials developed being
suitable for primary and secondary schools alike, different age groups were addressed through the
FCHgo classroom activities. Italian, Swiss and German partners used the toolkit to introduce pupils
from age 8 to 12 to the world of energy and hydrogen, whereas Polish and Danish partners worked
with older pupils from age 13 on. Overall, 17 primary schools and 19 secondary schools hosted the
FCHgo team. Prior to the classroom activities, teachers received a training by FCHgo partners. In each
country of the FCHgo partnership, at least one training workshop took place. In total, 82 teachers
participated and not only got to know the teacher guidelines and the toolkit materials for FCHgo
lessons, but also learned about the project’s educational concept. Moreover, the feedback they
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provided from their classroom experiences helped FCHgo to review the materials. For details the
reader is referred to D3.4.
Due to COVID-19 health emergency, many schools around Europe closed completely or prohibited us
from working with teachers and students. Therefore, we founded the “FCHgo at Home” initiative. It
intends to extend the participation in the FCHgo project also to those who are staying at home with
their families, to those who are engaged in distance learning or those who are curious to learn about
hydrogen. “FCHgo at Home” is addressed in particular to all schools that are engaged in distance
education with students aged 8 to 18 years, but also minor children (from the age of 8) which are
supported by at least one adult family member. FCHgo proposes fun activities for everyone to explore
the ‘energy of hydrogen’ at home. For teenagers even participation to the FCHgo Award from home is
possible.
The outcome of this development phase is presented in this report. Chapter 3 deals with the
theoretical background of our didactical approach. Chapter 4 gives an overview of the educational
material.

2. Deviations
In general, the final version of the EPDM was prepared and tested in the expected times of the project.
It should be noted that the COVID-19 pandemics has not allowed completing the testing in classrooms
in the original timeline, and has led to a 6 months extension of the project. Considering the new
timeline, the preparation of the final version of the EPDM has been delivered in time.

3. Theoretical background:
Narrative in Science, Engineering and Education
3.1 Introduction
The issue of narrative in science and science learning has gained considerable weight in recent years.
Usually, it is assumed that narrative plays an important role in putting science in (cultural, social,
economic, political…) context and, possibly as a corollary of this use, in creating affect in learners who
otherwise find it difficult to relate to and learn about science.
These uses of narrative in science are extrinsic. It has become clear, however, that narrative—and
storytelling in particular—have an important intrinsic role to play as well. “Narrative science” is best
known in the realm of natural history (biology, earth science, astronomy and cosmology): in order to
understand nature, we need to know its history, and to accomplish this, we need to put our knowledge
in narrative form (Norris et al., 2005).
Recently, an even stronger relation between narrative and science has been researched and argued
for. Economists use a narrative approach (they tell themselves stories of dynamics in economic
systems) when attempting to construct models (Morgan, 2001). In computational physics and
chemistry, largescale simulations are understood as narratives telling about the “adventures” of
physical quantities in natural systems (Wise, 2007). Engineers use simulations as story-like tools in
order to better understand the structure of technical systems for optimizing design (Witzig et al. 2018).
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Most importantly for our purpose, it has been demonstrated that macroscopic physics in the form of
continuum physics has a narrative form (Fuchs, 2014a, 2015; Fuchs et al., 2018), and understanding of
physical and chemical systems takes recourse to our narrative mind.
This work has been applied to university, secondary, and primary education. In the education of
engineering students, we have combined a narrative approach to macroscopic physical systems and
systems science (Fuchs, 2006, 2010, 2010 [1996], 2014a,b; Dumont et al., 2014; Witzig et al., 2018). A
narrative approach to mechanics has been applied to the design of an educational laboratory at Ducati
Motor Company in Bologna, which hosts groups of secondary and gifted high school students (Corni,
Fuchs, & Savino, 2018).
Many of the EPDM materials developed for FCHgo are for the younger learners. The approach taken
rests largely upon work done at the University of Modena and Reggio Emilia, at the Free University of
Bolzano, and at Zurich University of Applied Sciences at Winterthur, over the last 10 years. For an
overview and summary see Corni & Fuchs (2020a,b); it covers developments of approaches and
materials for student teachers, in-service teachers, and kindergarten and primary school students.
Apart from a generalized imaginative approach to physical science for the teachers, we have developed
stories of forces of nature (including the necessary pedagogical tools for teachers). An animated film
of a story of forces of nature “at work” in a technical system (Deichmann, 2014: Perpetuum Mobile)
has inspired us to create Forces-of Nature Theater (FoNT) plays where children physically represent
processes in natural and technical systems. Deichmann (2021) is currently producing an online
interactive story specifically for hydrogen and fuel cell technology geared specifically toward secondary
school students.

