Hands-on Science

Science Education.

Discovering and Understanding
the Wonders of Nature.

Edited by:
Manuel Filipe P. C. Martins Costa
José Benito Vazquez Dorrio

® %0

ONyS 7 Sews The Hand-on Science Network






Hands-on Science

Science Education
Discovering and understanding the wonders of Nature

ISBN 978-84-8158-841-5

Edited by

Manuel Filipe Pereira da Cunha Martins Costa, University of Minho, Portugal

José Benito Vazquez Dorrio, University of Vigo, Spain

'
Pl UniversidajVigo

l'\

Universidade do Minho

The Hands-on Science Network

The Hands-on Science Network © 2020 HSCI



i ©0

Qnds on Science

Copyright © 2020 HSCI

ISBN 978-84-8158-841-5
Legal deposit: VG 85-2020

Printed by: Copissaurio Repro — Centro Imp. Unip. Lda. Campus de Gualtar, Reprografia Complexo Il,
4710-057 Braga, Portugal

Number of copies: 400

First printing: June 2020

Distributed worldwide by the Associacdo Hands-on Science Network - contact@hsci.info

Full text available online (open access) at http.//www.hsci.info

The papers/chapters published in this book are exclusive responsibility of the authors.

Please use the following format to cite material from this book:

Author(s). Title of Chapter. Hands-on Science. Science Education. Discovering and understanding the
wonders of Nature. Costa MF, Dorrio BV (Eds.); Hands-on Science Network, 2020, Page numbers.

The authors of this book and the Hands-on Science Network, none of them, accept any responsibility for
any use of the information contained in this book.

All rights reserved.

Permission to use is granted if appropriate reference to this source is made, the use is for educational
purposes and no fees or other income is charged.

The Hands-on Science Network © 2020 HSCI



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature
© 2020HSci. ISBN 978-84-8158-841-5

Foreword

Science Education
Discovering and understanding the wonders of Nature

With our 17" annual Hands-on Science conference, at the very beginning of a
new decade that many of us are expecting to be the turning point of a certain
civilizational regression we are witnessing at different levels in our societies
and world for quite some vyears already, we decided to celebrate the
importance of Science Education to our lives and humankind as a crucial step
to Discover and Understand the so many Wonders of Nature!

And how wonderful remarkable and remarkably varied are all the “faces” of
Nature!

Sadly, not all of those “faces” are, always, pleasant to us... and, once more, we
were surprised by the amazing power of a sort of molecule... and the COVID 19
pandemic, in a way, turned our lives “up-side-down”. Showing, so clearly, how
important is to know and understand Nature... how important it is Science to
the survival and sustainable development of our societies and of humankind.
And also, and therefore, how decisive it is our role as Science Educators...!

Unfortunately, this year we will not be able to meet in person and share all
together a pleasant week enjoying the Nature’ scenery of Viana do Castelo’
mountain river and sea! However, we are together with our common goal, not
just in spirit but also online profiting from the technological advances Science
allowed in the field of telecommunications.

A good number of very interesting and meaningful contributions were brought
to HSCI2020 to be shown online at the conference website and or presented
live. As always, a large varied number of subjects are addressed in different
perspectives all with a common ground: to improve science education and
scientific and technology literacy in our schools and communities.

The book herein aims to contribute to the improvement of Science Education in
our schools and to an effective implementation of a sound widespread scientific
literacy at all levels of society. Its chapters reunite a variety of diverse works
presented in this line of thought at the 17th International Conference on
Hands-on Science held online, July 13 to 17, 2020.

Vila Verde, Portugal, July 3, 2020.

Manuel Filipe Pereira da Cunha Martins Costa
Editor in chief
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Antibio-Don’t! A Hands-on
Approach to Antibiotic
Resistance: the Use of Disk
Diffusion Method and
Bioinformatic Analysis of Proteins

| Sereno, S Pereira
University of Porto, Porto, Portugal
isereno@fc.up.pt

Abstract. Science education is essential to
promote scientific culture and the effectiveness
of “hands-on” approaches is undeniable,
promoting meaningful learning. A hands-on,
laboratory project is proposed to approach
antibiotic resistance in bacteria, adapting a
well-known protocol of transformation of
Escherichia coli with pGLO plasmid. To test the
ability to resist ampicillin, a Disk diffusion
method is proposed. Expression of Green
Fluorescent Protein (GFP) is used to introduce
structure-function concepts and bioinformatics
analysis with database use of protein 3D
structure, mutations and impact in protein
fluorescence.

Keywords. 3D Protein Structure, Antibiotic
Resistance, Bioinformatics, Disk Diffusion
Method, GFP, pGLO Transformation.

1. Introduction

Biology is an experimental science that also
relies on the creativity of the subject, so is
important to promote a hands-on approach
contact with scientific knowledge. This allows
students to construct their own knowledge,
being aided by the teacher, according to inquiry
principles. Keeping this idea in mind, promoting
practical activities, lab activities or experimental
work and fieldwork is crucial to students’
academic and personal development [1].
antibiotic

1.1. Microorganisms  and

resistance

The study of microorganisms has been
proved to be of great importance through the
course of history, from drug development to
interactions with other organisms, including
humans [2]. Therefore, it is not surprising that
the study of microorganisms is part of the
scientific curriculum. Microorganisms can bring
both best and worse sides from various
subjects and bacteria are no exception. They

can both improve and negatively affect food
industry, and show promising evidence
concerning anticancer activity [3]. Their
capacity to produce antibiotic components is
also widely known and studied [4].

Antibiotic resistance is not a new issue. To
survive in a highly competitor environment,
bacteria tend to develop abilities to gain
advantage. Increasingly, episodes of antibiotic
resistance and even cases of multi resistant
bacteria are being reported, having a direct
impact on humanity’s quality of life. Resistant
bacteria may emerge upon exposure of
bacterial populations to sublethal
concentrations of antibiotics [5]. According to
Eurobarometer [6], more than half of
Europeans believe that antibiotics are a
successful  treatment for virus caused
infections, such as colds, revealing a
widespread misconception. In this way, with
exaggerated antibiotic use, these compounds
can escape into the environment, derived from
human activities, such as farming and medical
uses [7]. Antibiotics are used widely in
agriculture and aquaculture and may result in
exposure of the consumer to these drugs [8].
Therefore, it is extremely important to address
the use of antibiotics, as well as the problems
that are associated with their misuse.

1.2. Competence, transformation and
gene regulation

A great way to understand how antibiotics
work on microorganisms is through genetic
engineering, and in particular, bacterial
transformation. Genetic transformation is a
widely used technique, where DNA from one
organism is incorporated in another. These
DNA molecules are inserted in plasmids, that
are characterized by being small circular
molecules, separated from chromosomal DNA,
having capacity to replicate independently.
Engineered plasmids are commonly used in the
laboratory as vectors in molecular cloning. This
gives the host the capacity to produce new
proteins, encoded by new genes and providing
different characteristics from the originals [9].

In order to save energy and increase their
efficiency, prokaryotic organisms possess
regulatory mechanisms that allow adaptation to
specific environments by regulating the
expression of specific genes. One possible way
to show students how this process works, is

1
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through competence induction in Escherichia
coli (E. coli), followed by transformation with
pGLO plasmid. This plasmid codes for
ampicillin (antibiotic) resistance, conferred by
B-lactamase, and for Green Fluorescent
Protein (GFP) whose expression is regulated
by a promoter of the arabinose operon. This
means that its expression will only occur in the
presence of this organic compound, allowing a
visual, simple and effective identification [10].

1.3. Technological revolution and

biological studies

Nowadays, due to the development of
techniques such as Next-Generation
Sequencing, it became possible to obtain large
amounts of information in a shorter period. To

be able to respond efficiently to these
technological advances, bioinformatics
emerges with enormous importance.

Bioinformatics is a field of study where
mathematics and computational power come
together to process biological data, extracting
valuable information and drawing conclusions.
To make this possible, two categories of
platforms were created: databases, that contain
and organize information, and tools, such as
sequence analysis and prediction of three-
dimensional protein structures, that aid to
analyse and make sense of this data [11].

1.4. Aim

In this work, a laboratory activity involving E.
coli transformation was developed, followed by
a bioinformatical analysis, aiming to provide
high school students (or even students from
first years of college degrees) a close contact
with molecular biology, but also to introduce
them to the field of bioinformatics, which is
being proved increasingly helpful to produce
new scientific knowledge.

2. Material and methods
2.1. Growth media

To prepare the Lysogeny Broth media (LB)
DIFCO (25 g.L™") for bacterial growth, 5 g of this
media were dissolved in 200 ml of distilled
water, in three flasks. 3 g of Agar (15 g.L™")
were added to each LB medium and sterilized
in the microwave. Microwave can be used as
an alternative to autoclave, since high schools
are not typically equipped with such devices,
and they have been proved to be a working

alternative [12]. It is important to monitor the
activity to prevent the sample from boiling and
overflowing. Dissolution is complete when no
suspended particles are observed. After cooling
down, 200 pL of ampicillin was also added to
two of these flasks, to a final concentration of
100 ym.mL™". Arabinose (600 mg) was added
to one of these flasks to the final concentration
of 3 mg.mL". Media was plated, being the
plates marked according to their composition.

2.2. Escherichia coli DH5a

E. coli is a widely used organism
academically, but also in terms of educational
practice, since it has a small genome, already
sequenced, and is easily manipulated, reason
why it is widely used to test new technologies.
DH5a is a non-pathogenic strain that was used

to perform this experiment since it s
engineered to maximize transformation
efficiency and it also lacks some
endonucleases, which could digest the

plasmids during the procedure [13]. It does not
produce significant repressor protein lacl, which
means there is no need to use lactose to
activate expression under the control of lac
promoter in high copy number plasmids.

2.3. pGLO plasmid

The pGLO plasmid used in this experiment
(Bio-Rad’s pGLO plasmid, Bio-Rad
Laboratories #166-0003-EDU) is broadly used
as a vector plasmid since it comprises several
interesting genes, such as the GFP, isolated
from a bioluminescent jellyfish, Aequorea
victoria, which allows to detect visually the
success of the transformation process, in the
presence of arabinose, and the ampicillin
resistance gene, allowing the host to thrive in
media containing the antibiotic.

2.4. Competence induction

Prior to competence induction, a culture of
E. coli DH5a was grown in LB medium,
incubated overnight at 37°C, with vigorous
agitation. Culture should then be cooled down
between 5 and 10 minutes. It is important to
keep cells at low temperatures and to be
properly handled, since cells are highly
sensitive throughout the hole procedure.

To induce competence in the E. coli DH5a
strain, a the CaCl2 method was used. 10 ml of
culture were centrifuged for 5 minutes, at 1500

2
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rom. Supernatant was discarded, cells were
resuspended in 5 ml of CaCl, (100 mM,
sterilized and previously cooled on ice) and
were placed on ice for 20 min. Afterwards,
centrifuging was repeated and supernatant
discarded. Then, cells were resuspended in 1
ml of CaCl,. Calcium chloride stabilizes
membrane negative charges.

2.5. Transformation

To transform E. coli competent cells, two 1,5
mL sterile tubes were prepared and identified
as +pGLO and -pGLO and placed on ice. Cells
previously prepared should be smoothly
shaken, to resuspend. 100 uL of the cell
resuspension should be added to each tube.
Plasmid DNA (5 uL) should be added to the
+pGLO tube and not to -pGLO. Both tubes
were placed on ice from 10 to 15 min.

To favour plasmid movement to cell interior,
a heat-shock was induced, placing both tubes
at 42°C for 45 seconds. After this time, tubes
were removed and placed on ice for 2 minutes.
Afterwards, working next to a flame, 400 uL of
LB media without antibiotic was added and
incubated for 30 to 40 minutes, at 37°C,
allowing bacteria to recover from the heat-
shock (recovery phase).

Finally, cells from +pGLO tube were plated
to LB+Amp and to LB+Amp+Ara plates and -
pGLO cells were added to LB and LB+Amp
plates. Plates were incubated overnight at
37°C, before checking for colonies. Finally,
plates were placed on a UV transilluminator to
check for transformed bacteria expressing (or
not) fluorescence. A low budget alternative
could be wused by replacing the UV
transilluminator by a homemade box with a UV
or black light, and a UV blocking lid, to
guarantee safe use.

2.6. Structural approach

To obtain three-dimension (3D) protein
structure, a search in Protein Data Bank (PDB)
[14] was performed. Structural analysis of the
target proteins was performed using an
academic version of PyMol [15]. Sequences for
GFP (uv, APD28479.1), Cyan Fluorescent
Protein (CFP, 50X9) and Yellow Fluorescent
Protein (YFP, improved, 1HUY) were retrieved
from PDB and National Center for
Biotechnology Information (NCBI) [16]. Multiple

alignment was performed using BioEdit [17],
being manually edited.

3. Results and discussion
3.1. Transformation

After every procedure was completed, the
plates were observed and results were
registered. As shown in Fig. 1 and Fig. 2,
obtained results were in line with previous
results [18].

>
b

Figure 1. Plates with non-transformed bacteria
(without pGLO plasmid) in LB medium (A) and in
LB+Amp medium (B)

Concerning plates that did not contain pGLO
plasmid, LB medium plate showed a lawn
growth. This plate was used as a control for the
quality of the culture, since it did not contain
growth inhibitors. The plate that contained LB
medium and ampicillin, in contrast, did not
show any growth, since bacteria did not contain
the antibiotic resistance gene.

Figure 2. Plates with bacteria transformed with
pGLO plasmid in LB+Amp medium (A) and in
LB+Amp+Ara medium (B)

The pGLO recombinant cells contained
genes that coded the ampicillin resistance
gene. Considering this, plates with LB medium
supplemented with ampicillin showed bacterial
growth in colonies. In some cases, satellite
colonies were observed. This result could be
related to a longer incubation, as it was
reported in previous studies [19]. This is related

3
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to the fact that resistant bacteria release [-
lactamase to media, which is associated with
ampicillin decreased efficiency, due to the
hydrolysis of ampicillin, which allows non-
resistant cells to grow [20]. The appearance of
small colonies could be also explained by the
quantity or concentration of ampicillin used or
even to adding ampicillin to a hot medium,
decreasing its efficiency. To avoid these
formations, plates should not be maintained on
the incubator for too long. When placed on a
medium  containing LB, ampicilin and
arabinose, plates showed white colonies. When
placed in the UV transilluminator, cells
containing pGLO plasmid only showed
fluorescence in medium containing arabinose,
since that sugar is needed in order to express
GFP.

Even though this process is considered
efficient in school environment, only a very

small percentage of these bacteria can
successfully complete the procedure of
competence induction and transformation,

which explains the reduced number of colonies
formed.

3.1.1. Disk diffusion method

Sometimes students find it difficult to relate
the results obtained in different media. In this
case, a good alternative to this experience is
the use of disk diffusion method [21]. To be
able to perform this experiment, media should
be prepared exactly as described before with
one small difference: they should not contain
ampicillin. An ampicillin disk should be added
later, after spreading bacteria, at the centre of
the plate. The remaining procedure should
occur as described before.

Expected results should go in line with the
previously described in this work, with the
exception that is possible to observe different
results, in the same plate, as shown in Fig. 3.

Concerning plates containing cells with no
plasmid, the plate without ampicillin disk (Fig.
3A) functions as a bacterial culture control.
Since the LB medium does not contain
antibiotic, it is expected that bacteria show lawn
growth. On the other hand, the plate that
contains LB medium and an antibiotic disk (Fig.
3B), an inhibitory halo should appear, since

these cells do not contain the ampicillin
resistance gene.

A B
’\ . / \ —— /
c D
K\‘ — ///// & /

Figure 3. (A) non-transformed bacteria, LB
medium, (B) non-transformed bacteria, LB
medium with ampicillin disk, (C) transformed
bacteria, LB + ampicillin disk, (D) transformed
bacteria, LB + arabinose + ampicillin disk

In terms of plates containing bacteria
transformed with pGLO plasmid, plates with
LB+Amp disk and plates with LB+Ara+Amp
disk are expected to show the same result at
the naked eye (Fig. 3C): an inhibitory halo,
containing a small number of white colonies,
surrounded by Dbacteria biofilm  growth,
containing both transformed and non-
transformed bacteria. This is expected to
happen since the surrounding area won’t be
exposed to ampicillin, therefore, both
transformed and non-transformed bacteria are
able to grow. When exposed to UV light,
transformed bacteria placed in LB+Ara+Amp
disk plate are expected to express fluorescence
within the inhibitory halo, since the presence of
arabinose allows GFP to be expressed (Fig.
3D). In this case, it is possible that no
fluorescence is shown in the lawn region, due
to both the low efficiency of the transformation
method and to possible high bacteria density.

3.2. Bioinformatics

Some biologic concepts are hard to
understand since they are theoretical, requiring
a great abstraction capacity. This could be
particularly difficult at some ages. On the other
hand, the young are constantly exposed to new
technologies, which means most of them
contact daily with several devices. Combining
these two worlds, bioinformatics can bring a
whole new approach in school context. It has
been reported that the use of new technologies
in the classroom is related more significant
learning [22]. Bioinformatics is also a good
approach to use, since it requires material that
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is present in most schools and can promote
both autonomy and teamwork.

Here it is suggested an approach in two
steps (1) seek protein sequences of GFP (uv),
CFP and YFP (improved) and (2) retrieve these
protein structures. GFPuv is an optimized GFP,
that is obtained by replacing Phe99Ser,
Met153Thr and Val163Ala, resulting in higher
expression in bacteria [23].

Illlll'l"l'llllll

€0 70
GFPuv (APD28479.1) LVTTESKEVCCESRYPDH]
YFP_1HUY  [.....1) 1 D (R
CFP_50X9 FI, ;.. | NS TR
65/ \66

Figure 4. Protein sequence alignment of
different fluorescent proteins. Differences in the
chromophore region are highlightened (in
yellow, residue 65 and in cyan residue 66)

Figure 5. Protein structures of GFP (A), CFP (B)
and YFP (C)

To promote the ability to search for
information in different locations, the protein
sequences were taken from two databases:
NCBI and PDB sites. After retrieving
sequences, they were aligned in BioEdit, where
it was possible to compare differences between
each fluorescent protein, as shown in Fig. 4.
Students should be able to detect aminoacidic
differences and relate them with available

information retrieved from literature [24].
Depending of the target classes for this
approach, information about differences

between these proteins should be provided, to
help focus the target of analysis, or students
should be led to seek the information. With this
work, it is possible to approach different types
of mutations, namely through the distinction
between synonymous and non-synonymous
mutations. To do so, the original DNA
sequences can be retrieved from the same
databases, the different codons analysed, as

well as their translations to the same or to
different amino acids.

The second part of this analysis is related
with protein structures. GFP 3K1K, CFP 50X9
and YFP 1HUY structures were retrieved from
PDB. First, using PyMol software, students can
handle each protein structure and explore
different functions, including amino acid
display, protein folding or even mutagenesis,
depending on their background. In this case, a
simple approach is suggested, starting by
retrieving, opening and observing three protein
structures (GFP, CFP and YFP), as it is shown
in Fig. 5.

After this introduction, students should be
proteins,
GFP and

directed to overlap
differences between
proteins (Fig. 6).

comparing
remaining

Figure 6. Overlapping of GFP and YFP (A) and
overlapping of GFP and CFP (B)

A

1

1\"1/\/)—\ Chromophore
Ser65, Tyr66, Gly67

Chromophore
Thr65, Trp66, Gly67

Chromophore
Thre5, Tyre6, Gly67

Figure 7. Highlight of the chromophore zone,
constituted by residues 65-67. (A) GFP, (B) CFP,
and (C) YFP

When comparing structures, students should
be able to detect some differences in the
chromophore region. In GFP, the chromophore
is formed by Ser65, Tyr66 and Gly67, but when
it comes to the other fluorescent proteins,
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amino acids change (Fig. 7). CFP contains
Thre5, Tyr66 and Gly67 and YFP has Thr65,
Trp66 and Gly67. These changes are in
accordance with previous reports and are
related to the different colours shown by these
proteins [24].

VAL-61

GLU-222

Figure 8. Close up on polar contacts of each
fluorescent protein chromophore. (A) GFP, (B)
CFP, and (C) YFP

A final approach is suggested, by using a
slightly more advanced tool, which studies
polar connections between chromophore and
some aminoacidic residues. In some cases,
these contacts are common to two, or even
three of the studied proteins (Fig. 8).

Polar contacts established between each
chromophore and amino acids matches in all
three structures for residues 61, 94 and 96.
Considering residue 148, it is possible to detect

differences between GFP and CFP (Fig. 9).
This can be explored by showing how different
amino acids have different structures. Finally,
contrarily to GFP and CFP, in YFP there is no
contact between the chromophore and Glu222.
This is a great opportunity to mention that
different aminoacidic sequences result in
different 3D protein structures. Using this tool,
students can combine several scientific areas,
such as biology, chemistry and physics.