3.2 Formal scientific and cognitive scientific background
The development of a generalized approach to (uniform) dynamical physical systems (Fuchs,
2010[1996]) has laid bare the analogical structure of theories of fluids, electricity, heat, substances,
and motion. Based upon this work, imaginative cognitive structures have been demonstrated to exist
(Fuchs, 2014a,b) that make it possible for what is normally very formal to be presented in ways
employing natural language with its narrative, metaphoric, and analogical tools (Fuchs, 2015; Fuchs et
al., 2018; Corni & Fuchs, 2020a,b).
One of the graphical tools developed for modelling macroscopic physical and technical systems—so
called process diagrams (Fuchs, 2010[1996]; see the examples in Fig.1)—have been a source of both
theoretical development in the sciences and engineering (Tyreus, 1999) and imaginative work at the
intersection of science, art, and learning (Deichmann, 2014). They are a source for Force-of-Nature
Theater plays (see below) and materials for teachers who are not scientists or engineers themselves
(see FCHgo Toolkit: Introduction to Fuel Cells and Hydrogen Technology, https://fchgo.eu/toolkitdevelopment).
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Figure 1: Process diagram for the chain of devices and processes going from sun to solar cells,
electrolyzer, and hydrogen storage, and from hydrogen storage through fuel cell to electric motor and
flywheel.
Furthermore, the approach to dynamical systems in macroscopic physics has been made possible by
computer modelling tools that preserve important elements of the narrative structure of models of
natural and technical systems. Some of these tools can be transferred to and used in primary and
secondary school settings (see below).

3.3 Stories of Forces of Nature
Experience of nature and (dynamical) technical systems leads to the creation in mind of a structure we
call force of nature (examples: rain, wind, sunshine, soil, food, fuels, electricity, heat, motion…; Corni
& Fuchs, 2020a). These forces of nature are perceived as agentive, and even as agents: our language,
and our equations in continuum physics, are witnesses of this form of imagination (Fuchs, 2014a, 2015;
Fuchs et al., 2018).
One of the central arguments of the narrativity of human understanding of nature takes its cue from
this imagined agency: Agents (characters, protagonists) , along with agency and events, time and
change, are one of the central elements of any story we tell ourselves about happenings in the world
(as we maintain, this is true not only of the world of human interactions but also of the interactions of
humans with their natural and technical environments). This is important for our ability to create
stories of forces of nature (Corni & Fuchs, 2020b) that do not only motivate and entertain but suggest
how natural agents (forces of nature) relate to each other and to their (physical) environments: this is
the source of ideas for (formal) models in science and (informal) forms of expression in everyday life
(Fuchs, 2015). Importantly, these stories include and give meaning to the notion of energy (Fuchs,
Dumont, & Corni, 2019) which is so important to our theme in hydrogen and fuel cell technology.
An Apple Story. A story of such forces of nature acting in a setting of interest to our theme is the Apple
Story (see Fig.2, and FCHgo Toolkit: An Apple Story, https://fchgo.eu/ toolkit-development). The story
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is introduced, motivated, and moved forward by the need for food (people) and the analogy to the
need for fuels (cars and other engines). It explains to children and adolescents how, in the leaves of an
apple tree, water, wind (CO2), and light join, blend, fade into the background, and, in their place, create
food for the tree and for people.

Figure 2: Illustrations from An Apple Story. Left: A tree and three forces, sunlight, water, and air. Center:
The forces come together in a leaf where they will blend, fade away and create food. Right: The food
travels to parts of the tree and into the growing apple.