HIS 148

Figure 9. Residue 148 is different in (A) GFP
(His148) and (B) CFP (Asp148)

4. Conclusion

It Is possible to promote interesting activities
for students, even with low budget, by using
cheaper alternatives or by establishing
collaborations between schools and universities
or science centres. We live on a technological
era and it is in our power to take advantage of
the benefits that these resources bring.

Using transformed E. coli strains allows
students to visually understand the effects of
antibiotics and tighten the bridge between
“school knowledge” and ‘day-to-day
application” of the theoretical knowledge,
contributing to population’s scientific literacy
and increasing the percentage of informed
individuals. A hands-on approach allows a
direct, personal contact between student and
life sciences, which allows a meaningful
learning experience.

Disk diffusion method is a good alternative
to allow students to understand differences
between transformed and non-transformed
bacteria, but also the difference between
presence or absence of antibiotic, in bacterial
growth. The analysis using bioinformatics might
be a great asset to introduce in schools, since it
does not require very specific equipment and
can catch the attention of students.
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This experiment allows to introduce matters
of great importance, such as antibiotic use and
resistance as a starting point for many other
matters. It also provides a glimpse of the
potential use of bioinformatics not only for
academic research, but also for application in
medicine, biotechnology and many others.
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Abstract. The research project “Inductive
Signatures” intends the design of a prototype
for detection and registration of vehicle
inductive signatures. In this paper, we explain
different activities performed with two
objectives: 1) explain fundamental concepts of
electromagnetism and 2) disseminate results of
this research project. The materials, designed
to bring ideas to the society in general, have
been used for the exhibition that took place in
the Cultural Intervention Space of University of
A Corufia (A Normal).
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Research Project.

Exhibitions,

1. Introduction

“Inductive Signatures” is a research project
of University of A Coruia (UDC) which intends
the design of a prototype for detection and
registration of vehicle inductive signatures.
These signatures will allow to determine
important parameters for traffic control as, for
instance, the vehicle type, the road occupancy,
the vehicle speed, etc. For this purpose, we
have developed both hardware and software [1,
2]. The physical layer of our prototype is based
on the well-known phenomenon of the
electromagnetic induction.

The most common way to publish and
disseminate the results of research projects is
through articles published in journals or in
conference proceedings. However, the authors
consider that new alternatives must be
explored in order to translate knowledge of
science and technology closer and more
efficiently to society in general. For this reason,
we have developed materials and different
activities related to this “Inductive Signatures”
project.

We have elaborated some material for the
informal learning of electromagnetism (physical
basis, history and applications) and for making

more accessible to all types of public the
different elements that are part of our
prototype. This material has been used in the
exhibition that took place in one of the
showrooms of A Normal, the Cultural
Intervention Space of UDC, from December
18", 2019 to January 31°', 2020 [3]. During this
exhibition we have also held a workshop for
children from 6 to 12 years. The results
obtained from a survey show high satisfaction
of all participants i.e., maximum scores in all
items.

This paper is organized as follows. Section 2
presents the explanations devoted to
fundaments on electromagnetism. Section 3
shows the research project on vehicle detection
and registration. Finally, a discussion and
conclusions are included in Section 4.

2. Exhibition on electromagnetism

This section about the exhibition is oriented
to disseminate the fundaments of
electromagnetic induction needed to
understand our research project.

Divulgando o electromagnetismo:
prodixiosos avances en menos de 100 anos

Figure 1. Poster to explain prodigious
breakthroughs on electromagnetism

Figure 1 shows the poster (in Galician)
which presents some of the prodigious
breakthroughs performed in less than 100
years by leading scientists, as follows,

o 1785: Charles-Augustine Coulomb
mathematically describes the electrostatic
force of attraction and repulsion of electric
charges, which is known as Coulomb's law.

e 1820: Hans Christian Oersted empirically
discovers the relationship  between
electricity and magnetism. His experiment
shows that an electric current produces a
magnetic field.
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o 1826: André-Marie Ampeére formulates the
so-called Ampére's law, which allows
magnetic fields to be calculated from
electric currents. It also contributes to the
development of the galvanometer.

e 1831: Michael Faraday detects induced
currents for the first time and transforms
magnetism into electricity, performing the
Oersted experiment in reverse. Fourteen
years later he discovers the magneto-
optical effect, known as the Faraday effect.

e 1835: Johann Carl Friedrich Gauss
contributes in a fundamental way to
electromagnetism with the formulation of
what are known as Gauss's laws for
electricity and magnetism and from which
two of Maxwell's four equations are derived.
Gauss's law for electricity can be used to
derive Coulomb's law, and vice versa.

e 1873: James Clerk Maxwell publishes his
electromagnetic theory, which for the first
time brings together electricity, magnetism
and light as elements of the same
phenomenon, known as electromagnetic
phenomenon. Maxwell's four equations
rewrite Gauss's laws and Faraday's law and
also correct Ampére's law.

Prodigious inventions arise from this
formulation of the electromagnetic theory, such
as the electric lamp (by Edison) or the
alternating current generator (by Tesla), and
also leads Einstein to formulate his theory of
relativity. Moreover, in the middle of the
twentieth century the modern quantum
electromagnetic theory storms in [4].

We have designed also several experiments
to understand main concepts of magnetism and
electromagnetism. Figure 2 shows three
activities, which are,

o Experiment to see the magnetic field lines
of magnets using two transparent plates
with small magnetic bars. The exhibition
visitants can view the effect of magnetic
and non-magnetic objects with these bars.

e Experiment of magnetic induction using a kit
made up of a coil of 1100 turns, a
rectangular magnet, and a galvanometer.
Introducing the magnet into the coil
generates an induced current that is
measured in the galvanometer. When
removing the magnet another current is
generated but of opposite sign. In addition,
a non-magnetic bar does not induce

current.

e Experiment of employing electromagnetic
induction to turn-on a lamp. A coil is
affected by a variable magnetic field when
the visitor moves a handle. This generates
an electric current that lights a light bulb.

Figure 2. Experiments on electromagnetism

3. Exhibition on vehicle detection

Traffic monitoring is one of the most
important aspects of Intelligent Transportation
Systems (ITS), essentially those applications
whose aim is to count the number of vehicles
on a roadway or to know their speed,
occupancy, or structural characteristics like
density and type.

Since their introduction in the 1960s, the
active sensors known as Inductive Loop
Detectors (ILDs) are the more commonly used
sensors in traffic management systems. This
type of sensor has the advantages of being a
highly developed technology; of simple
operation; of being unaffected by environmental
conditions, and of low installation cost.

During the last years, the authors of this
paper have worked on the development of
hardware and software for vehicle identification
from ILDs. In [1], we propose a multiplex
system for the Simple Detection of Inductive
Vehicle Signatures (SiDIVS) that does not
require the use of complex and expensive
analogue processing circuits or of analogue
signal acquisition methods. In [2], we propose a
novel method for vehicle classification based
on only one signature acquired from a single-
loop sensor, in contrast to standard methods
using two loops.
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Figure 3. Poster to explain the main ideas of the
research project

For the exhibition, we have designed some
material to disseminate the research project to
general public. Figure 3 shows the poster with
the following descriptions:

e System elements: 1) a coil of rectangular
conductive wire; 2) a road with two lanes
through which vehicles travel and with two
coils embedded under each lane; 3) an
electronic system for detection placed on
the cabin, and 4) a vehicle with a non-plane
lower profile that passes or stops over the
coils.

e How is our electronic detector? The coil of
rectangular wire embedded in the driveway
is connected to an Alternative Current (AC)
source. The created variable magnetic field
induces currents almost rectangular in the
lower profile of the vehicle. These currents
cause a variation in inductance and in the
period of the signal which is detected by our
system.

¢ How do we identify the vehicles? Classical
classification methods are based on vehicle
length estimation. Length estimation uses
inductive signatures recorded with two
coils. We devised a classifier that does not
need both coils based on the inductive
signature in frequency.

In Figure 4, we can see a photo of the
showcase with the elements of our prototype: a
3D model of both the road and the car and the
scheme of the electronic device. The visitants
can interact with this material to observe the
signature acquired by our prototype when
different cars (in 3D models) pass on the road
(in 3D model). The signatures of each coil are
shown in a small display.

Figure 4. Showcase with element of the research
project

Finally, we have also designed a mobile game
oriented to simulate different car profiles. At the
same time that the user designs the profile of a
car, van or truck, our mobile application shows
the signature that theoretically would generate
when going through the coils. Figure 5 shows a
photo of the tablet where the game is available,
and the corresponding explanatory sheet.

Figure 5. Mobile application of the research
project

4. Discussion and conclusion

The dissemination of research projects for
general public is an important challenge for
researchers used to publishing results only in
journals and research conferences. It requires
to determine the more important aspects of the
project and the relationship with concepts close
to potential exhibition visitors. In particular, in
our exhibition we focus our attention on the
fundamentals of electromagnetism and on the
connection with ILD detectors.
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We think that through the combination of all
simple explanations, showcases, and
experiments we have been able to explain the
fundamental concepts, avoiding technicalities.

In 2020, we have also participated with this
project in the “Open Day” event organized by
the Faculty of Computer Science of our
university, oriented to potential new
undergraduate students and also this material
is being currently used for school visitors to the
Centre for Information and Communications
Technology Research (CITIC) of University of A
Corufa.
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Abstract. Inquiry is an approach in which
motivated learners participate in their learning
and build their own scientific knowledge.
Students' learning outcomes in the inquiry
process can be presented as a learning
experiences in a science fair projects. In the
present study, which was conducted in 2019 -
2020 academic year in the Qarchak city in
Tehran province, the female students of Erfan
school in grades 7 to 9, first participated in the
learning process based on inquiry and then
presented their learning experiences in a
scientific exhibition. An attitude scale based on

science,  technology,  engineering and
mathematics (STEM) was used to assess
students' attitudes toward science and

technology and students completed the attitude
scale before and after visiting the exhibition.
They were also asked three open-ended
questions for reviewing students' attitudes
towards science and technology. The results of
the study show that the exhibition of students'
learning experiences can lead to a significant
difference in students' attitudes towards
science and technology and make them
interested in science and career future in this
regard.

Keywords. Attitude, Inquiry, Learning
experiences, Science education, STEM.

1. Introduction

Today, the wuse of inquiry in science
education as an appropriate approach to
fostering thinking has been accepted by
science  education researchers. Paying
attention to learning experiences in inquiry can
create a good environment for teaching and
creating attitudes to science in learners [1-2].
Learning experiences are activities that
learners do in order to achieve educational
goals. The student has a more active role in

learning experiences. Experiences and learning
activities give students a great opportunity to
solve problems. Learning experiences should
also give the student the opportunity to review
and study the content related to the intended
purpose.

Learning experiences should be chosen in
such a way that the student is satisfied. If
learning experiences and activities are not
satisfactory for the learners, the desired
learning will not occur in them. Students'
desired response to learning experiences
occurs when these activities are consistent with
students' abilities. In other words, learning

experiences and activites should be
commensurate with the student's current
growth, knowledge, aptitude and ability.

Therefore, if the learning experience is such
that the student is unable to do so, it is difficult
or impossible to achieve educational goals. So,
in order to choose learning experiences that
are appropriate to the students' abilities, the
teacher must have sufficient information about
the current knowledge, aptitude, backgrounds
and cognitive structures of the learners.
Meanwhile, the teacher can provide conditions
that motivate him or her to engage in the
learning process. During the learning process,
the teacher also controls the students' learning
experiences in order to put them in the right
direction. To do this better and more effectively,
the inquiry approach can be used.

A variety of experiences and activities can
be used based on inquiry to achieve
educational goals. Students' learning
experiences can be presented in a science fair
projects [3-4] and visited by other students,
who can get acquainted with other experiences
and encourage them in their own learning
process. In the present study, the inquiry based
learning experiences of students were
presented in science fair projects and the effect
of this fair on students' attitudes towards
science and technology was studied.

2. Methodology

In this study, female students in the seventh
to ninth grades from Erfan and Hadis Mehr
schools in the Qarchak city at Tehran province
in academic year 2019-2020 were given
projects on concepts related to mathematics,
science and technology (Figures 1- 6). To
delegate projects to students, the talents,
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interests, and materials available for doing the
activities were considered. Emphasis was also
placed on innovation and creativity in carrying
out projects. After ten days, the students
reported their ideas in the presence of the
teacher, some of which they had established
individually and some by forming two-person
groups. After reviewing the plans by the
teacher and providing guidance if it was
necessary, the students were notified to make
and prepare their plans for two weeks. The
students started to build their structures and the
plan within the given time.

Plans made by students were reviewed
again in the presence of the teacher to be
corrected if necessary. For this purpose, the
teacher used appropriate questions for
students' thinking. With the questions asked by
the teacher, the students modified and
completed their plan. After completing the work,
the report was presented by the students and a
brochure of the work was prepared.

Along with completing the learning
experience, the teacher provided necessary
guidance to the students so that they could
master the concepts related to their learning
experiences. This process leads students to
have sufficient mastery of the concepts

associated with their learning experiences.

Figure 1. Some science projects (mathematics)
presented by students

The final learning experiences were then
displayed in an exhibition at the female Erfan
school based on the topic and the relationship
between the concepts and the students were
able to visit it and listen to the explanations of
the person providing the learning experience at

each station. They had a discussion about
learning experience with each other.

Figure 2. A number of technology projects
provided by students

Figure 3. Some science projects (physics)
presented by students

For investigating the effect of science fair
projects on students' attitude to science and
technology, the STEM attitude scale in the form
of a five-point Likert scale with six factors
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(Mathematics, Technology, Engineering,
Science, Science, Mathematics, Engineering,
Technology and Career) for secondary school
students was used [5]. Before visiting the
exhibition and after visiting, the students
completed the STEM Attitude scale. The
Cronbach Alpha (a) internal consistency
reliability value of the STEM attitude scale was
found to be 0.773 in this syudy. Also, after
visiting the exhibition, the visitors answered
three open-ended questions about their attitude
towards science and technology.

Figure 4. Some science projects (chemistry)
presented by students

Figure 5. Some science projects (geology)
presented by students

3. Results and discussion

The projects presented in the exhibition
were about 120 learning experiences (Fig. 7) in
the fields of chemistry, physics, biology,
geology, mathematics and technology in six
sections, some of which are listed below:

Physics: pressure concept, Jack and
hydraulic lift (based on Pascal principle),
making machines with special wheels to
display friction force, Newton s cradle,
making pulleys, levers and gears for the
concept of machines, pendulum and
more.

Chemistry: Fruit and charcoal batteries,
chemical change experiments, Light
production with pencil, optical sensor,
Making mock-up of the distillation
process, detecting starch in a variety of
materials and more.

SR 3 Il ol

Figure 6. Some science projects (biology)
presented by students

Biology: Eye illustration mockup, heart
illustration mockup, respiratory
illustration mockup, diaphragm and
lungs illustration mockup, the structure
of the urinary tract, the hand and muscle
illustration mock-up, plant cells and
more.
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o Geology: Astrolabe, earth's crust, the
process of waterfall formation, volcanic
formation, Earth illustration mock-up
and more.

¢ Mathematics: Sudoku puzzle, Rubik,
spaghetti structures, Mobius tape,
geometric volumes, number axis,
scales, abacus and more.

o Technology: Telescope, water and air

pump (based on the concept of
pressure), turbines, fans, washing
machine, vacuum cleaner, Galileo

thermometer, mixer, microwave oven,
popcorn machine for the concept of heat
transfer, wind meter and more.

The study of presented projects shows that
in most of them, there is a connection between
various science topics and steps have been
taken to create technology for human comfort
and well-being. In their learning experiences,
students could feel the connection between
science and technology through mathematics
and engineering.

Figure 7. Science and technology fair projects
based on learning experiences in inquiry

Analyzing the results of the STEM attitude
scale shows that there is a significant
difference between the attitude of students
before and after visiting the exhibition in the
attitude towards science and technology, and
this shows the effectiveness of exhibiting
students' learning experiences in creating a
positive  attitude towards science and
technology.

Analyzing the open-ended questions of the
visitors' answers shows the interest of students

towards science and technology, some of
which are mentioned here.

Question 1: What caught your attention at
the science fair projects?

In response to this question, most of the
participants pointed out that in the exhibition,
they noticed creativity, innovation and
enthusiasm of students to explaining their
hasnds on activities, and they realized that they
can come up with ideas with simple and
affordable tools. Therefore, as a result of this
visit, some participants were motivated to build
similar structures so that they could later apply
the science to everyday life. Some students
also said that in this learning environment, they
were able to gain a deeper understanding of
previously learned concepts. Visitors also
mentioned learning experiences that were
interesting to them.

Question 2: What decision do you make
after visiting the exhibition in the field of science
and technology?

The participants expressed their emphasis
on strengthening their attitudes and motivations
as the use of science in daily life. Visitors also
expressed their enthusiasm to strive for science
and technology. In this regard, the following
can be mentioned:

e In the future, | will have a job in
technology.

e In the future, I will create a job for
myself in the field of technology.

e | became very interested in science
and | would like to choose a field
related to science and technology.

e | try to work better and more in the
fields of science and technology than
before.

e Let's use science more in our lives

e | decided to come up with new ideas
in science and technology.

e What inventions can be made with
simple things.

e Science is very interesting.

e To create more interesting ideas in

the fields of science and
mathematics by thinking and
reasoning.

e | decided to participate in future

learning experiences exhibition.

16



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

e | decided to do more research on
technology related to science.

e Science and technology are very
important.

decided
experiments.

e | decided to think about what | had
learned so that | could create new
and better ways for others to learn
science more easily.

o | to do more science

Question 3: Visitors were asked to comment
on science and mathematics.

In response to this question, the visitors of
the exhibition pointed out the importance of
science and mathematics in daily life and
stated some of the following:

= Science and math are very important in

our lives.

= Science and math are very good and
practical.
Science and mathematics are very
useful in life.

= We can use science a lot in our daily
lives, and I'm really interested in
science and math.

= Science and math are enjoyable.

= | love math and science, and | want to
study science. Of course, | also like
math, but | have trouble understanding
some of its examples.

= | am interested in science and | want to
study in this field.

= Science and mathematics are related
together and have many applications in

life.
= | am interested and would like to learn
science and mathematics

professionally.

= Sometimes they can be sweet and
interesting.

= Two lessons you need to understand,
not memorize.

= These two lessons are practical and
useful in society. They provide us
comfort and well-being.

= Science, math, and
complement each other.

= | am interested in science and my future
job will be in this field.

= Science and mathematics are
interrelated, and both are essential in
achieving a technology.

technology

= |t was interesting to see the connection
between these two lessons.

4. Conclusion

It is very enjoyable for each person to
acquire knowledge during the active learning
process, and this occurs during the inquiry
based learning process, which can be
presented as a learning experiences. Providing
an exhibition to present experiences can have
a significant impact on the attitudes of all
learners to science and technology, even those
who did not participate in the presentation of
learning experiences.

it should be noted that the designing of
science fair and how the students participate in
it to present their learning experiences will
affect the effectiveness of exhibition. It is also
necessary to provide appropriate conditions for
students to be involved in the inquiry based
learning process in science in order to achieve
the learning experience appropriately and its
connection with technology.

Therefore, the role of the teacher in guiding
learning activities in order to achieve the
desired effectiveness in learning is important.
On the other hand, the educational
management of schools can help to achieve
the desired results by providing appropriate
conditions to support of this process and the
establishing a science exhibition.
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Candasat I: from a Secondary
School to the Edge of Space
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Abstract. In this paper we describe the first
space mission carried out at the IES de
Candas; it consisted basically in designing
testing, launching, recovering and analysing
collected data of a payload flying to the
stratosphere driven by a helium-filled high
altitude balloon.

The main purpose of this experience was to
demonstrate that it is feasible and worthwhile to
develop and fly a low-cost scientific payload on
a balloon-borne platform.

The activities lasted for several months and,
after some cancellations and delays due to
meteorological and legal issues, the balloon
reached the stratosphere, obtaining data of
position, temperature, pressure, humidity and
wind as well as some pictures and videos.

By participating in this project, students
developed 21% century learning skills like
creativity, innovation, communication and
collaboration, critical thinking and problem
solving, as well as life and career skills like

productivity, perseverance, leadership and
responsibility.
Keywords. Space, Education, Robotics,

Arduino, STEM.
1. Introduction

The near space is the region of Earth’s
atmosphere located between 20 to 100 km of
altitude, including the stratosphere,
mesosphere, and the lower thermosphere.
During the last recent years, there was an
emerging interest in flying balloons to the edge
of near space, due to recreational and
educational purposes and facilitated by the cost
reduction for most of the electronic and
mechanical components.

The view and environmental conditions in
this part of the atmosphere are rather similar to
outer space, that’'s why these balloons are said
to reach to near-space. The participation of
secondary school students in the entire near-

space mission, including the design,
construction, testing, launching, tracking the
balloon trajectory using GPS systems, and data
analysis after recovering, makes this high-
altitude ballooning an attractive small-scale
version of real spaceflight programs that is
suitable to implement in secondary schools [1].

2. Objectives and motivation

The main purpose of this experience, from
the scientific point of view, is to approach the
climate crisis and environmental sustainability,
one of the issues that most concerns our
society. We want students to reflect on the
human impact on climate change and play an
active role in the global response to the climate
change.

Figure 1. The balloon, payload and parachute at
the moment of launching

We also propose to focus on the topic of
space and space missions [2] and how their
exploration allows us to have a better
understanding of our planet [3].

In this sense, the objective is to study the
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atmosphere, composition, properties and
dynamic phenomena by launching a
stratospheric device [4], driven by a helium
balloon and equipped with electronic systems
to measure physical parameters and a SD card
for data recording and further analysis.

From the pedagogical point of view [5], our
students were encouraged to demonstrate that
it is possible to launch a high altitude balloon in
an educational environment, which means, with
no high level of scientific previous knowledge
and reduced budget.

3. Motivation and preliminary work

From the pedagogical perspective, our
students were encouraged to demonstrate that
it is possible to launch a high altitude balloon in
an educational environment, and they were
able to look for information about similar
experiments [6], design electronic systems and
mechanical elements, as well as they could
design, elaborate and integrate the different
systems; moreover, they could conduct some
hands-on activities to test the performance in
different extreme space-like conditions. The
most challenging concern was to be able to
localize and recover the payload after landing
to analyse the collected data, images and
videos.

Launching a device to the near space is an
exciting and stimulating activity for students
and also for teachers, parents and other

members of the educational community [7].

Figure 2. The earth photographed from near the
maximum altitude of 25000 meters

In general, for projects involving high altitude
balloons (HAB) the following components are
needed:

e A latex balloon, there are a wide range
of weights and sizes, which should be

select depending on the ability to be
inflated with helium, the weight of the
payload and the expected altitude to be
reached. Common use for HAB may
weight 200-2000 g.

LANZAMIENTO DE UN GLOBO
ESTRATOSFERICO

IES CANDAS (ASTURIAS) IES ANTONIO GARCIA BELLIDO (LEGN)

Consiste en lanzar una sonda para estudiar las propiedades de la
atmosfera a diferentes altitudes, de forma similar a los globos
meteorolégicos.

La sonda pesa alrededor de 1 kg, incluyendo una caja de porexpan,
una camara, un localizador GPS y una placa electrénica Arduino, con
sensores de presion, humedad, temperatura y altimetria, asi como
una pila y un grabador SD (escribe los datos una tarjeta microSD).
Todo ello sube impulsado por un globo de helio y, al alcanzar una
altitud entre 25 y 30 km, el globo explota y la capsula cae lentamente
con la ayuda de un paracaidas.

La velocidad de subida es de entre 5y 6 m/s y la de bajada alrededor
de 4-5 m/s, con lo que la experiencia de subida y bajada dura
alrededor de 2,5-3 horas.

4 DE DICIEMBRE DE 2019

Figure 3. Poster announcing the launching at
IES Garcia Bellido

LUGAR
PATIO DEL IES ANTONIO
GARCIA BELLIDO

e A payload, including the container and
all the necessary electronic circuits and
devices for conducting the experiment
and retrieving the collected data.

e A parachute, used for diminishing the
descent rate after and avoid undesirable
and unrecoverable damages for the on-
board equipment during landing.

e A ground station used for communication
during the flight and after landing for
successful recovery of the payload.

In a first step, students conducted an
organized search for information about similar
projects carried out by different institutions all
over the world, including research and
academic institutions, meteorological agencies,
schools and amateur clubs.
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They were able to look for information about
similar experiments, design electronic systems
and mechanical elements, as well as they could
design, elaborate and integrate the different
systems; moreover, they could conduct some
hands-on activities to test the performance in
different extreme space-like conditions.

The students worked in groups on the
design of the capsule, the electronic
instrumentation and the assembly and launch
systems, as well as the preliminary tests with
the aim of minimizing possible eventualities and
unforeseen events. The probe was equipped
with an electronic system, based on Arduino
technology, for taking data of inner and outer
temperature, pressure, humidity, etc. and its
recording on an SD card. A GoPro camera was
incorporate to take images and videos during
the journey, as well as two systems with GPS
and an APRS device for surveying the path
during the flight and, specially, for its location
and recovering after landing. All this devices
were conveniently fastened and protected in a
polystyrene container.

4. Design

In this first space mission, our expectations
were limited to the launching of the balloon and
successful recovering of the payload, without
aspirations to complicated scientific

measurements or other kind of experimental
tests in space-like conditions.

fritzing

Figure 4. Circuit for temperature and humidity
measurements

The electronic system was designed based
in an Arduino platform, with the following
devices:

- DHT11, is a low cost temperature and
humidity sensor, widely used in different
applications, it was placed outside the
container in order to determine the

temperature and humidity of the
atmosphere at different altitudes.

- Bmp180, is a low cost pressure and
temperature sensor; it was situated
inside the container in order to measure
the pressure and the temperature
compared with the environment, in order
to check the properly thermal insulation
provided by the container walls.

- Micro SD card module, that allows the
communication between the Arduino and
the memory card in order to write the
information provided by the sensors on
removable devices for future data
analysis.

Students designed the circuits separately
and implemented for testing. Fritzing software
was used for design the electronics and
Arduino Integrated Development Environment
(IDE) was used to code the programs for
retrieving data from sensors and write them on
a micro SD card.

Two sport cameras were used to take
pictures and videos, one of them was placed
directed to ground and other was placed on
one side of the container box.

A smartphone was used as a way to track
via GPS and transmit the position of the
payload during the experiment.

Figure 5. Assembling the battery, heater and
electronic systems in the payload box before
launching

An additional satellite GPS tracker was
used: the SPOT Trace, which offers advanced
tracking by using satellite technology for
communication with a ground station managed
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by the manufacturer and retrieved to users via
web in near real-time; it can communicate
anytime from some of the most remote

locations around the world where mobile phone
stations signal is not available.

Figure 6. Packed payload ready for launching

A third GPS locator was implemented, in
order to avoid failures or breakdowns which
would compromise the recovering of the
payload and, consequently, the success of the
mission. It consisted in an APRS-based system
which used the network of the radio amateur
operators, who were “listening” the position of
our mission from more than 500 km far and
eagerly reporting their findings.

As a power supply a special power bank
was used, that provides electrical energy for
the electronics and, at the same time, thermal
energy. This device is used as a heater that
keeps the temperature inside the container at
values within the range of operational
temperatures for the electronics.

A polystyrene foam 40 mm thick box was
used to enclose all the devices as well as
protect them against shocks, impact and
sudden movements. At the same time, the
polystyrene walls acted as an excellent thermal

insulator, in order to keep working the
electronic systems, when the surrounding
temperature decreases at values around -60
°C.

Everything was well packed and attached
with plastic adhesive tape and cords. It has
been specially regarded the European
Commission Implementing Regulation number
923/2012, which states that ropes or other
devices used for suspension of the payload
must requires an impact force of 230 N or more
to separate the suspended payload from the
balloon.

5. Experimental tests

The expedition to the stratosphere is trip
exposed to extreme conditions and any
unexpected issue can result in a disaster for
the near space mission. In order to avoid any
trouble in the performance of the electronic and
mechanical systems, different experiments and
tests have been carried out before launching.

The electronic equipment was checked in
normal conditions as well as at low
temperatures. For this purpose, the first

temperature test was made in a home freezer;
a second one was achieved in an industrial ice
cream freezer, which reaches temperatures low
to -24 °C. The third and decisive experiment
was performed in a cryogenic chamber which
reaches values around -60 °C, by using liquid
nitrogen.

Figure 7. Entering to an ice cream factory to
carry out the temperature tests

The ascent and descent rates are two
parameters that can be adjusted to control the
maximum altitude, the time of flight and the
horizontal shift. The test for the first one
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involves high costs, due to the helium required
and the lost or damage of the balloon.

Figure 8. Students and teachers at the entrance
of Materials Research Centre to conduct thermal
test in a cryogenic chamber

Nevertheless, the descent rate could be
estimated experimentally by throwing the
parachute with a load with equivalent weight
from a high point, with the help of a 50 meters
measuring tape to determine the position. The
release was recorded in a video and the
descent rate was calculated from position vs.
time diagrams, since time was obtained from
the video frame timing data.

Figure 9. Free fall tests in order to determine
experimentally the descent rate

Students proved that the air resistance
provokes the stabilization of the descent rate in
a few meters from the release point.

Additional training were carried out to
ensure the correct inflation and fastening of the
balloon and to avoid delays due to unexpected
issues.

6. Simulation and predictions

Taking into account the limited experimental
capability to make tests, the use of simulation

software is a helpful and essential tool in this
field of science.

A prerequisite of the effectiveness of many
types of balloon near space missions is an
accurate path forecasting capability. In
particular, sample return missions, or flights
carrying expensive instruments or whose
recovery is essential, rely on the software used
for simulation.

In a first step, specific online software was
used to calculate the relationship between the
amount of helium inside de balloon, the ascent
rate and the maximum altitude, depending on
the balloon size and the weight of the on-board
equipment.

Balloon Performance Calculator

Input Output

Balloon Size (grams)
Required Helium (in cubic feet)

Payload Weight (grams, 1-20000)

600 Estimated Burst Altitude (in meters)

Positive Lift (grams, 1-20000)

100 Average Ascent Rate (in meters/second)

Ascent Time (in minutes)

a High Altitude Science project

Figure 10. An HAB’s lift and burst calculator [8]

Furthermore, the more critical aspect is the
prediction of the landing point, which let us,
together with the weather conditions, to take
the decision for launching the initially scheduled
date.

Chozas v mﬂm
de Abajo 2

Figure 11. Trajectory followed by the device, as
predicted [9]

The landing point obviously depends on the
trajectory, and this trajectory (in horizontal and
vertical components) depends mainly on the
wind speed and directions at different altitudes.
The wind characteristics can be obtained from
observations and numeric models carried out
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and published by meteorological agencies. On
the other hand, the trajectory can be also
artificially and slightly adjusted by tuning the
ascend rate, which depends directly on the
amount of helium used to fill the balloon at the
launching station.

7. Legal permissions

The launching of this kind of balloons are
subjected to legal regulations in Spain;
moreover, the launching point was included in
the air servitude zone of the military airport of
Ledn, and this last issue made the application
for legal permissions more complicated;
approval terms were longer as well, due to the
different procedures used in civil and military
offices.

(D1656/19 NOTAMN

Q)LECM/QWLLW/IV/M /W /000/821/4235N00526W001
A)LECM B)1905220800 ()1905241100

D)080C-1100

E)RADIOSOUNDING. ASCENT OF FREE METEOROLOGICAL LIGHT
BALLOONS ON

423526N 0052533W

LEON

BALLOONS FEATURES

TYPE: SPHERICAL

COLOUR: BEIGE

DIAMETER: FROM 2M TO 4M

WEIGHT: APROX. 2000GR INCLUDING SOUNDING
ASCENSIONAL SPEED: APROX. 4M/S

FALLING SPEED: APROX. 4M/S

MAXIMUM ALTITUDE: APROX. 25000M AGL

MAXIMUM DEVIATION: APROX. 50KM

F)SFC G)25000M AGL)

Figure 12. NOTAM

Applications for authorizations should be
made at least three weeks before launching, in
this period of time, information about
meteorological conditions are not available in
order to confirm definitely the launching.

A notice to airmen (NOTAM) was
broadcasted by ENAIRE, the institution in
charge of the air navigation management in
Spain and Western Sahara; it consist in a
notice to alert aircraft pilots of potential hazards
along a flight route or at a location that could
affect the safety of the flight. NOTAMs are
common unclassified notices or advisories
broadcasted by telecommunication ways,
containing concerns about the establishment,
conditions or change in any aeronautical
facility, service, procedure or hazard, the
correct knowledge of which is essential to
personnel related with flights.

During the arrangements for launching, it
was compulsory to establish direct and
bidirectional communication in real time with
the Ledon TWR (air traffic control tower), to
abort the activity in case of emergency and
communicate their conclusion, it was also
necessary to obtain the ATC (air traffic control)
authorization, with a half hour advance, before
takeoff. Moreover, it was legally obligatory to
have detailed and updated meteorological
information, in particular, information on the
wind on the surface and at altitude.

8. Launching and recovering

The orography and physical terrain

conditions around the IES de Candas are not
appropriate for recovering the payload after
landing: the sea is located on one side and on
the other side there is an area with high
mountains and with hardly walking paths; for
this reason, we decided to search for another
launching point.

Figure 13. Preparations for launching, filling the
balloon with helium

Figure 14. Preparing for launching
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The launch took place in the playground of
the IES Antonio Garcia Bellido, in Leén, located
in the north of the central plateau of the Iberian
Peninsula. This region is a flat area,
surrounded by cereal fields, other arable crops
and also some smooth forests.

The inaccuracy of the “prediction for the fall
point is significant and can reach several
kilometers, nevertheless, the accessibility of the
predicted landing area, is an important aspect
to take into account to take the decision for
launching.

Figure 15. Tying off the ballon

After several cancellations and delays,
mainly provoked by unsuitable weather
conditions and legal restrictions of the air
space, the balloon was launched on December
4, almost seven months later than the initially
scheduled date.

Figure 16. Less than one second after takeoff,
view from the on board camera

About more than an hour after launching,
the balloon reached its maximum altitude
(around 25000 m), with an external
temperature of around -60 °C, and an
approximate diameter of 8.5 meters, the
balloon exploded and right away a parachute

was deployed to facilitate the return, achieving
a descent rate of around 5 m/s, somewhat
higher than initially calculated. Initially it headed
west and, at an altitude of around 14,000
meters, veer east due to different laminar air
currents in different layers of the atmosphere. It
remained flying over the Ledén sky for

approximately 2 hours, until it landed in a
peaceful place near the Torio river

Figure 17. Image taken from the on board
camera

The payload was easily located in a grass
field by a group of students, guided by their
smartphones sharing the location with the
smartphone on board. The other positioning
systems worked also correctly.

A group of 30 students travelled by coach to
Ledn; further the necessary equipment for the
launch, the coach was loaded with mountain
bikes, in order to recover the payload if it fell in
a remote area or with difficult access for
another type of vehicles, which finally did not
happen.

9. Data analysis

Later, the students from both schools
prepared a report analysing both the data
obtaining by the electronic measurement
system as well as the information and
evidences observed in the images and videos
taken by the on board camera and the final
trajectory followed by GPS.

The main scientific outcomes from this
experiment [10] are the following:

- Temperature of the atmosphere
decreases significantly with the altitude,
although some data at higher altitudes
were lost due to the limited range of the
measurement low cost sensor.
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- The heating system operated properly,
as deduced from the inner temperature
which remained always in positive

Celsius degrees.

«
8
Pressure (mbar)

timé (s)

Figure 17. Time variations of the pressure, inner
and outer temperatures, and humidity

- Humidity decreases with altitude, no
significant amounts of water vapour is
found at high altitudes.

Figure 18. Opening and checking the payload
after landing

- Pressure variations are the key to
determine the launching, exploding and

landing points, since the measurements
started to be registered in the moment of
plugging the electronics, almost one
hour before taking off.

- The curvature of the earth could be
observed in the images taken from
space, although some camera lens
optical distortion was provoked.

- The observed black sky in the pictures is
observed as a consequence of the very
low concentration of air molecules above
the reached altitude and, therefore, the
absence of Rayleigh dispersion.

- The wind speed and directions can
change depending on the altitude. In this
particular experiment, the payload
followed a path analogous to a vertical
circle.

More findings can be obtained from a
deeper analysis of images and numerical data
collected by the electronic sensors and
positioning systems.

10. Conclusions

The above mentioned activities contributed
decisively to engage students, teachers,
parents and external institutions and individuals
on STEM education.

Our goal is to provide our students with the
best possible insight in the field of natural
science, while they are thrilled about

knowledge, discovering and eager to develop
long-term activities.

Figure 19. Students and teachers pleased after
successful recovering of the payload
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Discover a whole new world with fascinating
learning scenarios and breathtaking moments
all around the STEM related subjects is
possible with the aid of the weather balloon and
a lot of enthusiasm.

Several disciplines have been cooperating
collaboratively and working together to
accomplish the realization of this project.

- -Computer science: with a data logger,
students are able to code with Arduino
and measure and record many different
parameters, like temperature, pressure,
altitude or the position. Later they can
evaluate the data, make diagrams and
presentations.

- Mathematics: is an essential part of this
space mission and indispensable for its
success. The major parts will be to
calculate geometrical quantities, the right
amount of helium, statistical calculations,
etc.

- Physics and engineering are the most
directly involved fields, including the
electronics design and assembly,
materials properties, forces, energy
conversions, properties of gases, etc.

- Physical education, students develop
skills in open-field orientations and parts
assembling by using different types of
rope knots.

The field of space exploration at
experimental level still remains inaccessible for
pre-university education. In the last decade
some projects raised in this area and this is our
first step which should be continued.
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The preparation of the project was a very
challenging work, both from a technical,
logistical and administrative point of view. This
activity would not have been possible without
the collaboration of different individuals and
institutions who, understanding the benefit of
this activity for students and its contribution to
improving the quality of education, were
involved in the different stages in a fully
altruistic way. The URE (Union of Radio
Amateurs of Spain) contributed with the APRS

tracking technology, through its international
network of stations and signal repeaters and
the collaboration of the community of radio
amateurs, the payload was heard directly by
stations more than 500 km away and reported
their position via web.

The Carburos Metalicos company
understood the educational value of the project
and provided the helium bottle free of charge to
get the balloon going. The ITMA (Technological
Institute of Materials of Asturias) opened
access to its facilities in Avilés for thermal tests
in its cryogenic chambers, with the aim of
verifying the operation of the equipment in
extreme conditions at high altitude, while these
tests lasted, they offered a guided tour of the
centre for students and parents. The Poeta
Antén School provided its facilities, due to the
height of the building, for parachute tests, in
order to determine the descent rate. The Helio
Brothers ice-cream shop made possible to
carry out the first operational tests of the
different systems at low temperatures.

Figure 20. Institutions that contributed and
assisted the IES de Candas in the Candasat |
near space mission

The ENAIRE  Airspace  Operational
Coordination Department advised on legal
aspects and provided the necessary

permissions and was in charge of issuing the
Notam (notification to airmen) to report the
event to the aircrafts flying through that area of
airspace during the ascend and descend. A
real time two-way communication was
established from the two hours prior to launch,
with the control tower of La Virgen del Camino
and the Air Traffic Control Squadron of the
military airport of Leodn, providing access to its
restricted airspace. The Signal Theory
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Abstract. We would like to take advantage of
this year's online conference and demonstrate
several experiments with which we cannot
travel due to the size of the devices or their
dangerous nature. The experiments will
concern Newton's laws, the impulse of force
and change of momentum. We will also show
some experiments from acoustics.
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1. Introduction

Physics concerning forces and their effects
is one of the foundations of mechanics. It might
seem that everything is very simple — it is
enough to know Newton's laws of motion,
which contain all the necessary information.
Unfortunately, it is not so easy. Our everyday
experiences seem to tell us something different
than the mentioned laws of movement. It is
therefore necessary to pay increased attention
to forces and their effects during teaching [1-3].
It is useful to have a stock of suitable
experiments with which we can supplement the
teaching. Several such experiments are
described and discussed in the following paper.
We also included two more experiments from
acoustics.

This paper is a free continuation of our
previous HSCI contributions [4-7].

2. Plucking out the tablecloth and the
carpet

This experiment is often a part of many
magic shows. The first variant, when we pull
the tablecloth out from under the pot with a
flower with a sharp movement, is not very
surprising (Fig. 1). The pot needs to be heavy
enough and have the centre of gravity low so
that it does not tip over. With a sharp twitch, the
tablecloth exerts a force on the pot for a very
short time, which is not enough to set it in
motion.

Figure 1. Plucking out the tablecloth

The experiment can be demonstrated in
another, more interesting variant. Instead of a
tablecloth, we use a carpet and put bobsled on
it in which one demonstrator sits (Fig. 2). The
other plucks the carpet out from under the
bobsled. The experiment needs to be trained, it
takes some practice. The demonstrator in the
bobsled must sit with her back to the plucker.
Otherwise, she may fall backwards and hit her
head.