We use the story specifically for younger children. However, in FCHgo trials in Italy, it has proved its
worth for beginning middle school students as well.
Deichmann’s Perpetuum Mobile story. In 2014, Marion Deichmann set out to explain the inner
workings of natural and technical systems in an imaginative manner. Her aim was to study the use of
visual metaphors for a thesis in scientific visualization. One of the results, her animated story
Perpetuum Mobile, has been made available to our FCHgo project and is used as the vehicle for an
introduction to the role of forces of nature and energy in macroscopic physical (and chemical) systems
and processes. It is designed as a general introduction to the role of energy in physical systems, but
not specifically for hydrogen and fuel cell technology.
The animation tells the story of an inventor who dreams of the perfect perpetual motion engine. When
he finally builds it, it seems to work at first.

Figure 3: The Perpetuum Mobile machine.
He starts the generator by hand, turning its axle (Fig.4, left). This makes the electricity flow, which, in
turn, lights the lamp. The light of the lamp drives the solar cell (Fig.4, center) which drives a water
pump. The water is pumped high, falls down upon the water wheel (Fig.4, right) which now turns and
so drives the generator, and so on, ad infinitum or in perpetuity…
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Figure 4: Initially, the inventor drives the generator of the Perpetuum Mobile machine by hand. Light
drives the solar cell, a pump pumps water high up whereupon it falls down. There are “ghosts” or
“spirits” at work in the machine which will play an important role later in the story told here.
However, since every operation produces some heat, the energy made available by the inventor in the
initial “push” and then “handed” from part to part inside the machine, becomes less and less. In the
end, inevitably, the engine will stop. When it becomes clear that it will never work, the machine is put
under a glass cover near a window in the attic of a museum (Fig.5). There, by chance, the sun shines
through the window, its light falls upon the solar cell (photovoltaic cell) that is a part of the engine.
The engine starts working, the heat generated in every step of the operations lets the glass cover break
and so sets the engine free—from now on, it will work “forever,” at least as long as the sun keeps
shining, and as long as it does not break.

Figure 5: Put under a glass cover, the machine is tucked away in the attic of a museum. Luckily, its solar
cell faces the window. When the sun shines through the windows into the room, the machine starts
running. Heat is produced in the engine which breaks the glass cover and finally sets the machine free.

Apart from how the engine works internally, and apart from the forces that operate in its interior,
there are two noteworthy external circumstances that let the “Perpetuum Mobile” work. First, there
is the sun that sends its light to Earth. Second, the heat invariably produced in any real operation in
nature and engines, can escape to the environment and from there to outer space (Fig.6). The engine
is a mechanism that works in an open flow system that is the surface of our planet.
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Figure 6: The sun sets, and the heat produced in the operation of the engine escapes to space. The
engine can rest; but the forces making it run in the first place will resume their work the next morning.

The story not only explains why a perpetual motion machine cannot work. Embedding the animation
in its earthly and cosmic settings, the story is actually a beautiful allegory of our planet as an open
system that makes life and the continuation of processes possible.

3.4 Forces-of-Nature Theater of technical systems
Deichmann’s (2014) Perpetuum Mobile animation has suggested to the authors of the FCHgo EPDM
how to create what we call a Forces-of-Nature Theater (FoNT). It has been played with student
teachers (Corni & Fuchs, 2020b) and it has been used successfully with children as young as six years
(this is what we have done in applications of our FCHgo toolkit in Winterthur, Switzerland; see Fig.2).
A combination of the dynamics of systems and processes playing out in Deichmann’s animation and
the schematic figures contained in process diagrams (Fuchs, 2010[1996]) presents us with an idea of
how to play-act forces of nature. People—children—can act as agents moving on a stage laid out like
a chain of couplers with paths between them (Fig.7, left). The layout of the stage is suggested by a
process diagram for the system modelled (Fig.1; see also Corni et al., 2019).
People acting as forces-of-nature-agents can move on the stage according to the flow of fluid like
quantities, interacting inside the couplers by carrying around and exchanging something—such as
confetti—symbolizing energy (Fig.7, center).
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Fuel Cell operated
as electrolyzer