Figure 2. Plucking out the carpet

3. Several ways how to break the
wooden bar

In next experiments, we will break wooden
bars. Suitable are wooden (spruce or pine) bars
with a cross-section of 5 mm x 20 mm, 5 mm x
25 mm or similar. Such bars can be bought in
various hobby markets. Their length is about 2
m and for our experiments we cut them into
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three parts - a suitable length is 60 cm to 70
cm. For breaking the bars it is suitable to use a
large knife, resp. machete.

3.1. Breaking the bar on fingers

We would like to point out that this
experiment needs to be practiced properly and
you must be careful during it. You will perform
the experiment with an assistant who is holding
the bar on outstretched forefingers of
outstretched hands (Fig. 3). Break the bar with
a sharp slash of the knife. The breaking must
be really swift. Practice it, for example, first by
supporting the bar with two backrests of a
chair. Only after you get the necessary training,
proceed to breaking the bar on fingers. The
result is surprising for the experimenter and his
assistant - the assistant feels almost nothing. If
you are hesitant and the slash is not sharp
enough, the assistant may feel it quite
intensely.

Figure 3. Breaking the bar on fingers

What is the explanation and what physical
knowledge can we demonstrate by the
experiment? In order for the bar to break, it
must be subjected to a force equal to its
ultimate strength. If the impact is intense
enough, the force exerted by the knife on the
bar in contact with it will increase very rapidly to
the ultimate strength value and it will burst. The
harder the blow, the faster the bar will break. A
relatively large force acts on the outstretched
fingers of the assistant during the time the knife
is in contact with the cracking bar, but for a very
short time. The effects of this force on the

fingers are therefore "harmless". If you chop
into the bar with insufficient force, it would exert
less force on the fingers, but for a longer time,
and the assistant would feel it much more
strongly than with a sharp cut.

3.2. Breaking the bar on glasses

You can follow up on the previous
experiment with another "action" variant. This
time, support the bar with two wine glasses. It
is advisable to place the glasses on the edges
of two tables, between which there is a
sufficiently large gap (so that you do not hit the
table and damage it when breaking the bar)
(Fig. 4). The experiment will turn out well again
if you hit the bar very sharply. The explanation
is the same as before - when a large force is
applied to the glasses, but for a very short time,
the effects of the force are not significant. In
this very short time, there will be no overturning
or breaking of the glasses.

Figure 4. Cutting the bar on glasses

3.3. Breaking the flying bar

You can continue the sequence of bar
chopping experiments by trying to break it by
throwing it up and breaking it with a knife during
its flight. To begin with, you may say that you
are looking for something even more fragile to
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support the ends of the bar than fingers or a
glass, and you will think that you would not
have to support the bar with anything at all.
That is, you break it during its air flight (Fig. 5).

This variant of the experiment requires some
practice. The slash must be very strong again
and you have to practice the method of
throwing.

You can use this experiment to demonstrate
important physical knowledge - to show the
physical content of the term mass (specifically
inertial mass). It is worth recalling the notation
of Newton's 2™ law in the form F = md and in
the discussion to come to that the mass
expresses "the reluctance of the body to
change speed" (or to change its state of
movement).

Figure 5. Breaking the flying bar is easier after
loading its ends with plasticine

The mass of the bar is small, and therefore
its reluctance to change speed is also small
and the bar will be willing to accelerate after the
impact of the knife. After all, acceleration is
"prevented" and therefore the knife has the
opportunity to apply a force equal to "ultimate
strength" of the bar in the case of a very sharp
slash. The bar breaks very quickly and the knife
has a very short time to speed it up. The result
is that you break the bar without it significantly

"flying off" in the direction of the slash (both
parts of the bar fall a little in front of you).

Now you can think with students how to
facilitate the breaking of the bar. Students could
find that it would help to increase the
"reluctance of the bar to change speed", i.e. to
increase its mass. You can increase the mass
of the bar, for example, by injecting two lumps
of plasticine at its ends. This will create a
dumbbell that will weigh much more than the
bar itself. After throwing it into the air, it is
enough to break the bar less sharply. The
loaded bar will accelerate much less when the
knife strikes. The force exerted by the knife on
the bar increases faster after impact, and after
reaching the ultimate strength the bar breaks.

4. Change of momentum and impulse of
force

An important consequence of Newton's 2™
law is also the relationship between the acting
force and the change of momentum, i.e. the
introduction of the notion of impulse of force.
You can show students that this is a simple
consequence of Newton's 2™ law. We get to
the relationship by a sequence of mathematical
modifications of the notation of this law:

S AV

. A(mv) Ap
F=ma= =—

™A T At At

From here we can easily obtain the known
relationship between the impulse of force and
the change of momentumi:

FAt = AB.

The required change of momentum can be
achieved, for example, by applying a large
force for a short time, or, conversely, a small
force for a long time. To demonstrate this
relation, we can show the following
experiments.

4.1 Stopping an air gun pellet

You need a cloth baby diaper to this
experiment. We recommend to try everything
beforehand, and again we encourage great
caution when experimenting. If you have a
brave enough assistant and you trust your
shooting skills, ask the assistant to hold the
diaper folded several times and shoot from a
distance of about 2 m at the lower edge of the
diaper (Fig. 6a,b). The diaper stops the flying
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pellet. You will find it either inside a folded
diaper or it will fall to the ground under a diaper.
You can demonstrate the experiment in a safer,
albeit less action-like form by attaching the
diaper to a cord stretched between two stands.
Instead of diapers, another piece of fabric can
probably be used - but everything needs to be
tested properly in advance.

Figure 6b. Stopping the fired pellet

The free-hanging diaper bends for a
relatively long time after being hit by the pellet
and exerts a force against the flying pellet. The
force is not very great, but due to the fact that it
acts for a relatively long time, the result of its
action is a change in the momentum of the
pellet to zero. Note: In experiments of this type,
the magnitude of the force is variable.
Therefore, we should speak correctly about the

average magnitude of the force multiplied by
the respective time.

4.2. Nutcracker

We can also use the above mentioned
relationship between the impulse of force and
the change of momentum to explain the
following experiment. The assistant lies down
on the table and you put a heavy metal plate on
her belly (we use 8 kg). Then hit the plate with
a hammer. The assistant can barely feel it. The
experiment can be enriched by cracking nuts
on the plate (Fig. 7).

The explanation is that the hammer blow - a
relatively large force, acts for a short time. Due
to the large mass and thus the great reluctance
to change its speed, the plate hardly moves.

Figure 7. Nutcracker

Figure 8. Fakir bed

5. Fakir bed

An  impressive  experiment how to
demonstrate the decomposition of force is the
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fakir bed. We use a wooden board with 950
nails (with sharp ends). With an assistant of
mass of 60 kg lying on, let’s say 200 nails, each
nail would react with a force of 3 N.

Nut - preferably coconut - can be cracked on
the fakir's belly to increase the effect (Fig. 8).
(Be careful, drain the milk from it first).

6. Acoustics

Finally, we will describe two more

experiments from acoustic.
6.1. Crowing cup, mooing bucket

Pierce the bottom of a yogurt cup and
stretch a string through it. Hold the cup in your
hand, take a wet cloth into your fingers, press
the string with it and move it down. Then do the
same with a larger cup, a bucket and a big
bucket. (Fig. 9) Interesting sounds will be
heard.

Figure 9. Crowing cup, mooing bucket

6.2. Savart wheel (siren)

The Savart wheel (sometimes called Savart
siren) is an acoustical device incorrectly named
after the French physicists Félix Savart.
(Originally it was developed by Robert Hooke in
17" century.) The main part of this siren is a
spinning toothed wheel. If we hold some elastic
card to the edge of a spinning toothed wheel a
sound is created (Fig. 10). With a little courage

we can speak about tone. The pitch of the tone
varies with the speed of the wheel. Using this
experiment, we can demonstrate how pitch of
the tone relates to frequency. (Like Robert
Hooke in the Royal Society in 1681.)

Figure 10. Savart wheel (sirene)
7. Conclusion remarks

These few experiments in mechanics,
together with considerations and suggested
discussions around them, can help in teaching

those parts of mechanics that relate to
Newton's laws of motion and their
consequences.

As we have indicated, these parts of physics
are associated with various misconceptions.
These ideas are often deeply ingrained in
students’ minds and affect their physical
thinking even after the relevant parts have been
properly explained to them in physics classes.
Correct understanding of Newton's laws (and
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not only them) is much more difficult than it
might seem at first glance. So there is no
choice but to return to them on various
occasions, discuss with students different
situations and hope that we may be able to
correct their (physical) view of the world in the
right direction.
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Abstract. In this work we present an
experience report of a project of integrated
activities in physics and mathematics using
softwares of motion analysis and computational
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1. Introduction

As stated by John Allen Paulos in his book
Innumeracy: Mathematical llliteracy and Its
Consequences, the term innumeracy can be
defined by “an inability to deal comfortably with
the fundamental notions of number and
chance” [1]. Although innumeracy is not often
mentioned or discussed, it is a reality teacher
face in classrooms in a variety of ways [2].

The Common National Curricular Basis [3],
hereby referred as BNCC, is a document
provided by Brazilian Ministry of Education
concerning public policies for education and the
development of curriculum proposals at
elementary and high school levels. The BNCC
states that mathematics literacy is the
competence and hability of reason, represent,
communicate and argue in a mathematic way.
It is the hability to use concepts, procedures,
facts and mathematical tools to solve problems
in a variety of situations.

In everyday situations physics and maths
teachers face typical mistakes commited by
students, them all evidencing students’
misinterpretation of mathematical proprieties,
such as:

1"f‘/§=1+\/§ or £=5 (1)

Students also struggle to identify the relation
between equations when the letters that
represent the same quantities are changed.
The combining concepts seen in physics class,
such as velocity and acceleration, as well as
linear or quadratic functions seen in math
classes, are a challenge when teaching
kinematics for first-year high school students.
All those concepts are distant from students’
reality, as pointed by some studies [4-5]. For
instance, some students interpret and treat in
distinct ways equations like:

y=ax+b and x=x,+vt (2)

Mistakes and difficulties of this nature hinder
the performance of our students. Although it
may seem such problems are only present in
the context of school exercises, the difficulty of
performing simple operations and establishing
satisfactory relationships between quantities
can be seen in real situations [6].

If on one hand there are difficulties intrinsic
to students’ background knowledge and
understanding of complex contents, on the
other hand there are difficulties inherent to the
school curriculums. In the case of schools with
technical courses integrated with high schooal,
for instance, physics and mathematics classes
are few, while the program is extensive,
covering all the typical contents of the first
grade. Whereas in both, physics and
mathematics classes, some quantities are
related by linear or quadratic functions, this
subject is first seen in physics, to only later be
discussed in math classes. Thus, students
have not yet properly developed language and
skills in algebraic manipulation of relationships,
which will be the focus in mathematics classes,
but must already apply them in physics classes.

In the context of our institution, specifically,
an additional issue was present. the great
number of exams and tests, due to the
integrated high school and technical courses,
proved to be rather stressful to students,
impairing  their academic results and
psychological health [7-8]. Therefore, activities
carried out jointly by more than one discipline
could contribute to not only integrate skills and
improve students’ comprehension of contents
and its relations, but also extenuate the number
of assessments and student stress levels.

The pictures seen in Fig. 1 and Fig. 2 are
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two examples of exercises from a physics book
and a math book, respectively. In essence they
are similar in the method of calculation and the
results.

A ball is thrown in the air from the ground with a
speed of 50 m/s and angle 6 (sin 6 = 0.6; cos 6 = 0.8),
as seen in the picture:

; : k&
Considering g = 10 m/s? and neglecting the air
resistance, determine:

a) the speed of the ball in its maximum height;

b) the time needed to reach its maximum height;

¢) the maximum height;

d) the maximum reach A.

Figure 1. Example of an exercise from a physics
textbook [9]. Translated by the authors

A ball is thrown in the air. Suppose that its height after

the launch is given by the equation: h = -t2 + 4t + 6.

Determine:

a) the time the ball reaches its maximum height;

b) its maximum height;

c) the time, after being launched, the ball touches the
ground.

Figure 2. Example of an exercise from a math
textbook [10]. Translated by the authors

The teaching of mathematics in high school
level, according to BNCC [3] discourses as
follows:

“The BNCC of mathematics and its
technologies proposes a consolidation,
expansion and deepening of the basic
knowledge  developed during the
elementary school vyears. Hence, it
proposes to address, interrelatedly, the
knowledge acquired in the previous stage,
in order to allow students to build an
integrated view of mathematics, still within
the perspective of its application to reality
[...]. Therefore, in order to develop skills
that involve reasoning, it is necessary
students can, in interaction with
colleagues and teachers, investigate,
explain and justify the solved problems,
with emphasis on mathematical

argumentation processes [...]. The
competences directly associated with
representing presuppose the elaboration
of records to evoke a mathematical object
[...]. After solving the mathematical
problems, students need to present and
justify its results, interpret colleagues
results and interact with them. In this
context, the communication skill gains
relevance. [...] In relation to the
argumentative competence, its
development also presupposes the
formulation and testing of conjectures,
with the presentation of explanations in
addition to the previously mentioned
aspects related to the competences of
reasoning and representing.”

Add to this the considerations of Professor
Elon Lages Lima [11]:

‘Finding meaningful applications for
the subject being exposed are a
challenge and should be a constant
concern of the teacher [...] The lack of
applications for the themes studied in
class is the most striking flaw in the
teaching of mathematics in all school
grades. It cannot be remedied without the
concept being reinforced. [...] Problems of
life are not accompanied by formulas! [...]
The dedicated teacher should try to
organize his course in order to obtain the
balance between the three fundamental
components: concept, manipulation, and
applications. In doing so, he will have
taken a large step towards success in the
mission of educating.”

Concerned with the situation of our students
and with the above quotations in mind, we
proposed the project we will soon explain in
details. We believe that an interdisciplinary
proposal combined with technological tools can
provide a favorable environment for the
development of skills:

“It is through engineering design that
students are able to see the applicability
of abstract and somewhat intangible
concepts. In addition, students are able to
make connections across disciplines and
provide improved solutions to specific
problems.”[6]
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The above mentioned favorable
environment also fosters experimentation,
manipulation of objects, register logs of

activities devoloped by students, as well as
interaction between classmates and between
students and the teacher.

2. The project

The project was carried out with first-year
students of our high school integrated with
technical education courses. The students had
free access to computer labs and free time at
school to use them. Most of the students also
had their own notebooks or a computer at
home.

The topics chosen to be explored in the
project were kinematics and linear and
quadratic functions. These are topics students
see in the last year of elementary school,
superficially, but in which most of them have
doubts and misconceptions when studying
physics and maths in high school.

The proposal implied in the use of the
softwares Tracker, which is “a free video
analysis and modeling tool built on the Open
Source Physics (OSP) Java framework” and is
“designed to be used in physics education.”
[11], and Geogebra, which is a “dynamic
mathematics software [...] that brings together
geometry, algebra, spreadsheets, graphing,
statistics and calculus in one easy-to-use
package”. [12] In the project we used Geogebra
Classic 5.

2.1. Preparation

Before the development of the activities,
students explored and tested the softwares,
knowing its functionalities and procedures.

All the activities were performed in extra
class time. The teachers were available to
clarify their doubts, to guide, and supervise.
The development was divided in four steps:

e Scene Definition: The students, or the
teachers, defined the scene to be
studied and raised questions regarding
its availability or obtaining in a digital
format compatible with Tracker. Here
some questions could be raised and
some conjectures noted. For example:
does the shooting angle influence the
results? Is the frame rate per second the

same in any recording and during the
length of the recording? What kind of
scene (reproduced, everyday or game
experiment) will be chosen?

In our project we performed, in separated
years, three different approaches. In the first
year the students recorded a video of an
experiment we planned. It was a ball thrown
horizontally from a ramp, shown in Fig. 3. It
was the same video for all the students. In the
second year, the students selected a scene
from a game of their preference in which
something had a horizontal and/or vertical
motion, Fig. 4. For the third year, the students
recorded, with their mobiles, an everyday
situation involving a free fall or a two

dimensional motion, Fig. 5.

Figure 3. Print of the software Tracker
screen of ball thrown horizontally

Figure 4. Analysis of a parabolic motion
from a scene of a game

¢ Video analysis: The students performed,
a study of the horizontal and vertical
components of the moving object using
the software Tracker, that allows to
display the graphs of the horizontal
and/or vertical components of the
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position in relation to time, a
spreadsheet with the values in the
selected positions of the trajectory and
the parameters of the functions that
interpolate the obtained values.

¢ Discussion of mathematical models: We
discussed the mathematical models that
represented the movement under
analysis. From the data in the
spreadsheet, the students found the
function parameters that approximated
the given function in each case and
compared with the values obtained
using Tracker. After that, the students
represented those  functions in
Geogebra using both the parameters
obtained via Tracker and those
determined by them. They also created
an animation in Geogebra that
represented the recorded scene.

e Conclusion: The students wrote a
report, an article, about the topic and
their results. In this case, we have found
it useful to provide a text template to be
followed, which contained the screens
representing each step. One can take
advantage of this work to deal with the
writing and reading of scientific articles.
It is also important for the teacher to
comment on the work done and discuss
with students any misconceptions that
have arisen. This project can also be
developed in conjunction with language
teachers, so that the results can be
presented in the form of a technical
report, scientific article, or other model
that is most appropriate.

Figure 5. Analysis of an object in freefall

It is worth to be noted that when working
with game scenes, the teacher must be careful
as not all games follow our laws of physics, or
use the same constants values, with their
developers sometimes choosing other models.

Still, this is interesting because it can raise a
discussion about the real world versus the
virtual world. In the case of technical courses in
the field of computer sciences, such discussion
is more natural for students, but it serves all
students and courses in the contemporary
world.

2.2. Objectives

This project was planned to provide the
student with a greater understanding of the
concepts of linear and quadratic functions
studied in mathematics, from an
interdisciplinary  proposal, showing their
applications in physics learning. To do so, the
students conducted a study of the
independence of the horizontal and vertical
components in the movement of a projectile
launched horizontally. In  addition they
measured the value of local gravity by studying
the vertical component of the projectile
movement.

It also introduced the students to the video
analysis tool Tracker, which can be used later
for other tasks or projects, even for other
subjects.

2.3. Analysis

The work, as developed with high school
students from different levels and background
knowledges, is very rich in terms of possible
discussions and questions to be placed, as to
foster students understanding and
comprehension of the topics studied.

Tracker settings generate curves such as,
y = At? + Bt + C. An interesting starting point
is to discuss with students the physical
meaning of constants A, B, and C, and
establish a comparison with the equations seen
in kinematics.

From the Tracker analysis and curve fit it
was possible to obtain the value of the
acceleration of local gravity, in the case of the
videos made by the students. This has been
shown to be very important for students and
generates a good deal of discussion because
the measurement results normally differ from
the known value, 9,8 m/s?.

When a game scene was used, the value of
gravity acceleration could be completely
different. For instance, in games from the
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Super Mario Bros series we have found values
around 50 m/s?. Results like this also raised
the question of why that amount was chosen
for the game. In addition, this result was
discussed again when the gravitation content
was introduced to students, leading to
questions about the type of planet on which the
game takes place.

From the extraction of some points it was
possible to deduce mathematically the
equations of the curves, compare the
calculated parameters with those provided by
Tracker, and even simulate the observed
movements in GeoGebra.

When discussing the mathematical models,
students were asked to choose data in the
spreadsheet and obtain their respective
mathematical expressions. This made students
analyze the best data to be selected and how
the software obtains data for the models. It
raised a discussion that provided oportunity to
talk about linear, quadratic, least squares
regression and data statistics. Although not part
of students’ curriculum, these topics are useful
for their technical school subjects and
professional formation. This kind of discussion
generally does not occur in a traditional
approach with textbook exercises.

Other discussions raised were regarding the
value of the initial speed, maximum height
reached (when applicable), or the maximum
distance reached by the object or character.

The equations studied in kinematics predict
that the graph of the horizontal component of
velocity versus time is a horizontal line,
indicating that the velocity is constant.
However, the results of the analysis showed a
different behavior. This difference is due to the
presence of air resistance that is ignored in the
kinematics as a way of simplifying the
calculations. Air resistance can have a big
impact when the surface area of the object is
very large compared to its mass, for example in
the case of a cap left to fall under the influence
of gravity. Still, it was interesting to find a point
of comparison between the acceleration of air
resistance and the acceleration of local gravity.

In the case of free fall, once the movement
was linear, students also expected a linear
graph for the vertical motion. They did not
realize, as it was an accelerated motion, the

graph would be a parable. This discussion
evidenced the relevance of the use of
softwares and experimental activities to help
students understand complex and intangible
concepts in maths and physics.