Water kids

Electricity
kids
Electrical wires

Solar cell

Light kids

Figure 7: A primary school class in Switzerland (2nd graders) play forces of nature acting and interacting
in a lamp-PV-cell-electrolyzer system. Left: The floor with an outline of solar cell (bottom) and
electrolyzer (top) with the paths (cables) for electricity between them. Center: A drawing by a child
made after playing the Forces-of-Nature Theater. Right: Part of the physical laboratory preceding the
FONT activity.
As an example, consider an electrolyzer (driven by electricity powered by solar cells) producing
hydrogen and oxygen from water (in Winterthur, we let the children explore this technical system in
the laboratory before moving on to creating this FoNT). The electrolyzer works with electric charge
that is pumped by light in a solar cell. With a large enough group of people in such a Forces-of-Nature
Theater, we can assign roles to fairly large teams that each learn to physically represent the properties
of a fluid like quantity—moving (flowing) along paths and ex-pressing degrees of tension (tense or
relaxed). Think of a team of children who have been assigned the role of electric charge. They line up
along the closed path connecting a solar cell and the electrolyzer (Fig.7, left and center). Initially, they
can all be relaxed. Then, children representing the Sun’s light move in one by one. The “light kids” will
have been handed confetti—as an analogue of dust/energy in Deichmann’s animation—by the “Sun”
(maybe played by a teacher), which they now hand to the waiting “electricity kids.” A child
representing charge who has just received some confetti will become tensed and start moving (the
entire loop of electricity kids will start moving).
The tensed electricity kids will eventually hand the confetti they received to “water kids” waiting in the
electrolyzer (the floor space representing the wheel). As they do this, they relax and move back toward
the solar cell. The water kids then hand the confetti to hydrogen kids (not shown here; oxygen kids can
be included if it seems reasonable). The hydrogen kids then move to a storage device with the confetti
in their hands (again not shown here).
There are a couple of interesting things some of the agents have to learn: light kids are “born” at the
surface of the Sun and “die” in the solar cell, water kids disappear (“die”), hydrogen kids are “born,”
and “heat kids” are “born” as they pick up confetti that fell to the floor. In all of this, the persons acting
as forces of nature will experience an embodied (physical) logic of what forces of nature can and cannot
do, and what happens to energy (confetti) and what not. Just to mention a few points of this logic:
agents do not “convert” into one another; agents are not energy; energy is always the same as it makes
its way through a chain of devices and processes—energy does not change form or the like.
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3.5 Play cards: Children represent (chains of) processes
There are different ways of bringing Deichmann’s (2014) animation and Forces-of-Nature Theater plays
to the tabletop in the form of card games. One of these, suited for younger learners, takes its cue
directly from Deichmann (see Fig.8). Children get decks of cards representing forces of nature as
agents. After working with experimental equipment, students are asked to put cards in the order they
believe forces act in the system investigated.
In a second form of play cards, a card represents an element of process diagram. A collection of cards
allows to represent process diagrams in an abbreviated and simplified form (see Fig.9). These cards
are useful for slightly older students (upper primary to middle school). In addition to the example of
cards representing agents (Fig.8), the approach developed for the Ergoland project at the Free
University of Bolzano features several common forces characterized by different levels/potentials.
Combinations of force-cards and physical-element-cards suitably drawn by the pupils or the teachers
(for example, the pink framed pictures in Fig. 9) allow for short to long chains of processes to be
represented.

Figure 8: Process diagram for the chain of devices and processes going from sun to solar cells,
electrolyzer, and hydrogen storage, and from hydrogen storage through fuel cell to electric motor and
flywheel. Note the parallel processes where heat is produced.

Figure 9: Cards representing forces of nature (as energy carriers) and physical elements (process
couplers), made available through Ergoland. Left: The card developed for hydrogen (like every card, it
displays three possible levels (potentials). Right: Two examples of interactions of forces in couplers (top:
food and motion interact in a human body; bottom: wind and rotation interact in a windmill).
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3.6 Tools for formalization: System dynamics modeling
Much of the EPDM materials for younger children—primary to middle school—make use of an explicit
narrative approach: stories and story-like games. There are didactic tools that allow for transiting from
primary to secondary and university education by formalizing yet continuing the narrative forms of
explanation we have described here. One such tool is comprised of the family of system dynamics
computer modelling programs.
If we represent the pseudo-material character of forces of nature, i.e., its extensive aspect, as fluid like
quantities (Fuchs, 2010[1996]), we can translate the dynamics of such quantities acting and interacting
as system dynamics models. System dynamics modelling has been developed for younger learners as
well (SDEP at MIT, 1996) but is most likely of great use for older learners (Fuchs, 2002; Dumont et al.,
2014).
System dynamics models make use of the imagery of the flow, production, and storage of fluid like
quantities and, in so doing, continue using important elements of narrative understanding of
dynamical systems. Interestingly, SD models can be developed for both technical/scientific and social
systems. More mature learners can apply the imaginative forms learned in the FCHgo approach to
energy systems to systems representing processes in socio-technical systems that are particularly
relevant to the development and adoption of future technologies.
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4. Final educational material
The FCHgo toolkit contains materials for both, elementary and secondary school. All materials are
available in English, Italian, German and Polish. Further translations will follow. You can download the
materials from our website. In this chapter, we only describe the most important materials, the
detailed material can be found in deliverable D2.4.

4.1

Introduction to Fuel Cells and Hydrogen Technology

This comprehensive guide introduces the main principles of FCH technology, using simple language
and pictures. The explanations exemplify the approach of FCHgo to teaching energy. This is a fairly
technical text written for non engineers or non scientists. It outlines some background of hydrogen
and fuel cell technology. It addresses the questions how hydrogen as a fuel, and fuel cells for
empowering electricity through hydrogen, might one day replace our current fuels and ways of making
energy available. It also addresses the following questions: How does such a system work, what would
we use hydrogen and fuel cells for precisely, and why would we want to embark on a new technology
if the old one has served us well, and might continue to serve us for a long time to come? The document
is about 30 pages.

4.2

Comprehensive teacher guides on FCHgo lessons

The FCHgo toolkit materials described in the following are part of a didactic concept for interactive
lessons on energy and FCH developed by the University of Modena and Reggio Emilia, the Zurich
University of Applied Sciences and the Nicolaus Copernicus University Torun. The content of the
materials as well as the outline of the lessons are a result of many year’s research on the impact of
using narrative and metaphors in teaching.
The teacher guides describe an exemplary educational path employing the FCHgo materials the best
way possible. The material has been divided in several age groups:
1) Teacher guides on FCHgo lessons for pupils age 8-13 years. for primary school and lower
secondary school we divided the material according to grade 3 to 4; grade 5 to 6; grade 7 to 8
2) Teacher guide on FCHgo lessons for pupils age 14-18 years

4.3

Deichmann’s interactive story of a bot running on hydrogen.

Deichmann is currently developing a new story, which will be implemented as an interactive browserbased story/game. The form of scientific/technical storytelling follows the example of her earlier
Perpetuum Mobile story. The new tool is developed with funds from ZHAW in Winterthur and will be
made available to FCHgo.
The story tells the adventures of a bot (Fig.9) that sets out to cross a mountain. It has batteries and a
fuel cell. The batteries are charged at the start, but as soon as they run down, the bot will have to rely
on a new energy source.
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Figure 9: Scenes from Deichmann’s (2021) storyboard for the development of her new online interactive
story/game. Top left: Bot at the start. Top right: Toward the end of the journey, the bot will have to go
through a tunnel to make it to the other side of the mountain. Bottom: Part of the scene where
hydrogen and oxygen come together to power electricity. They fade away as water is created in their
place.
The story is designed specifically for somewhat older learners—mostly middle school. Its imagery and
language deals with chemical processes much more deeply than the Apple Story could do.

4.4

The Apple Story

A simple illustrated story about the use and transformation of energy in an apple tree. A small girl
experiences the magic transformation of blossom to fruit by observing how the tree uses water, air,
and sunlight to h apples grow. The story is told by teachers, discussed, and played out together with
pupils; older students read the story themselves. With help of the story, pupils understand the analogy
between energy transmissions from tree to human body via apples and from tank to motion in a car
via fuel. The story is 10 pages long and comes with instructions for teachers. For telling and discussing
the story about 1-1,5 hours are needed.