3. Conclusions

It was observed that this work allowed
students to develop both practical skills in
relation to its execution, as well as skills related
to the mathematical and physical concepts of
the problems. The teacher instruction also
proved to be essential, helping students
explore the problems and conjectures that

arised, avoiding the perpetuation of
misconceptions and providing a well
constructed knowledge on the topics

discussed. Some aspects observed by our
students were the difference between the graph
of the motion and the mathematical model that
describes the movement wunder certain
hypothesis, like absence of friction, etc.

Also, in the cases when the graphics were
not straight lines but could be closely
approximated by them, the students had to
debate the ideas and choose the arguments to
be used. It was observed that the students
started to question what is happening and tried
to explain such phenomena, sometimes with
mistaken ideas, but that produced a rich
debate. Compared to a traditional list of
exercises, in which students only hope to reach
the correct number, a positive change in the
attitude of students in the search for
understanding the phenomena was noticed.

The development of this project allowed the
students to explore conjectures, something
natural in mathematics and physics but unusual
in performing traditional exercises. The search
for the answer to such conjectures provided a
rich learning environment, and the results of the
simulations encouraged students do question
and reshape their previous knowledges and
misconceptions.

During the work, students were more
involved with the discussion of the physical
understanding of the phenomenon on video,
than in the realization of conventional exercices
lists that ended up being seen only as
“bureaucratic” tasks to find the correct answers.
With  the non-integrated teaching of
mathematics and physics, obstacles emerge,

39



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

making it harder for students to interpret and
understand the concepts and the language
used by both areas. Our preliminary results
suggest a good efficiency in the use of
computational resources such as Tracker and
GeoGebra in integrated mathematics and
physics classes, however more research is
needed to measure qualitative results.

When working with game scenes, care must
be taken as not all games follow the natural
laws of physics, with their developers
sometimes choosing other physical models.
This is interesting, as it provides chance to
discuss the real world and the virtual world
engines.

Although these are activities that require
more preparation and monitoring time, our
perception is that the development of such
activities favors greater learning on the part of
students.
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Abstract. In this paper the results of hand-
made epoxy jewelry both for children with
special needs and common children are given.
The easiest and the most popular examples of
jewelry are given. The fundamental lows of
epoxy curing and their explanation for children
are analyzed. The examples of epoxy jewelry
with different fillers both traditional like glitter or
dry flowers and shells and unusual like coffee
grounds, plastic wastes, metal wastes are
described. The connection with base school
disciplines while realizing such STEM project is
shown.

Keywords. Children with Special Needs,
Curing, Initiator, Epoxy Jewelry, Fillers,
Wastes.

1. Introduction

Any STEM project must meet the following
criteria:

e materials and equipment must be cheap,
compact and not heavy in weight;

e materials and equipment must be safe
both for children and environment ;

e project results should be achievable in
short time, from 1 hour to 5 days;

e STEM project should deepen the
knowledge gained through the school
curriculum or explain some theoretical
material using hand-on science classes;

¢ it should be interesting for boys and girls.

If we have as participants of STEM project
children with special needs, than two new
criteria are appeared:

e easy for making and understanding
sequencing looking for children’s
physical and mental condition;

e shown children with special needs ways
of their future ability to make business
using ideas of given STEM project.

Not all STEM project can be successfully
realized in groups, where common and children
with special needs are together [1].

2. Materials for polymer jewelry

Among all different polymer materials for
jewelry we have choose this one:

e modified polyacrylamide (MPAM), that
crosslinked by ultraviolet rays in 5-15

minutes (time depend on jewelry
thickness);
e epoxy resin (ER), that crosslinked

without heating
curing agent);

e hydroxyethyl methacrylate with photo
initiator hydroxycyclohexyl phenyl keton
—well known material for nail art (HEM).

in 24 hours (using

Table 1. Characteristics chosen polymer
materials (PM): Price $/kg, Substance Hazard
Class, Special Equipment Needed (Price $),
Color Palette

PM P SHC SEN CP
MPAM | 65 3 Y, 15 RGBY

ER 25 3 N Transparent

HEM 100 3 Y, 10 >20

| I TARY
velve) | @) W) W

58 58 B 8 "

T ] :
o 98 Ay Ay L
 COC AR

— , 9.8c

IlC 10cmS——~

b)

Figure 1. lllustration of molds and frames for
jewelry

Their price and other characteristics are
given in Table 1. 1 kg of any polymer material
is enough for making more than 100 examples
of jewelry. As fillers and additional materials for
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rings, bracelets, earrings, pendants, brooches
you can use different materials, even
diamonds. But we offer to use cheap or free
materials:

e wastes materials — broken glasses, old
buttons, colorful plastic and metal
wastes, coffee grounds;

e floral materials — fresh and dried flowers
and grass, branches, cones, coffee
beans, tea;

e natural materials — stones, colorful
sand, shells and other materials for
hand-made.

Using of waste materials is the way for
sustainable development of any country [2]. For
jewelry’s better appearance you can buy
reusable silicone molds (Fig. 1a) and metal
frame (Fig. 1b).

3. Processes, which demonstrated
during this STEM project

In Ukraine children in secondary schools
have different disciplines like biology,
chemistry, physic that are not in one integral
course but are being studied separate.
Sometimes, depend on school program, topic
from chemistry, which was studied in 8 classes,
repeated in 10 classes during studying physic.
That is why STEM project, that can combine
several school discipline are important.

Polymer ER, MPAM, HEM curing process
illustrate following theoretical knowledge for
children:

1) from physic - transition from liquid to
solid without changing temperature
(heating or cooling) or pressure
changing

2) from chemistry - polymerization and
polycondensation reaction;

3) from ecology — environmental friendly
technology of making jewelry, when
nothing is emitted to atmosphere and no
fusel fuel is burning for heating;

4) from biology — light is essential not only
for living organism (if you use HEM and
MPAM) from physic — sunlight consist
not only from visible light but also of
ultraviolet light (if the weather is sunny
you can make jewelry from MPAM
without special lamp, open air)

4. Children with special educational
needs in the given STEM project

Working together under some STEM project
is useful both for common children and children
with special educational needs. For three last
years authors have hold more than 15 events
like STEM projects, where common children
and children with special educational needs
were together. Some of them have been taken
2 hours, other — 2 weeks.

It was noted that the children with special
educational needs are very happy about the
opportunity to receive financial rewards for the
manufactured material object. The money
received from the sale of the making by their
hand object becomes the incentive that forces
them to continue classes on the STEM topic at
home.

Fashion trends of five last years have shown
an increase in popularity handmade
decorations. Two last years in Eastern Europe
one of the fashion trend is jewelry from epoxy
resin with flowers. Their price is different (Table
2). As we see, selling such jewelry is real
business.

Table 2. Price of epoxy resin Jewelry: Sample

and Price
rings &t 5<P<45
bracelets éw? 30<P<75
earrings 10<P<80
pendants 7<P< 50

5. Results and conclusions

The cheapest material, that doesn’'t need
any additional equipment (ultraviolet lamp), is
ER. But for curing you should mix epoxy resin
with curing agent in clear proportion. For some
children with special needs it can be difficult.
Taking in the mind this problem, we decide to
create jewelry, based on MPAM and HEM but
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also show them how to make jewelry based on
ER.

This STEM project was realized in Kharkov,
Ukraine (winter 2020) during project “Vacations
with Polytech”. Among participants there were
6 children with special educational needs.

First we explained children how MPAM
comes solid in special ultraviolet lamp (Fig. 2).

Figure 2. Ultraviolet lamp or so calling 3D
ultraviolet own

We have made standard figure — sea horse
(Fig. 3a). Mould for it was included to set with
3D ultraviolet own (Fig. 3b). We also show the
possibility to mix two MPAM colors (red and
yellow) and get new color (orange) in one
object (Fig. 3a).

Our second step was making pendants in
silicon mould (Fig. 4a) and in metal frame (Fig.
4b). As fillers children have proposed dried
flowers (result at Fig. 5). Many children did their
own herbarium during summer holidays. So,
this material was free for us.

From ER we have made necklace beads
(Fig. 6) with butterfly and flowers. If you add
special pigments, you can receive colorful ER,
not only transparent.

From HEM we made ring (Fig. 7). It consist
of 6 layers of gel polish, including colorful

layers and transparent layers of base and top
coat. Also we use flowers and got original,
extraordinary form of ring.

a)

Figure 4. Making pendants from MPAM

Figure 5. Blue pendant with flowers from MPAM

Figure 6. Necklace beads from ER
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Figure 7. Ring from HEM

This STEM project was interesting for

children. Teachers, who were with them, take
into account this idea for their future project.
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Abstract. The last Spanish survey showed a
low social interest in science. This lack of
interest affects Europe students and the whole
society.

As science teachers we are interested in
understanding how children feel science, any
science. Allowing children to use their
imagination and creative originality for drawing
some images of science and scientists is one
opportunity for help them to increase their
interest about science.

The objective of this work is, using children
drawings, to analyze and understand how
science is perceived by primary school
students and to compare results with the same
approach performed and analyzed ten years
ago.

Keywords. Creativity and Imagination,
Drawing Scientists, Gender Equality, Primary
School, Students and Teachers.

1. Introduction

The last Spanish survey about Perception of
Science in Society conducted in 2018 by the
Science and Technology Spanish Foundation
"Fundacion Espafiola para la Ciencia y la
Tecnologia, FECYT" [1] showed a few interest
in science.

Survey answers were analyzed and let us to
understand why our society must increase
science knowledge. Some hot points are:

a) Science and technology arouse similar
interest (16.3%) to topics such as food
and consumption (18.9%),
travel/tourism (18.5%) and retirement

funds (16.1%). However they were a
considerably less interesting subjects
than medicine and health (37.9%), work
and employment (31.9%), education
(28.8%), sports (24.4%) even politics
(22.7%)

b) Spontaneously declared interest in
science and technology continues to be
greater among men (18.9%) than
among women (13.9%).

c) Interest in these topics decreases as
the age of citizenship increases, thus
the greatest interest in science and
technology is recorded among people
aged 15 to 24 (22.7%) and the lowest
among people over 64 years (6.7%).

d) The increase in the perception of
obtaining good information on science
and technology topics is greater among
younger people (15 to 24 years old).
However, younger and older people
who have a lower educational level
have considered that they receive less
information on science and technology.

While, children are not been represented in
this survey. As science teachers we have been
interested in understanding how children feel
towards science.

2. What about teaching science to
children?

In the early twentieth century, appeared a
curriculum known as "nature study". It was an
approach to introduce science to elementary
education with the help of institutions such as
zoos, botanical gardens and museums. The
objective was to encourage the direct
knowledge of nature as a society benefit.

In the XXI century there are many activities
to introduce children to experimentation and
science. They learn experiments, in a fun way,
which illustrate science concepts of chemistry,
physics, biology, geology, mathematics or
robotics. Two of these activities are
"Nanorobots" and "YoMo Fair"

2.1. Nanorobots and Nanoscience

Nanoinventum [2] is a project based on
Science, Technology, Engineering, Arts and
Maths (STEAM), aiming to introduce science in
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primary school. The main objective is to create
a model for a nanorobot, imitating nature,
based on the knowledge of different scientific
topics, such as nanotechnology, matter, atoms
and molecules. The project uses strategies like
co-creation and design thinking, Fig. 1 shows
two creations.

Figure 1. Examples of Nanorobots drawings
made by children

Young students explain their drawings "Our
nanobot will resolve and cure the heart attack.
A quantity of nanobots will enter injected
through the Superior Vena Cava (SVC). With a
special sensor, they will detect the blood clot
and will enter it. When the nanobots enter it,
they will warm up and then the blood clot will
melt so that the blood can normally continue to
circulating."

2.2. YoMo Fair

YoMo Barcelona 2019 [3] offered engaging
hands-on interactive activities designed for
children, teenagers and adults.

Students can discover science, chemistry
and biology, from monitoring radiation to
exploring Nanoscience or to unlocking our own
DNA. Participants can also witness how
architects and designers apply creativity. In
addition, they can explore how technologists

and programmers, in the information age, use
advancements from the digital revolution to
transform our world. Finally, students can find
out how physicists, geologists and even
astronomers are using the fundamental
principles of the universe in their studies.

Children can discover scientists around the
world who are tackling diverse obstacles such
as the challenges of human health, climate
change and food quality. They can observe
from virtual Reality to Artificial Intelligence,
advanced manufacturing in 3D. Finally, the
advancements in science and technology allow
us to talk, entertain and inform in ways we
could never imagined.

3. How do children describe science and
scientist?

Children imagination and creativity are
essential in their personal and scientist
progress. Creativity is an innate quality that
everyone possesses and it is the freest form of
self-expression. As Einstein once said, “To
stimulate creativity, one must develop the
childlike inclination for play.” Ask any child how
many uses there are for a paper clip, and
you're get a quantity of imaginative ideas.

Imagination is the ability to form a picture in
our mind of something that we have not seen or
experienced. Every child is born with a great
imagination. At times, parents and adults
support children's imaginations and take
pleasure in their creative thoughts and acts.
Every so often, we suppress (consciously or
not) children's imaginations, probably we are
worried about children understand reality and
imagination.

The youngest kids imagination is an usually
entertainment. for them. As example, Zoe, a
kindergarten girl close to six years old, was
explaining to her family an invented story. In
the middle of her tale, she enthusiastically told
them, "... then we drank pink milk that came
from a pink cow next to a pink unicorn, do you
know?..." or else, when children are playing
with invisible (for adults) friends and things.
However, most children older than three years
old know that pink cows don't really exist but
they enjoy to imagine and think creatively in
other reality.
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The best satisfaction for the majority of kids
becomes perceptible when they are able to
express themselves openly and without
judgment.

Allowing children to use their imagination is
very helpful for them and creatively drawing
science and scientists is one opportunity for
their expression.

3.1. Draw a scientist

It has been indicated that the stereotypical
scientist remains a dominant image in most
children’s mind [4].

To investigate it, in 2002 the Draw-A-
Scientist Test [5] was used by the authors with
Catalan primary and secondary school
students. Then students’ images and feelings
about science and technology were analyzed
[6-8].

Since 2012, we have been carrying out with
school children the “Draw a scientist” supported
by the Official College of Catalan Chemists [9]
and the University of Barcelona [10-11]. In this
project science and scientists' drawings were
collected again from Catalan primary school
students (8-12 vyears old) and science
workshops [12-13]. The analysis of drawings
were used to compare them with our previous
works [6-7]. In addition, boys and girls drawings
were evaluated along the last years and they
show some changes.

4. Results and discussion

This project was conducted in Catalonia with
students from Barcelona and surrounding
areas. Finally, 844 primary school students (8-
12 years old) drew images about science and
scientists. Table 1 shows its analysis.

Table 1. Results

Boys Girls |
Total drawings 426 418
No human image 138 122
Human images 288 296
Man image 218 50
Woman image 40 226
Unknown 30 20

Table1 shows the 69.19% of primary school
students who drew human image, balanced in
gender, 45.55% female images, 45.89% male
images, and 8.56% human spectrum but with
an unknown gender (Fig. 2).

45.89%

45.55%

8.56% unknown

Figure 2. Representation of human images

Results presented in Table 1 and Fig.2 are
concordant with our previous ones. The
pictures drawn by these students were similar
to these found in our previous research, in 2008
more than 67% primary school students drew
the human image (43.45% female image, 43.78
% male image and 11.44% was unknown
gender).

In addition, drawings without human
references (32.55% in 2008 vs 31% in this
work), usually show, in both cases, a laboratory
bench, some animals, plants and scientific
instruments, particularly glass and plastic.
Laboratory glassware was illustrated in the
majority of the drawings depicting a research
laboratory environment. Figure 3 shows some
examples.

Glass and plastic equipment drawings were
not a surprise for the authors because older
students (11-12 years old, in the last years of
primary education) have occasionally worked in
a chemistry/physics and biology laboratory.
They had seen many chemical reactions,
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substances changing its colour, form and state
(solid, liquid and gaseous). Usually these
material, glass test tubes, bottles, balloons,
Erlenmeyer, etc. were used in their
experiments.

Animals and plants

o,

Glass instruments g G

Figure 3. Many laboratory tools

When the drawings were examined while
keeping in mind the gender of the student we
observed few differences between both groups,
boys and girls (Table I). In addition, these
images and concepts were similar to those
found by other researchers [14-15]

In Table 1 it can observe that in primary
school education, the 75.69% (77.05% in 2008)
of the boys who drew a human representation
did a male scientist. In the same way, the
76.35% (72.99% in 2008) of the girls who drew
a human image did a female scientist. This
analysis clearly shows that the gender of the
figure depicted was unbiased, it only was
based on the gender of the student itself. It was
not affected by adult discrimination and
intolerance.

The most reasonable and easy explanation
is that the children in primary school are still
unaware of the significant role that gender
plays in our society. There is no reason why a
doctor, administrator, engineer or scientist have
to be the father rather than the mother, the

brother rather than the sister, the boy rather
than the girl, luckily the kids do not think so. At
the time of making drawings most of these
children were imagining themselves in that
environment and also conducting those
experiments, they were "the scientists" (Fig. 4).

A GIRLS | B BOYS

%
—
1L\~

— !

|

I]'1/
H

Figure 4. You can observe some human images
drew in their classroom by primary school
students A) girls and B) boys

Schreiner [16] think the drawings are an
identity symbol for both boys and girls.

The authors proposed [17] to do a number
of measures focussed on young students and
directed to girls to achieve gender equality. In
fact, the role that gender plays in our society
(which harms girls and decreases their interest
in science or STEAM studies) arises in
secondary education.

Furthermore, in every science fields, gender
equality could increase if scientists, men and
women together, find time to disseminate their
findings to society and more important, they
have to disseminate their knowledge in an
understandable approach to primary and
secondary school students. In Spain the media
must play an important role in this "science
diffusion."

Finally, Matthews and Davies [18] had
proposed that teachers, scientists, journalists
and science communicators, all together, must
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change children’s images of scientists and
science perception.

5. Conclusions

Comparing the results from 2018, the first
analyzed drawings on science and scientists
images by the authors, to the most recent ones
we do not find great differences but it is
important to emphasize:

The drawings collected offer a vision of the
perception that children have of scientists and
we can conclude that, over the years, the
image of primary school students towards the
science and the scientist is slowly changing.

In the last study, more human images were
drew representing scientists than the previous
one. This result lead us to think that both boys
and girls were seen themselves in the scientist
profession.

Figure 5. Three different Albert Einstein's
images which illustrate how we can change the
scientist stereotype. Einstein's pictures are from
[19, 20] and Einstein's comic was drew by Josep
Fernandez, "Jepi"

In addition, the female presence in drawings
was also increased. Perhaps this is a reflection
of a deep change in our society in general.

The authors want to trust in it.

The usual stereotypes about science and
scientists coexist in the drawings with other
images that are much closer to what the
scientific activity really represents in schools
and laboratories. The image of an elderly man,
dishevelled, with an evil or fanatical face and
hair completely untidy, is slowly decreasing in
the last drawings.

You can examine in Figure 4 the presence
of "normal and young scientists working and
thinking in a laboratory environment" in some
drawings did by both boys and girls from
primary school.

For changing the stereotype of the old and
crazy scientist we can show to primary school
students the serious image of Albert Einstein
and his most important principle (AE = Am * c2,
it explain a relationship between mass and
energy), then the amusing Einstein's image
showing his tongue and, finally, the Einstein's
image using cartoons and comic strips. Fig. 5
shows these three images together.

In addition, if we give the opportunity for
young university scientists to visit primary and
secondary schools, talking to students, explain
and developing demonstrations and
experiments in the middle of their classroom
and, alternatively in school laboratories, we will
contribute to change these images of bad
science (Chemistry, atomic bomb and climate)
and crazy scientists.

In this context, young university scientists
with their stories about science and research
will appear in primary and secondary students
imagination.

Science diversity in gender is becoming
more and more real, and society perception of
this fact is also adjusting to reality. This is very
motivating, our society could feel closer to
science if everybody can see themselves or his
/ her neighbour, male or female, doing any
science.

Probably, this small improvement has been
built by little changes in teaching science at
elementary level with increasing the
experimental part and the presence of women
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scientists who collaborate in bringing science to
schools.

The final objective is fight against the lack of
interest in science in our young students and
our society.
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Abstract. The paper reports a case study
concerning an activity developed to inspire
debate and reflections about our sustainable
future among the youth within the frame of the
SDGs of the UN 2030 Agenda. The contribute
contains a detailed description of the workshop
and the designing process, highlighting
contents, methods, and approaches. Moreover,
the activity has been successfully carried out in
two festivals and the evaluation outcomes are
reported too, thus providing interesting
arguments fostering the debate on youth
education and engagement on the SDGs. The
activity is an attempt to change how we
communicate and educate on sustainability
since informal education for sustainable
development needs further implementation to
be broadened and transformative.

Keywords. SDGs, Education for Sustainable
Development, Youth, Future

1. Introduction

In September 2015 the UN General
Assembly launched the 2030 Agenda for
sustainable development [1]. Worldwide
attempts in communication actions on this
transformative document and the 17 SDGs
(Sustainable Development Goals) also involve
Science Centers and Science Museums,
particularly after the Tokyo Protocol “On the
role of Science Centre and Science Museum
worldwide in support of the United Nations
Sustainable Development Goals” [2]. MUSE-
Science Museum of Trento is a cultural
institution engaged in science and sustainability
education and communication by the mission
but has recently oriented its activity around the
UN 2030 Agenda introducing specific actions
on SDGs [3-4]. In 2017 the museum launched
the postdoc project “TASK - Toward A
Sustainable Know-how”, entirely focused on
SDGs’ communication and education [5-7], and
became member of ASviS (ltalian Alliance for
Sustainable Development), participating in the
working group on SDG4 and education for

sustainable development. Among the activities
of the project TASK, the author developed the
workshop "Destination 2030" as an educational
activity on the SDGs for the youth. It has been
proposed during two festivals where more than
700 people partook in the workshop, giving the
opportunity for collecting data for evaluation
and research purposes. Therefore, the results
provide useful elements in supporting the
discussion on such informal educational
actions: how do participants approach the
future? How do they feel engaged with the
SDGs? Can informal education provoke
change in the youth? Which aspects of the
activity design are more effective?

These days science and sustainability
education have to be transformative, the main
goal should be to provoke reflections, dialogue,
and debates, to raise awareness and to
promote active participation and action for the
change. It is crucial to speak about
sustainability =~ without  catastrophism  or
alarmism, keeping the focus on the future and
change. A renewed idea of sustainability should
be presented, despite the historical vocation of
natural science museum we do not speak
about the environment only, we assert on the
four dimensions of the concept of sustainability
and the need to reinterpret the meaning of this
word [8-9]. The case study presented here is
an example of educational activity on
Sustainable Development Goals.

2. “Destination 2030 — Let’s change our
world through SDGs”

The workshop, designed to inspire thoughts
and discussion on the future in the youth within
the framework of the UN 2030 Agenda, is
based on two pillars: 1) the integrated nature of
the 2030 Agenda and the interconnections
among the SDGs [10-11]; 2) the System
Thinking approach to describe, understand and
maybe even rule our complex world in a
sustainable perspective [12-13]. System
Thinking is a new and useful conceptual tool
used to discern processes and learn how to
deal with the ambitious challenges of the future.
System Thinking allows us to understand the
whole picture, while seeking relations and
dependencies inside it, in order to explain its
complexity [14]. After the 2030 Agenda, this
results as the foundation to wunderstand
sustainability, in fact, the SDGs present society,
economics, environment, and institutions as

51



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

part of one intertwined crisis, challenging one of
them means to challenge the whole system.

The aim is to let young students talk about
these relevant topics in three different ways:
collective discussion with a facilitator, small
groups, peer-to-peer collective reflection. Since
we want them to discuss causes and effects in
the context of their real-life, in order to raise
awareness and prompt action and participation,
discussing in a structured manner help in-depth
reflections. As suggested by Heras and Tabara
[15] this can support participants' engagement
with sustainable development. The different
steps try to link present actions to future
consequences and generate a context for the
articulation of own thoughts so that the
understanding of subjects will be deeper [16].

2.1. Activity design

The workshop is designed for youth from 11
years old. It is planned for groups ranging from
a minimum of 10 up to a maximum of 25
participants, one or two scientific explainers
facilitate the workshop. The activity s
structured in 5 steps with an overall duration of
90 minutes (Fig. 1):

1 - Launch (15’)

The facilitator opens a discussion about the
future, starting from the question: "How old will

you be in 2030?" and then asking the
participants how they see themselves at that
age considering physical changes,
expectations, and dreams, but also

transformations of the society and lifestyle.
Then, they also investigate the general feelings
of the audience: are they excited by the
upcoming future, or maybe worried about it?
The facilitator then proceeds to upset the
setting, since those are serious topics and the
participants are invited for a stupid game: let’s
move on!

2 - We are a complex system (15’)

This multiple-steps game is designed to
approach complex systems funnily and
engagingly. First participants should dispose
themselves according to their height. In this
step, the position of each person depends on
the stature of two others (these are invariable
parameters). Each person can easily find its
position; the final disposition is a simple line.
Then, each person must choose two others as

references (undisclosed), everyone spread
randomly in the room and when the facilitator
says “Go!” everyone has to place in between its
references. In this step, the position of each
person depends on the position of two others,
but they are not fixed since they are moving
following other people. In the end, the facilitator
stops the group and lets people scatter in the
room for a second round except for three
people, which are fixed in their position (this will
make some changes in the dynamics of the
group) - adapted from “Systems Scramble”
Copyright 2016 by Arizona State University,
published under a Creative Commons
Attribution-Noncommercial-ShareAlike license.
Participants discover what is a complex system
and how it works, a system emerges from the
interactions among its components in a non-
linear way and, consequently, it is not the
simple sum of its elements. The facilitator must
underline that they had simulated a system
(referring to the role of models in science) and
provoke them into thinking about real systems
they are involved in. A collective conversation
can be initiated using food, social relations,
commerce, travels, and other everyday life
examples and experiences.

3 - Teamwork on SDGs (30’)

Due to the complexity of the real world, we
must think in a systemic perspective to solve
complex problems and reach the global goal of
a sustainable future. In this context, the
facilitator introduces the UN Agenda and the 17
SDGs to be achieved within 2030. In this large
and ambitious frame, participants are divided
into three groups, each of whom receives a die
and rolling it will select randomly the SDG on
which they will work. This allows speaking
about the influence of chance in complex
systems.

Each team is provided with a board, a
marker and the text of the Agenda for that
specific SDG. They have to draw a causal loop
diagram using basic tools of the Systems
Thinking: arrows to identify cause-effect
relations, plus and minus symbols to categorize
the positive and negative influences (‘+' is used
if causes and effects increase or decrease in
the same way; *-' is used if the cause's increase
leads to the effect's decrease and vice versa).
Eventually, they can identify feedback loops
(reinforcing or balancing) and add some delay
effects, once the diagram has been sketched
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out. Theoretically, the work is open-ended so
participants must be stopped after a while to
keep the time.

4 - SDGs interaction (15’)

2 |

Figure 1. Pictures showing the main steps

A final discussion gives voice to each group
to report what they talked about and to show
the resulting diagram to the others. Participants
are distributed around a round floor-board
where the three SDG boxes have been placed.
After each presentation, the facilitator sums up
the main connections that have emerged by the
causal loop diagrams linking the specific SDG
with some of the others (usually every map
allows to identify several interactions among
different SDGs, in some cases, they are
reinforcing while in others tradeoffs could
appear).

In the end, a unique net of multiple
connections among almost the whole SGDs
results from the work of the participants. This
represents the concept of sustainability and the
interdependence existing in the purpose of the
UN Agenda. Some time is left for comments
and questions.

5 - Let’s touch the future (15’)

Closing the activity, after reflections and
teamwork on the future and how to act in such
a complex and changing world, the facilitator
asks the participant to use their smartphones
and draw a connection through time by sending
an e-mail into the future. Using FutureMe [17]
each participant can write themselves a
message they will receive one year later, so
when they will be one year older and closer to
our destination, the year 2030.

They can write a task they intend to achieve
or a personal purpose to change their lifestyle
(e.g. reduce plastic, use a bike, refill water
bottle...) and the content of this message
remains secret.

Phase 1 opens the workshop and provides a
platform for critical reflection in which the public
can articulate their expertise, desires, and
expectations [18]. Phase 2 introduces
participants to complex systems and phase 3

requires to apply the System Thinking
approach. These activate creativity and
personal knowledge to deal with complex

problems in a personal way making global
complexity visible on the local scale and with
personal relevance [18]. In phases 3 and 4
interpersonal communication between friends,
family or strangers (both in small groups and in
collective sharing) impacts how relations
between causes and consequences are
understood [20]. Finally, personal actions
should be understood as part of a complex
system and this will intervene towards a
desirable future [21] so that indifference and
resignation are turned into responsibility
opening up for collective and inspired action
(phase 5).

Attention has been paid to the setting and
materials. Three dice in cartoon boxes
(30x30x30 cm) are used for each group to
select the SDG they will work on (phase 3). The
trick to rolling the “big” dice sounds funny but
also gives the relevant message that chance
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has a role in what will happen in the future.
Then each group receives the box of the
selected SDG, as a support, and a transparent
plexiglass board to assemble a table. They can
write with a removable marker, which allows
noting down and continuously re-build the map
(causal loop diagram): every idea is good, there
are no right and wrong connections and new
ideas arise while working. The groups also get
the original text of the Agenda (extract of the
specific SDG), that is fundamental to see what
each goal means - even if they had to apply the
goal in their everyday life. They also receive a
short story, a case study, in which strong and
unexpected connections are pointed out - this
can be inspiring. For the final discussion on the
interaction among the SDGs, we use a floor-
board that becomes the static center of the
conclusion of the activity. Ideally, it is placed in
the middle of the SDGs' wheel (floor adhesive)
and the SDGs' boxes in the middle.

The most important aspect remains the role
of facilitators. They should have a deep
knowledge of the UN Agenda and the key
elements of System Thinking, but, most
importantly, they should be able to guide the
discussion, listen to the outcomes, ideas, and
doubts from the participants. Facilitators do not
know the “right” answer or solution; they should
make the participants at ease and help them
find the best way to identify specific
connections or discover new unexpected
implications they had not considered before, in
a comfortable environment free of judgment.

The activity design follows the educational
criteria related to “Global Competence” as for
the OECD PISA Assessment [22].

3. Evaluation and research

The workshop has been proposed in two
festivals during the school year 2018/2019 - the
Genoa Science Festival for schools and the
general public (Genoa, 25/10-04/11/2018), and
the SDGs Week for schools only (MUSE-
Science Museum of Trento, 19-22/02/2019).
Thus allowing carrying out evaluation and
research on two different samples of
participants and with different methods, the
main aim is to assess the impact of the activity
and investigate students’ attitudes and thoughts
about the future.

3.1. Data collection

At the Genoa Science Festival, the activity
reached about 570 people (mainly students of
11-19 years old, but also the general public
until 40 years old). A reflection wall was used
for summative evaluation, such a tool allowed
to gain feedback from participants in a playful
way, which is suitable for a festival context with
many participants, and to involve other visitors
who are not taking part in the activity. The
reflection wall also allowed them to strengthen
the need to being part of the collective change
and inspire other participants (leading to the
idea that we all are “traveling” toward our
common “destination”, namely 2030).

In Trento, during the SDGs Week, 10
classes (230 students and 19 teachers) took
part in the workshop. Pre-activity and post-
activity surveys were arranged and we asked
students to fill in the former during the previous
week and the latter right after the conclusion of
the workshop. A survey for teachers had also
been arranged and handed them at the end of
the activity.

3.2. Results and discussion

During the Genoa Science Festival, 156
sticky notes were collected through the
reflection wall, they mainly contain text, few
have drawings. Most of them had #hashtag and
@mentions. Based on the content, they can be
classified into four meaningful categories (66%)
while circumstantial messages like “thanks”,
“hello” (34%) are all considered as not relevant
(Fig. 2-A). The four categories emerged from
the comments are the following:

e Enthusiasm (21,79%). Considering the
festival atmosphere, it is not surprising
that many participants give enthusiastic
feedback. However, this is not a fun
science activity designed to entertain, on
the contrary, it deals with serious issues
and a bit of hard content unknown to the
audience (System Thinking): interesting
two sticky notes report “Strangely fun”
and “Lovely but also complicated”.
These declare participants’ feeling,
maybe a mixture of good vibes and
awareness.
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e Educational value (19,87%). Since many
participants were school classes, it is
worth that many comments explicitly
refer to the educational value of the
activity. This was the main aim of the
design, together with a fun way to
engage. Participants (students, maybe
teachers, but also general audience)
found the workshop informative, useful,
interesting and reflective. A definitely
representative sentence must be quoted:
“A simple way to learn about topics that
are not so simple”.

e Taking action (12,82%). As a matter of
fact, call to action is the natural outcome
expected from the activity; people can
move by themselves from awareness to
activism, and decide to state and share
their position on a sticky note. The
content of many messages is
extraordinarily relevant and must be
quoted: “Future is in our hands”, “We
are the future!”, “Let’'s stop climate

change!”, “I want to be UN staff’, “Now

it's my turn”, “Change is beautiful”.

e Connections (11,55%). Close to the
educational value of the activity, those
messages indicate that participants
understood the complex nature of our
world, and they were fascinated by the
existence of connections. It is
interesting to find how the specific
content of System Thinking struck the
participants so that someone even
decided to sketch their idea (Fig. 2-B).

Thanks to pre and post-activity surveys, a
more punctual investigation was possible
during the SDGs Week. We analyzed 230 post-
activity surveys from students (12-19 years old;
middle and high school from the provinces of
Treviso, Vicenza, Verona, Brescia, and Roma)
and 19 questionnaires from teachers. Only 139
students’ pre-activity surveys were collected.

We asked students two questions related to
their attitude and thought about the future:

A) Five-point Linkert scale (not at all — a lot) for
the following items:

Future is far away, | don’t care about it
Future does not depend on my choices
Change is fast and unavoidable
Change is hard to perceive, apparently
nothing changes around me

B) Selected feeling (more than one choice):

Worries; Interest;
Indifference; Hope.

Boredom; Challenge;

Enthusiasm:
21,79%

Not relevant:
33,97%

Educational
value:
19,87%.

Connections:

Taking
11,55%

action:
12,82%
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Figure 2. A. Sticky notes collected from the
reflection wall have been classified according to
the content as described in the text — pie chart
shows the different percentage; B. Graphic
sticky notes concerning the idea of
“connections”, the text translation is “Extremely
interesting to understand diverse
c-0-n-n-e-c-t-i-0-s”

From the comparison of results (Fig. 3)
students move from a medium disagreement
on irresponsive attitude toward the future to a
new position where they express the need to
take care of the future and that it depends on
their choices. There is also an increasing
percentage of students that disagree with the
idea that change is unavoidable, meant as a
significant shift from the common thought of an
other-directed  future. Concerning  their
perception of change, it shows they already
have a clear perception of changes around
them, but after the workshop, some moved
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from agreement to a doubtful or disagreed
position, especially on the item of fast and
unavoidable change, they consider a much
relevant impact of their choices in shaping the
future and generate the change.

post-activity
52 48%
Fémale 23 Male

57%

39
Male

1

lpre-activity

43%
Female

Changeis fast
and unavoidable
C - Key, sample size (inside circles) and gender percentage

Future does not depend
on my choices

Future is far away,
| don't care about it”

A — How much do you agree with the following statements? (1: not at all - 5: a lot)
B - Which feelings do discourses on future and sustainability cause you?

Figure 3. Results of two questions related to
students’ attitudes and thoughts about the
future, before and after the workshop, gained
through surveys during the SDGs Week for
research purpose

Among the proposed feelings (Fig. 3-B),
many students chose the opposite terms of
“worries” and “hope”, pessimism and optimism
are both common among the youth, and
interesting, after the activity, a significant
reduction appears for “worries”. Students are
also interested in discourses on future and
sustainability, and the workshop feeds such
attitude. The sense of empowerment, linked to
the idea of “challenge”, is not common, but it
increases after the activity: the global goals, the

global effort, and the systemic approach may
have led to the new idea of sustainability as a
challenge for humanity.

Educational”
I Teachers
Male
19

79%
Female

Students
230

Boring

C - Key, sample size (inside circles) and gender percentage
Lood 48%
Female Male

Engaging

A - How much do you agree with «Does the adjective describe the activity?» (1: not at all - 5: a lot)
‘Funny

B — Duration of the activity

Figure 4. Results of two questions on
students’ and teachers’ feedback after the
workshop, gained through surveys during the
SDGs Week for evaluation purpose

Since the educational purpose of the
workshop, the post-activity survey investigates
also how much the students feel familiar with
some key concepts: sustainability, complex
systems, and System Thinking. 90% of the
students know about sustainability (that is
integrated into school programs), while 56%
has already heard about complex systems,
which is a new topic for the 43% of the
students. Finally, the System Thinking
approach is unknown for most of them, only
31% answered positively on this item.

Concerning the evaluation, we asked
students and teachers to use four adjectives to
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describe the activity and to evaluate the
duration:

A) Five-point Linkert scale (not at all — a lot) for
the following items:

Funny; Engaging; Boring; Educational

B) Duration of the activity (one choice only):
Too short; Appropriate; Too long

As shown in Fig. 4-A, the workshop resulted
quite funny, definitely engaging and not boring,
with a marked difference in the perception
between students (who experienced the activity
and are less enthusiastic) and teachers (who
only observed their students, giving an
overstated feedback). Surprisingly, students
and teachers agree on the educational value of
the activity, marked as high. They also agree
on the appropriate duration of the workshop
(Fig. 4-B).

Finally, we asked teachers about their
satisfaction (95% agree) and whether the
activity supply sparks for further work at school
(100% agree), this latter point is extremely
relevant, because the activity is expected to
bring new interest in some participants that will
learn more about the topics in a traditional
context [23].

4. Conclusions

The activity represents a concrete example
of the commitment of MUSE-Science Museum
in developing actions toward the
implementation of the SDGs, with particular
reference to SDG4 Quality education, but also
in a more integrated framework enhancing the
meaning of the whole UN 2030 Agenda,
boosting a new mindset for youth and
provoking action for a better future. The
workshop is the first educational activity in our
museum to teach the SDGs developed for
youth and has been run in the first edition of the
SDGs Week in Trento, and in the Genoa
Science Festival.

Audience engagement with the SDGs and
learning outcomes result positive, particularly in
combining with the System Thinking to get
evidence for the interdependency of the goals.
Among the several scenarios emerged during
the activity, participants linked SDG4 (Quality
education) with SDG1 (No poverty), SDG3
(Good health and well-being), SDG8 (Decent

work and economic growth), SDG9 (Industry,
innovation and infrastructure), and SDG10
(Reduce inequalities) — thus they identify SDG4
as a key goal with multiple positive interactions.
Less predictable are some connections
between war (SDG16) and pollution (SDG13),
via weapon industry; or bees increase (SDG15)
thanks to bike mobility (SDG11), because of
extended cycle-lanes and green areas in the
cities. These examples offer a glimpse of the
outcome the participants gained: the
interlinkages within the SDGs, that represent
the educational core of the activity, is not
explained as in a lecture but spontaneously
emerges during the teamwork, discussing in
small groups the personal experience in a new
perspective, using the tools of System Thinking
to discover unexpected connections. It is only
in the end that the facilitator discloses how the
maps of each group design a unique net
among the different SDGs so that everyone can
catch the meaning of sustainability. In fact, a
renewed idea of sustainability arises from the
UN 2030 Agenda, environmental issues are

intertwined with social challenges and
economical drivers, within a frame of
institutional powers. The education for

sustainable development should go beyond the
usual environmental education, thus keeping
the focus on the systemic vision of the world:
SDGs’ integration constitutes an efficient tool to
foster this idea, particularly at school, where
different  disciplines are far from a
comprehensive and transdisciplinary vision.

Participants’ feedback on the learning
outcome of the activity is clear, either from the
sticky notes collected from the Genoa Science
Festival and the specific question in the survey
during the SDGs Week, where both students
and teachers firmly recognize the educational
value of the activity. The experience allowed
exploring a bit of how participants approach the
future and comparing their attitude before and
after partaking in the workshop, it results that
the activity reaches the aim of provoking
students on a major awareness and
responsibility, possibly linked with taking action.
“Think global, act local” was written on a sticky
note collected at the Genoa Science Festival, it
seems that participants understood the global
implication of the ambitious program by the UN
Agenda, but also the role everyone has,
committing themselves toward a sustainable
future. Moreover, as stated by Salazar [24], the
future is not a stable object, there are multiple
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futures and to become real they require to be
acted upon [19]. The emotional aspect is
crucial too, our findings are in agreement with
Myers et al. [25] considering emotions
associated with a frame: frustration should be
avoided when discussing sustainable
development while the proposed frame, which
links overwhelming problems of the 2030
Agenda to everyday life and concerns results
more engaging in a cognitive, affective and
behavioral dimension [26].

Concerning the activity design, it appears
that participants had fun, learned and displayed
desire of being involved — from the need of
information to action-taking; this emerges both
from the specific questions in the questionnaire
and from the reflection wall. The workshop has
an informal and engaging style, useful to deal
with hard topics positively and playfully. The
results support an overall positive impact of the
workshop but also highlight advice for further
adjustment, namely the need to pair the activity
with a social media campaign (e.g. most of the
sticky notes had #hashtag and @mentions).
This was an unintended outcome not
considered while planning the activity, but the
idea of people being connected through social
networks fits with the main concept of the
activity and represents a good direction for
improvements.