4.5

The Perpetuum Mobile movie

A short, animated movie telling the story of an inventor trying to create a perpetuum mobile consisting
of solar cells, pumps, water wheel, and generator. The processes are rendered in imaginative form:
spirits represent forces of nature carrying energy from interaction to interaction. The movie serves the
teachers of young children. It can be used for all ages: primary and secondary school pupils. Pupils
watch the video and analyse together with their teacher the transformation and exchange of energy
between the spirits. They learn the name of the ‘spirits’ and observe that the system only works, if
energy is sustained by the sun and heat can escape to the environment. The video is 5:14 minutes long
and originally in German with English, Italian and Polish subtitles. Instructions for teachers are
provided; screening and discussing the video takes about 0,5-0,75 hours.
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4.6

Energy plays

Ideas for different role-plays in which students act as energy carriers (sun, electricity, heat, hydrogen)
and film their performances. It is for pupils of all ages ready to enter the stage. Pupils write a script for
their own energy story; they dramatize for example the processes happening in a fuel cell car. This
playful approach allows them to experience natural and technical processes with their own bodies.
The material comprises instructions for teachers and a worksheet for pupils. Implementation of plays
with recording and screening in class is for 1,5-2,5 hours/lessons.

4.7

Analysis of Models/Toys

Kids examine and compare different toys respective models, for example, a dynamo torch (crank
flashlight) and a fuel cell model car, using the work sheet provided by FCHgo. Teachers also receive
instructions for the lesson. It is for pupils of primary and lower secondary level. Pupils explore each
model in groups and describe how it works, before comparing the two models. They describe analogies
and differences of processes that are going on in the two models. The material comprises instructions
for teachers and a worksheet for pupils. Models must be provided by schools. The model analysis takes
about 1 hour.

4.8

Energy playing cards

A set of playing cards to ‘play through’ energy chains in games of domino and speed. The set contains
cards for every main energy carrier, including hydrogen. Every card displays a specific intensity to
indicate the energy content of the carrier. The card games can be played by pupils of all ages. Kids play
different card games, e.g. domino or find the energy carrier, according to instructions and learn about
the way energy carriers and exchangers are interconnected. The set includes 15 energy carrier cards;
introducing and playing with the cards is for 1 hour.

4.9

Kids Lab for age 10 to 14

We have developed a lab for pupils age 10 to 14 about FCH-technology. This lab runs from 4 to 8 hours.
We have written a detailed teachers guide for how to introduce the lab in their classroom. Every
activity comes with a student working sheet. We provide instructions for simple and easy-to-conduct
experiments. The teacher explains the experiments and pupils conduct them together in small teams
with help of the teacher. Depending on the age of the pupils, teachers can either work with decks of
cards (described in chapter 3.5), let the kids draw and write. After working with experimental
equipment, students are asked to put cards in the order they believe forces act in the system
investigated or they write and draw the experimental setup and the results from their experiments.

4.10

Materials for pupils age 13-18

To help teachers discussing Fuel Cells and Hydrogen Technology with older pupils, FCHgo partners UMK
and DTU developed a set of PowerPoint presentations and videos. They provide pupils with facts and
background knowledge about climate change, alternative energies and introduce to electrochemistry
taking the example of Volta’s pile. Also, different applications of fuel cells and hydrogen, e.g. in
mobility, are highlighted. By covering social, ecological and technical aspects of the energy transition,
the materials foster comprehensive understanding of the issue and prepare pupils for exploring energy
science and technologies themselves.
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5. Conclusion
In this report, the final version of the educational material developed during this project was described.
The content of the materials as well as the outline of the lessons are a result of many year’s research
on the impact of using narrative and metaphors in teaching.
About 1.500 pupils participated in the FCHgo pilot lessons and learned about (hydrogen) energy with
the toolkit’s games, experiments, worksheets and PowerPoint presentations.
Prior to the classroom activities, teachers received a training by FCHgo partners. In total, 82 teachers
participated. The feedback they provided from their classroom experiences helped FCHgo to review
the materials.
Due to COVID-19 health emergency, we founded the “FCHgo at Home” initiative. It intends to extend
the participation in the FCHgo project also to those who are staying at home with their families, to
those who are engaged in distance learning or those who are curious to learn about hydrogen.
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