The role of facilitators is determinant
because the workshop is intended on the
concept of “communication about sustainability”
according to Newig et al. [27], which refers to a
horizontal communication flow, from many
providers to many receivers. This represents
the main challenge. The facilitators are decisive
to inspire and keep a comfortable setting for
open discussion, especially when dealing with
elements from the private sphere without
making someone feel guilty. Their fault is
clearly the main weakness. They should be
inspirers, neutral observers of the discussion
and not leaders pointing to a determined
direction; they should also be able to listen to
any detail and making the connections visible
and strong.

If the activity succeeds in stimulating the
audience, then such an informal education
format can provoke change in the youth:
attitude, thought, and maybe action. Even if it is
hard to measure the true impact, and it was far
from the purpose of the evaluation carried out

in this case study, the overall positive and
enthusiastic feedback, with the awareness
concerning the global challenge of the
sustainable development, the need for urgent
action (2030 is not far away), and the
complexity of our world. For these reasons,
new projects on SDGs education are
welcomed. After this experience, we found that
the topic meets the public interest and the
global visibility of the UN 2030 Agenda makes
teachers and students curious and sensitive.
The high number of participants who register
for partaking the activity in the SDGs Week and
curious attracted by the workshop in the Genoa
Science Festival (this was the only one
highlighting the SDGs), indicate such a trend.
The workshop can be adopted in schools and
analog contexts. For example, it will be part of
the museum's school programs for the school
year 2019/2020 and has been proposed in the
program of the Sustainability Fest, which took
place on April 2019 at the Free University of
Bozen (IT) — university students main target
audience.
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Abstract. There are questions that arise in
scientific meetings and start very interesting
discussions. Usually, different answers to the
same question can appear, all of them are
valid, Why? These answers depend on the
teachers' personal circumstances who are
defending them, their living and teaching
experiences and their scientific background.

Two questions are shown in this article: Who
was the first scientist? and is it necessary to
apply the "Scientific Method" to become a
science teacher? Answers are enlightening
teachers' different points of view, from the first
artisans to Archimedes to the first question and
Yes or No to the second.

Keywords. First Scientist, Science Teachers,
Scientific Discussion and Scientific Method.

1. Introduction

Many scientific questions arise in scientific
meetings, they are interesting and also
stimulate exciting discussions. Some different
answers to the same question can appear but
all of them could be valid according our
approaching to them.

These different answers depend on the
personal circumstances of who are defending
them, their living and teaching experiences,
their scientific background and the classroom
level where he or she teaches science.

Two questions are shown in this article: Who
was the first scientist? and Should the scientific
method necessary perform to become a
science teacher? Both questions are
connected.

Questions started last year, the International
Year of Periodic Table (IYPT) [1] in a
conference on the Periodic Table of elements

held at the Official College of Chemists of
Catalonia (COQC) [2] in the presence of
chemistry and science teachers at high school
and university.

Once the conference was over, some
questions were proposed, nothing relevant for
this work. However, at the end someone asked
"Who discovered the first chemical elements,
such as gold, silver, copper, tin, lead, iron, and
mercury, the metals of antiquity." The speaker
answered without problems but, immediately, a
new question was asked "were they the first
scientists?" and a real and deep discussion
began about the first artisans, Pythagoras,
Chinese science and the scientific method.

After a brilliant discussion there were three
well-differentiated positions about who was the
first scientist: a) the first artisans, b) a
Mesopotamian women and c) Archimedes.

On the other hand, in the seventh
Conference on the teaching of chemistry in
Catalonia 7esJEQC in 2018 [3], with the
participation and contribution of chemistry and
science teachers from all educational levels, a
special session was focused on analyzing the
relationship between the scientific method and
the science teaching. It was raising the
question "Should teachers always apply the
scientific  method? You can imagine the
answers, only two, yes or no. The answers are
enlightening the different teachers' points of
view.

In front of these differences, it is important to
remember the phrase attributed to Einstein “An
idea can be a great scientific and technological
advance and the opposite idea too”. We could
apply this premise in those discussions.

Our work will introduce and discuss two
special questions with many acceptable
answers. This is an important reality for science
teachers to make an approach to science
discussion between themselves and, probably,
they can describe it in their science classroom.

2. The first scientist

First of all, what is science? Science is all
about facts and discoveries, with some of the
remarkable breakthroughs which are in fact
coming from everyday occurrences and
experiences.
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The origin of science is linked to the getting
and utilize of large amount of materials such as
stones, bones, wood, fire, metals and services
linked to the development of the first cities and
the agriculture.

Measurements, quantities, and weight were
appeared in these processes and they
originated the "first sciences", mathematics,
arithmetic, geometry and astronomy, which
were born even before writing appears, 2700
years before our era [4].

2.1. The artisans

When mankind discovered fire started to
cook meat. Then these ancient men and
women realized that the clay surrounding the
bonfire was hardened by the heat, and
increased their resistance to water. Later on,
they became aware that they could managed to
produce their first water and liquids containers,
all of them made by clay, the pottery.

Priests and artisans together tried to
understand the nature, ones by submission to
fear and the gods, while the artisans worked
their method trial - error.

The first artisans, related to "soft" science
worked with their hands, they were goldsmiths,
builders, blacksmiths, and a further significant
range of other workers. In Fig. 1 you can
observe a representation.

The Bronze Age is the ancient civilization
defined by its bronze production, either by
smelting its own copper alloyed with tin and
other metals, or by trading for bronze from
production areas elsewhere. Bronze itself is
harder and more durable than other metals
available at that time, allowing Bronze Age
civilizations to augment their technological
advantage.

Tin's low melting point of 231.9 °C and
copper's relatively moderate melting point of
1,085 °C placed them within the capabilities of
the Neolithic pottery kilns, which date back to
6000 BC and were able to produce
temperatures greater than 900 °C.

In spite of iron is very abundant on Earth, its
high melting point of 1,538 °C placed it out of
reach of common use until the end of the
second millennium BC.

Figure 1. Represents a blacksmith under a
"taula" meaning "table" in Catalan. They were
built by the Talaiotic culture. Drawing by Josep
Fernandez, "Jepi"

The clay furnace allowed studying the
nature of matter. With this kind of clay they
started to produce a lot recipients where they
kept different substances, between them food,
and for this reason the ancient men and women
discovered the fermentation.

Actually it is believed that in the year 4000
BC the first kiln was made in Egypt. A lot of
Egyptian clay recipients are found in the
excavations throughout Egypt by the pharaohs.
A lot of these recipients have incrustation of
metals and prove Egyptians were the leaders of
this issue, this science. In addition, the
mummification [5], the death body is preserved
by dehydration and it is protected by chemicals
against pests, such as insects, could be
another fact that supported the idea that those
artisans were the first chemists, the first
scientists.

Some science historians consider chemistry
as a science, which studies the properties and
behavior of matter and its reactions, only since
the time of Antoine-Laurent Lavoisier (1743 -
1794). However, other historians believe that
those first artisans who more than 3,000 or
4,000 years ago worked with fire to obtain
copper or make alloys such as bronze or brass,
although they were not chemists, they
accidentally made chemistry, made science.
For some people who discussed about it, the
first scientists were those artisans.

2.2. Astronomy

Astronomy is to knowing the position and
motion of heavenly bodies: sun, moon, stars
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and planets. On the other hand, there are no
predicted eclipse records before the first
millennium BC, Fig. 2 shows an eclipse
representation. Furthermore, did you know that
astronomy is already appearing on Sumerian
cuneiform tablets?

2.2.1. Mesopotamia

Sumerians were the first to leave a written
record in cuneiform writing and today museums
have a legion of clay-baked cuneiform tablets.

These baked tablets were marking the
passage of daily life around the fertile plains
between the Tigris and Euphrates Rivers, the
Mesopotamian area.

" [0
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Figure 2. A Sumerian representation of Solar
eclipses [6] from the British Museum

In addition, some of them indicate the Sun
and Moon positions at that time, and
occasionally, planets and stars position in the
Heavens are showed.

Babylonian first motivation for doing
astronomical studies was to obtain a calendar,
but quickly became a study for obtaining a
religious step between the Earth and the
Heavens. Sumerian astronomy was adopted by
their northern neighbours, the Babylonians,
around 2500 BC, and as a result it has come
down to our day.

2.2.2. Enheduanna

The monarch of Sargonic period appointed
his eldest daughter, Enheduanna [7-8], high
priestess of the Moon goddess (Nanna), a
position of considerable prestige. Definitely, the

priests and priestesses accomplished a
fundamental position in the Mesopotamian
civilizations.

It is known that she was a learned, diversely
talented woman of power. She employed her
creative talents in the written word, her poetry
was the first written form of a religious belief
system. Fig. 3 shows a bas-relief with
Enheduanna portait. She was the editor of the
Sumerian Temple Hymns and experts on
Sumerian culture have her poems.

Figure 3. Ancient bas-relief portrait depicting
Enheduanna (third from right) Obtained under
the Creative Commons Domain

Enheduanna managed the great temple of
Ur, this was an important Sumerian city-state in
ancient Mesopotamia. In addition, she
controlled the extensive agricultural enterprise
surrounding the temple as well those activities
scheduled around the liturgical year. She also
directed important activities such as trade,
agriculture and handicrafts. It is because of this
role that she can be regarded as an
Astronomer, one of the activities falling under
her authority.

Confusing astrology with astronomy is a
generalized mistake. The astronomy has
always to be the first and then the astrology
was appeared, this is a pseudoscience that try
to find divine information about human affairs
and terrestrial events by studying the
movements and relative positions of celestial
objects (astronomy studies). In the time of the
ascendance of Ur there were cuneiform tablets
with astronomic data in use but not astrologic
data.
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She was using measurement to 'track the
path of the Moon' and she was regulating
agriculture on the basis of some logical
hypothesis of her astronomical ability. For
some people who argued about it, this amazing
story located in Babylonia indicates the first
scientist was Enheduanna.

2.3. Archimedes

The honour of First Scientist went to
Archimedes [9], who after observing the
increase in the depth of water in his bath yelled
"Eureka! Eureka! (I have found it! | have found
it!)," and ran naked through the streets to his
workshop to test his hypothesis that the volume
of water displaced and the apparent weight of
the object suspended in water would
distinguish a solid gold object from a less
dense material. Fig. 4 shows an Archimedes'
drawing.

EVREKA )

Y S

Figure 4. Archimedes' drawing, it was drew by
Josep Fernandez, "Jepi"

It was time to check out the crown. To find
out the crown’s volume, Archimedes immersed
the crown in a bucket filled with water to the
brim, and measured the volume of the spilled
water. Then he took a bar of pure gold of the
same mass and compared the volume of
spilled water to determine if crown is indeed
made of pure gold. Surprise, surprise, the
numbers were different! The crown displaced

more water than the piece of gold. Therefore,
the crown’s density was less than pure gold.
So, indeed the king had been cheated by the
goldsmith.

Archimedes went on to make a number of
important contributions in science as the
Archimedes Principle and mathematics, he
determined an accurate estimation of the value
of Pi, among cthers.

An essential criterion for "scientist" could be
to offering an explanation for observed
phenomena, which goes beyond simply
recording the observations. And Archimedes
meets this criterion, for some people who
discussed about it, he was the first scientist.

3. Should teachers always apply the
scientific method?

What exactly the "scientific method" is? [10].
Scientific method refers to ways to investigate
phenomena, get new knowledge, correct
mistakes, and analysis theories. The process of
the scientific method involves making
hypothesis, deriving predictions from them as
logical consequences, and then carrying out
experiments or empirical observations based
on those predictions.

When 7esJEQC participants were asked for
their opinion about scientific method and
teaching science, it can probably find two types
of answers: Obviously yes, and obviously no,
both answers are possible.

YES, there is no science teaching and
learning it without scientific method

NO, teaching science is possible without
scientific method.

The answer depends on the opinion of
teachers, their imagination, predilection and
possible application to students in their science
classroom, teaching science to primary school
children is not the same as going to college.

Nevertheless, the 'scientific method' could
be something more/different than only a strict
procedure [11]. Fig. 5 shows a scientific
method scheme.

On the other hand, there is a first step in any
scientific  activity (teaching, learning and
experimenting) which is "the observation". Both
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antagonist teacher's groups agree with this
observation.

Some details from the two answers are
presented about the same observation: people
see that if the glass drops on the ground, it will
be broken.

SCIENTIFIC METHOD
y

QUESTION
Y

HYPOTHESIS

Y

EXPERIMENTATION

y

RESULTS

v

CONCLUSIONS

v

THEORIES

Figure 5. Scientific method scheme made by the
authors

3.1. Yes

Teachers who deny in principle that any kind
of science can be done and learn without the
scientific method support.

STEAM (Science, Technology, Engineering,
Art and Mathematics) are crucial keystones in
today’s society. For these teachers, it seems
that the STEAM approach is apparently the
most complicated thing to teaching and
learning without the scientific method support.

Group "yes" teachers explanation requires
that we have previous scientific knowledge. For
example in the previous question, glass is
broken because the structure of glass is formed
by strong silicate bonds, but it has an
amorphous structure that allows to break it, and

instead the plastic glasses are made of
polymers, very long molecules and tangled
together that give them a less fragile but softer
structures.

The science of everyday phenomena is not
as easy as it sounds, science teachers need
the scientific method to explain them.

3.2. No

The contents of the nature are: elephant,
frog, sea, milk, granite, river, detergents,
nutrition, planets, Mars, and more and more. It
can summarize in objects, species, systems,
substances, products and... Here it is there is
all chemistry, biology, geology, physics, maths
and...

After this introduction, teachers from the
group "no" want to remember that young
children ask for all explanations from the world
around them in a mixture of indiscriminate
curiosity and their why? why? why? which
never end.

Children see that if the glass drops on the
ground, it will be broken. At this moment,
teachers can explain the foundation of formal
logic, "push a glass (cause)" generates "glass
is broken (effect)". They are not teaching
science, the final science, but they will be
laying the essential base to learn it. The same
situation occurs when teachers make "Wow
experiments" [12] is science classroom, without
the scientific method support.

Finally, the answer to basic questions, as
always, will depend on who is asking it and
where it is done. The elephant has fangs, ears,
legs. But it also has liver, stomach, veins and
arteries. And each organ is formed by cells.

Mayonnaise is made by oil, egg yolk, salt.
And, in turn, the egg yolk is made by fat, of
water, of proteins. And fat is made by
molecules that are made by atoms such as
hydrogen, oxygen, carbon,... Let's stop! This
does not belong to this study, thanks.

4. Conclusions

The authors have expressly refused to take
part in the discussions because they agree with
the initial statements, all the answers may be

65



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

valid depending on the context. Say yes or no
is irrelevant.

Primary school science teachers must teach
science to children while science taught in
college will have a different approach. Both
descriptions are correct.

Science teachers must keep in mind that
different answers about one science question
or problem could be valid and they have to
explain it to their students and discuss it into
classroom.
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Abstract. Visually rich learning environment
could potentially serve as an effective approach
to organizing education for deaf students,
because persons who are deaf are primarily
visual learners. By the end of 2016, over 700
deaf students study at 72 universities and 41
vocational schools in Ukraine, but only 62 of
113 provided the assistance of a sign language
translator, which is a traditional method of
supporting the education of deaf students.
Instruments of information technology are being
increasingly used to support communication
with deaf students, both in the classroom and
during extracurricular events. Examples include
numerous voice typing applications and adding
subtitles to educational videos.

Keywords. Deaf Education, Communication
Divide, Voice Typing, Speech Recognition,
Video Materials, Subtitle, Accuracy, Error
Correction.

1. Introduction

The implementation of new effective tools
and strategies in deaf education is a vital issue
in Ukraine where the population with hearing
impairment reaches 42 thousand. They can
receive secondary and vocational education at
many special schools in all regions of Ukraine.
A few institutions of higher education have
introduced associate or higher degree
programs for deaf students, though these
students were enrolled in special groups and
did not have any instructional activities together
with other students.

According to the data provided by Dr.
Natalia Adamyuk (Institute of Special
Education, Kyiv) [1], Kyiv Vocational School of
Light Industry and Kherson Medical School
pioneered the vocational education for the deaf

in 1958 and 1978 correspondingly. Initially,
higher education has become available at 8
universities where special groups were
established. At present, increasingly high
school graduates are electing whenever
possible to go to institutions of higher or
vocational education on general terms within
the framework of inclusive educational model.
The number of universities and vocational
schools where deaf students can study
individually or in small groups and get
associate, bachelor or higher degrees is
constantly growing. By the end of 2016, over
700 deaf students study at 72 universities and
41 vocational schools. This will be the
appropriate place to mention that only 62 of
them offer the assistance of sign language
interpreters to deaf students. In addition, the
staffing of special high schools does not include
the position of a sign language interpreter, and
very few teachers, 17 in 11 schools, have sign
language interpreter certificates.

The Law on Inclusive Education in Ukraine
which was carried out into effect on October 13,
2018, determines the educational terms and
conditions for students with special needs and
expands educational opportunities for deaf
students. But nevertheless a communication
divide between them and their classmates and
teachers remains. Besides, deaf students are
rarely involved in extracurricular activities along
with fellow students, such as, for instance,
science clubs and conferences, summer camps
and the like. It is an additional challenge which
deaf students have in or outside the classroom,
and they would get through it if they are
provided with assistive tools to facilitate
efficient communication.

No universal method of deaf education
exists. Most students who are deaf are
primarily visual learners. That is why
communication and instruction with this student
population can be enhanced through building a
visually rich learning environment using
information technology tools and hands-on
teaching methods.

2. Information technology tools

Instruments of information technology are
being increasingly used to support
communication with deaf students, both in the
classroom and during extracurricular events.
Examples include numerous voice typing
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applications and adding subtitles to educational
videos.

2.1. Voice typing applications

From a user perspective, speech recognition
accuracy is one of the most important features
of a voice input tool. The accuracy of speech
visualization was explored using a fragment of
educational material on laboratory diagnostics
with a size of 592 symbols. For comparison, the
two types of applications of different technology
implementation were selected: 1 - Speech
Texter, Voice Dictation and the voice input
function from the iPhone keyboard (iOS), which
can be used without the Internet access; 2-
Google Translate web-based service, available
via the Internet.

Speech recognition accuracy was assessed
by calculating a metric, which can be called
User Error Correction Factor E:

E=(S+I1+D)/N,

where S, |, D - numbers of substitutions,
insertions, deletions, respectively, required to
correct speech recognition errors; N - the
number of characters in the text. This metric is
similar to UCER [2], but it is based on the
analysis of wrong recognition of characters, not
words, that may be important to a user when
choosing a tool.

Figures 1 - 4 show examples of voice typing
with different software tools, with fragments of
wrong recognition being marked.

A Teker B ZLoxymentn

BU3HAYUTU MOBY AHIMMIUCbKA POCIUCbKA YKPAIHCbKA v
Npu NATONOrIYHUX NpoLecax B TKAHWHAX HACTYNaKTb 3MiHM fKi
BUAINAIOTb TaKi NOHATTA AK AUCNNasis rinepnnasisa Metannasis
aHannasis pereHepawis Ancnnasisa ue HenpaBUAbHUIA PO3BUTOK
OpraHiB Ta TKaHUH y npoueci embpioreHesy i B NoCTHaTalbHOMY
nepioai Konu Aie BHYTPiyTpo6He hakTopiB NOSBAAETbCA BXeE Nicna
HapOoAXXEeHHA HaBiTb B AOPOCNOI NOAWHU B OHKONOTIT Liei TepMiH
BMKOPUCTOBYETbCA ANA BU3HAYEHHS Nepef NyX/IMHHOrO CTaHy
TKaHWH NoB'A3aHa 3 NOpPYLWEHHAM pereHepaLii ska NpoTikae no Tuny
rinepnnasii i 060B'A3KOBO 3illle pa3 NiATBEPAXKYE CEKPETOPHY
bYHKUiIO KNITUHK

Figure 1. The result of voice typing using Google
Translate with false recognition parts being
marked

Mpu naTonoriyHMx npouecax B
TKaHMHaX He CTOoITb MiH K
BUAINAKOTb TaKi MOHATTS 9K
aucnnasia rinepnnasis MeTta
6n03i @ Ha NANTI pereHepauis
aucnnasii ue HenpasuibHUA
PO3BUTOK OPraHiB Ta TKaHUH Y
npoueci embpioreHesy i B NoCT
HaTtanbHWi1 nepioa Konu ais 3a
TRYA TRYA HUX GaKTopIB
NOABNAETHCSA BXE Nicns
HapOaKEeHHA HaBITb Pocnn
NoaNHA B OHKONOrii Ler TepMiH
BUKOPWUCTOBYETbCH AN
BU3HAYEHHA NMep MNyXanHy CTaHy
TKaHWH NOB’'A3aHO 3
NOPYLUEHHSM pereHepadlii ska
NPOTIKae No Tuny rinepnnasii i
060B'513KOBO 3@ BUABNEHHAM
30HM NPOCBITNEHHS LWe pa3
NiATBEPLAXYE CEKPETOPHY
OYHKLiO KNITUH

Figure 2. The result of voice typing using the
voice input function from the iPhone keyboard
(i0S) with false recognition parts being marked

[I] BalwHsa

@Cear B 9 C B I U E & &8 E AT 4/ ¢

e
' i
A

an NaToNoOrYHKX Npoyecax B TKaHWHaX, HacTaloTb 3MIHK, FKui BUAINAIOTL TaKi NOHATTA AK
aucnnazis, rinepnnasia, MeTannasia, aHannasis, peresepauis. Aucnnazis ue HeNpasunsHUA
PO3BUTOK OpraHiB Ta TKaHUH Y NPOLECi eMOPIOreHesy | B NOCTHATANLHOMY Nepioal, Konu Aie
BHYTPIYTPOOHE (hakTopis NPOABNAETLCA BAXE NICNA HAPOLKEHHA KyMa HasiTe B aopocnol
NIOAUHA. B OHKONOTIT L@l TepMiH BUKOPUCTOBYETLCA ANA BU3HAYEHHA NEPEANYXNNUHHOO
CTaHy TKaHUH noge'a3aHa 3 NOpYWeHHAM pereHepaull X Aka npoTikae no Tuny rinepnnasil | I

060B'A3KOBO 3 BUABNEHHAM 30HM NPOCBITAEHHA | We pa3 NiATBePKYE CEKPETOPHY (YHKLiO
KNIiTUH |

Figure 3. The result of voice typing using
Speech Texter with false recognition parts being
marked

Table 1 contains average numbers of
substitutions, insertions and deletions made to
correct the test text, and the values of metric E
(%). Fig. 5 shows the total of substitutions,
insertions, and deletions made to correct the
test text.
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[Np1BAT NOTiYHMX TKaHMHAX HACTAIOTb AKI BUAINAIOTL TaKi gUCNNA3ia MeTanNasia pereHepauis

UCNNa3is ue HeNPaBUAbHII PO3BUTOK TKaHNHU eMBpioreHesy HaTabHOMY Nepioai OCHOBHMX

aKTOpiE NOABNAETLCA BXKE HABITL Y AOPOCNOI NIOANHM B OHKONOFT e TepMiH

BUKOpPUCTOBYETbCA OKCaHa TKaHWH NOB'A3aHa 3 NOPYLWEHHAM pereHepauii Aka rinepnnasii i

0608'A2KOBO i We pas NigTeepaXye CeKpPeTOPHa GYHKUIA KNITUH

Figure 4. The result of voice typing using Voice
Dictation with false recognition parts being
marked

Table 1. Average number of substitutions S,
insertions | and deletions D made to correct the
test text, and User Error Correction Factor E

Application S | D E %
Google Translate 6 1 3 1.68
IPhone (10S) 55 3 1 9.97
Speech Texter 7 1 6 2.36
Voice Dictation 5 113 11 21.80
100
80 B Google Translate
m Iphone (10S)
60 W Speech Texter

W Voice Dictation

Nl ]

GoogleTranslate  Iphone (10S) Speech Texter  Voice Dictation

Figure 5. Sum of average amounts of
substitutions, insertions, and deletions made to
correct the test text dictated by experiment
participants

The above data does not take into account
punctuation marks that can be inserted using
voice commands, because when
communicating punctuation marks can be
ignored.

2.2. Adding subtitles
videos

to educational

The advantages of subtitles include:

o Accessibility of material for deaf or
hearing-impaired persons,

e Better understanding for people with
attention deficit,

e Video can be viewed in the mute mode
in offices, transport and libraries, etc.,

e Better user interaction ensure improved
viewing results,

e Better understanding when
accent, loud background noise,

e Easier to translate into other languages,

e Improved literacy.

strong

Creating subtitles is shown on an example
of the "Maggot Therapy" video, in which the
demonstration is accompanied by comments in
English.

Habupacm rexcr/
r cy6TuTpu ao sigeo | HATHCKAEM 3navox
«V»

.
Harucxaemo xwonky
«TeKcY»

Texcrossie 3dexTai Texcr
| HATHCKAEMO IHANOK
I naTtucxkaemo « ¥ » «B»

Bubupacmo noTpiGumn
HAC PYXaoun ABOMaA
KHONXKaAMM

32 ponomor o cTpinox
POAAryEMO POIMIp TeCTy

Figure 6. VideoShow video editing application,
several steps

In this case, the first step in the subtitle
development is translating into Ukrainian. An
effort to use the feature of automatic translation
prior to adding subtitles on the YouTube
platform was not successful, although the text
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of subtitles is formed correctly in the original
language. Therefore, the translation into
Ukrainian and timing of the text were done
"manually".

VideoShow video editing application was
used to create subtitles. The procedure
consists of 15 steps:

1-Open the application,

2- Select "Video Editing",

3- Select video file,

4- Select "Text (or Subtitle)" mode (Fig. 6a),
5- Start adding subtitle by pressing (+),

6- Type text (Fig. 6b),

7- Add text effects,

8- Choose text color,

9- Select "Font" mode,

10- Choose font,

11- Put text on a desired location (Fig. 6c¢),

12- Define a time of subtitle display (Fig. 6d),

Next, steps 4-12 need to be repeated to
form all the subtitles of the video, taking into
account the subtitle timing, i.e. moments of the
start and duration of playback on the screen.

When adding subtitles have been finished,
the final stage of saving the result can be done:

13- Export of the video file,
14- Save video.
15- Progress of export (Fig. 7).

When the export is completed, the video
along with the subtitles will be saved in the
gallery of a mobile device.

3. Conclusions

The convenience of voice input tools is not
limited to visual representation of speech. They
reduce the fatigue that is inevitable when
working with the keyboard for a long time, and
reduce the time to type long texts. They can
also be used by teachers to contact with deaf
students during classes, especially for
individual explanations and in extracurricular
activities. The results show that up to 80% of
the text is displayed correctly. The lowest input
error rate is provided by Google Translate

service (1.68%) and Speech Texter application
(2.36%). However, while choosing a tool the
availability of Internet access should be taken
into account. In general, voice input is a useful
supplement to the assistance of a sign

language interpreter which is the traditional
form of learning support for deaf students.

Figure 7. Progress of export

It should also be pointed out that that the
use of subtitles is reasonable not only while
working with deaf students, as they provide a
number of additional benefits: for example,
improving language skills in learning new
languages; clear understanding of any
technical terminology, full names and titles;
maintaining concentration for a longer time;
reducing the likelihood of fatigue. Creating
subtitles with VideoShow may seem like a time-
consuming process compared to YouTube
automatic mode, but VideoShow allows editing
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the content of subtitles, that is often necessary
when developing educational videos.

Thus, information technology tools in
combination with traditional methods of
organizing the educational process ensure a
more complete implementation of the inclusive
education model for deaf students.
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Creating of STEM - Equipment:
MagLev Train
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Abstract. Ukraine is rapidly developing in the
direction of technical innovation, which is what
encourages the growing need for a large
number of highly qualified specialists in the field
of innovation, which will be the key to
successful  economic  development and
competitiveness of our country in the near
future. A rapidly developing area of education is
the STEM learning system, through which
children develop logical thinking and technical
skills, learn to solve problems, become
innovators, inventors.

The main task and current stage of sustainable
development of STEM - education in Ukraine is
the development of key devices for
demonstration, promotion and study of basic
physical laws at the modern technical and
research level. One of the most important areas
of physics, magnetism, is quite difficult to
understand and requires visual demonstrations.

The article proposes a technical
implementation of a train on a magnetic
suspension for a simple demonstration of
magnetic forces.

The developed model of the MagLev train is a
fairly simple demonstration that students will be
able to work with on their own, which allows
them to easily explain and demonstrate the
basic laws of magnetism and technical aspects.

Keywords. Magnetism, Physics, Innovative
Development of Education, Magnetic Forces
Innovators, Inventors, STEM - Education
MagLev Train.

1. History of Maglev

The fundamental ideas underlying MaglLev
technology can be traced back to the early 20"
century. It took a lot of work to lay the
foundation for these trains, including the
development of electric motors and research in
the field of magnetism. Several scientists,
namely Robert Goddard and Emile Bachelet,
even dared to offer a vehicle that will float on

magnets [1]. In 1934, German Hermann
Kemper received a patent for the first concept
of a magnetic, levitating train [1]. Only in the
1960s did this idea really begin to emerge. At
this time, Germany and Japan began to explore
the potential of MagLev. In the 70s and 80s,
both countries made great strides in the
development of these trains. Germany built and
tested a number of prototypes of MaglLev
systems and named the TransRapid project
(Fig. 1a). Trains reached speeds of more than
250 mph (402 km/h) on the test track [2]. Japan
also tested two series of its own developments,
called the ML-500, and then the MLU. Their
trains were capable of reaching 300 mph (483
km/h) [2].

b)

Figure 1. MagLev train on testing center in
Germany near Bremen (a) and Shanghai Maglev
leaving the Pudong International Airport with the

Shanghai Transit Map (b)

Japan continued to develop its MaglLev
technology in the 90s and beyond. They tested
a new series called MLX, which accelerated to
350 mph (563 km/h) in 2003 [1]. To date, no
commercial lines have been established in the
country, but they are still conducting research.
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In Germany, the TransRapid commercial line
connecting Berlin and Hamburg was laid in
1992, but in 2000 the government closed the
project [2]. However, not everything was lost,
as the Chinese paid attention to this and
instructed the Germans to build the TransRapid
train in Shanghai.

4 ™

Standard Rails

L

i B
TransRapid
Guideway
5 &

MLX
Guideway

Figure 2. Comparison of Wheel-Rail versus
Guideways

The Shanghai MaglLev (Fig. 1b) resulting
from this project is currently the only MaglLev-
style high-speed train in commercial use. It
carries passengers to a distance of 19 miles
(30 km) in 8 minutes, developing a top speed of
more than 250 miles per hour (431 km/h) [3].
Thus, China quickly became the only player in
the global MagLev market.

2. How Does it Work?

Maglev trains have no wheels or rails. As
shown in Figure 2, they have guides, and they
float along these guides without even touching

them. There are three important and necessary
forces for achieving MaglLev functionality:
levitation, movement, and direction (Fig. 3).

TransRapid
Guidance

VA

B Lecvitation
B Propulsion
B Guidance

MLX
Guidance

7

] Guideway

] Train Car

Figure 3. Levitation, propulsion, and guidance in
MagLev

2.1. Levitation

Levitation is the ability of a train to stay
suspended over a rail. There are two important
types of levitation technology.

Electromagnetic Suspension (EMS) uses
the attractive force of electromagnets located
on the rail and in the train to achieve levitation
(Fig. 4a). The advantages of this method are
that it is easier to implement than
electrodynamic suspension, and that it supports
levitation at zero speed. The disadvantages are
that the system is inherently unstable. At high
speeds, it becomes difficult to maintain the
correct distance between the train and the
guide. If this distance cannot be maintained,
the train will not be able to levitate and stop. To
take this into account, EMS requires

73



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

sophisticated feedback control systems to
ensure that the train is always stable.

Electromagnetic Suspension (EMS)

&

Attractive
magnets

a)

Electrodynamic Suspension (EDS)

Repulsive
magnets

b)

Figure 4. Electromagnetic suspension (uses
attractive magnetic forces) (a) and
electrodynamic suspension (uses repulsive
magnetic forces) (b)

Electrodynamic Suspension (EDS) uses the
repulsive force of the (superconducting)
magnets located on the rail and on the train to
achieve levitation (Fig. 4b). The magnets move
past each other while the train is moving and
generate a repulsive force. The advantages of
this method are that it is incredibly stable at
high speeds. Maintaining the correct distance
between the train and the guide is not a
problem. The disadvantages are that it is
necessary to gain enough speed so that the
train can even levitate. In addition, this system
is much more complicated and more expensive
to implement.

2.2. Propulsion

Propulsion is the force that propels the train
forward. MaglLev uses an electric linear motor
for traction. A conventional electric rotary motor
uses magnetism to create torque and axis
rotation. It has a fixed element - a stator, which
surrounds a rotating element - a rotor. A stator
is used to generate a rotating magnetic field.
This field causes a rotational force on the rotor,
which makes it rotate. A linear motor is simply
an expanded version of a conventional motor

(Fig. 5). The stator lies in the plane, and the
rotor lies above it. Instead of a rotating
magnetic field, the stator generates a field that
moves along its length. Similarly, instead of a
rotational force, the rotor experiences a linear

force that pulls it along the stator. Thus, the

electric linear motor directly produces
movement in a straight line. However, this
motor can only exert force when the rotor is
above the stator. As soon as the rotor reaches

the end, it stops.

A = Rotor (Secondary)

B = Stator (Primary)

Unrolling rotary
motor

Unrolling rotary
motor

c)
Figure 5. Rotary motor versus linear motor

When describing a linear motor, the
standard is to use the term "primary" instead of
"stator" and "secondary" instead of "rotor". On
MaglLev trains, secondary is attached to the
bottom of the wagons, while primary is in the
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rail. Thus, the magnetic field is directed along
the guide, and it pulls the train. The entire
MagLev track can be considered part of the
train engine. The system that has been
described to date is the Linear Induction Motor
(LIM). It is called that because the magnetic
field in primary induces a magnetic field in
secondary. It is the interaction between the
initial field and the induced field that creates
traction.

However, in this configuration, the
secondary device is always slightly behind the
moving field in the primary. This lag is a source
of energy and speed loss. In Linear
Synchronous Motor (LSM), lag is eliminated by
attaching permanent magnets to the secondary
device. Since the secondary device now
creates its own stationary magnetic field, it
moves along the primary element
synchronously with the moving field - hence the
name of this version of the engine [4]. Because
LSMs are faster and more efficient, they are the
preferred engine on MagLev high-speed trains

[5].
2.3. Guidance

Guidance is what keeps the train in the
center of the rail. For high-speed MaglLev,
repulsive magnetic forces are used for this (Fig.
6). In TransRapid, on a train located on either
side of the rail, two electromagnetic rails are
installed.

In MLX guidance, it is associated with a
levitation system. Levitation rails on both sides
of the train are connected to each other.
Thanks to this connection, when the train
moves closer to one side, a force arises that
pushes it back to the center. Thus, MLX
simultaneously levitates and guides [5].

2.4. Benefits of Maglev

The most obvious appeal of MaglLev trains
is that they can travel faster than traditional rail
trains. The only commercial MaglLev
expressway, Shanghai MaglLev, is currently the
fastest train available. It travels at 50 mph (80
km/h) faster than the fastest high-speed Rail
Train. And this is only the main advantage. The
lack of friction between the train and the rail
eliminates many of the limitations that

traditional trains have. It follows that in the
future MagLev will only be faster.

TransRapid Guidance

A=) 4=p

S— ! ee—_

a)
MLX Gudance

S O =

b)

Figure 6. Guidance system of TransRapid and
MLX (both use repulsive magnets)

3. How to do it?

No matter how complicated the design of
modern MagLev Trains is, their work is based
on the basic laws of physics, in particular
magnetism. And an understanding of these
fundamentals is necessary for the future
engineer from his school years. Within the
framework of a number of STEM-events held at
the National Technical University “Kharkiv
Polytechnic Institute” (Kharkiv, Ukraine) [6- 8],
one of the projects was the development of
such a MagLev train.

Based on several introductory classes, an
independent analysis by the project participants
of the available information and the principles
of maximum simplification of the design, we
came to the following design (Fig. 7), which we
propose to use in the future.

Regarding the three necessary forces
discussed earlier and necessary for the
functioning of MagLev, they are implemented
as follows.

Levitation in our project is provided by
permanent magnets, which makes MagLev
non-volatile. Primary magnets are located
along the entire line, thereby providing the
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necessary repulsive force throughout the route.
Secondary magnets are located directly on the
moving part - the train.

Guidance is provided according to a
simplified scheme through the use of vertical
guide axes moving along a horizontal groove
along the entire route. The main objective of
the implementation is to reduce the coefficient
of friction of the guide, which is ensured either
by using a material with a low coefficient of
friction, or by using rolling elements.

)
M\}/l §\,M

-

Figure 7. Our simple MaglLev system

The train comes into motion due to the
rotation of the propeller on the moving part.
However, the use of classic AA batteries on the
moving part was unacceptable based on their
mass, which exceeded the permissible load. It
was decided to power the propeller through the
feed rails. The basis of the route design was
made on the basis of aluminum corners, which
were both a strong structural material and
electrical conductive sliding contacts. A voltage
was applied to the corners from the battery,
which was removed by the sliding contacts of
the train (Fig. 7) along the entire route.

Using the proposed solutions, a working
MagLev train layout was created, examples of
which are shown in Figure 8.

Figure 8. Example of simple MagLev train for
school
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4. Conclusions

Thus, the work offers an easy-to-
understand, mastery and implementation
example of a MaglLev train, which makes it
quite simple to explain and demonstrate the
basic laws of magnetism, the transfer of
electrical energy and the interaction of various
forces.

A fairly simple design allows you to
implement this project in a short time with a
minimum of material and equipment costs.
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Abstract. The growing concern about
environmental pollution and its side effects on
human health has attracted the attention of the
scientific and industrial communities. The
development of functional tissues capable of
reducing or eliminating organic compounds
and/or pathogenic microorganisms can be a
step forward in improving human and
environmental well-being. This class of
materials includes anti-odor, self-cleaning, UV
protection, hydrophobicity and antibacterial
fabrics.

The project consists in impregnating cotton and
polyester with titanium dioxide (TiO2) and their
use as functional fabrics for the degradation
and model pollutants (dyes, caffeine). The
characterization of the functional fabrics is
followed by electron microscopy, contact angle
determination and solid UV-vis spectroscopy.
The efficiency of the materials is assessed by
UV-vis spectroscopy.

Keywords. PBL, Surface Cleaning, Functional
Fabrics, Photocatalysis.

1. Introduction

The development of functional tissues
capable of reducing or eliminating organic
compounds and / or pathogenic
microorganisms is an enormous progress for
human and environmental well-being. This
class of materials includes fabrics with anti-
odor, self-cleaning, uv protection,
hydrophobicity and antibacterial characteristics
[1]. Self-cleaning of light-activated surfaces is
widely used in the textile industry [2]. The self-
cleaning behavior refers to the ability of a solid
surface to remove its contaminations under
natural conditions, presenting two fundamental
properties of hydrophilicity and photocatalytic
activity [3]. Thus, photocatalysis is applied to
favor the degradation of contaminating
compounds on surfaces of different materials.

This mechanism is due to the activation of a
catalyst of the optical semiconductor type, by
the action of light. Titanium dioxide (TiO,) is the
most used semiconductor in photocatalysis
studies, due to the good knowledge of its
physical and chemical characteristics, being,
therefore, selected for the work developed.
TiO, has high chemical stability in aqueous
solution over the entire range of pH values,
photostability, low cost and non-toxicity [4]. The
use of TiO, coatings in the functionalization of
surfaces is very promising, since they have
high resistance to organic contaminants and
their hydrophobic feature is quickly recovered
after their surface has been contaminated,
which gives them excellent self-cleaning
capabilities. In addition, TiO,, when exposed to
UV radiation, changes from hydrophobic to
hydrophilic.

The Figure 1 shows the TiO, photoexcitation
mechanism. Semiconductor materials have a
valence band (VB - valence band) completely
filled with electrodes and an empty conduction
band (CB - conduction band). A selection
between these two energy bands called an
optical gap (band gap).

In the presence of light (excitation source)
with energy higher than the hiatus energy of the
material, an electron (e - CB) is excited,
passing from the valence band to the
conduction band, generating a positive electron
hole (h + VB) in the valence band (Fig. 1). The
photoexcited electron can recombine with the
electron hole and reduce the efficiency of the
process. Charge carriers, which do not undergo
recombination, migrate to the surface, where
photoexcited electrons can reduce atmospheric
oxygen and form radicals. The hole in the
valence band can also oxidize the adsorbed
surface, generating water or HO- and produces
OH. These reactive oxygen species are
responsible for converting organic pollutants
into CO, and water, resulting in surface
cleaning. A major limitation in the development
of self-cleaning materials using TiO, is its
semiconductor bandwidth, limiting its
absorption to the UV region of sunlight, which
comprises only 3-5% of the solar spectrum.
Due to this gap, the usefulness of pure TiO, is
restricted in the manufacture of self-cleaning
materials for outdoor application, using low cost
light sources, called light emitting diodes
(LEDs).
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Figure 1. Schematic illustration of several
processes that occur after photoexcitation of
pure TiO, with UV light [4]

1.1. Objective

This work aims to apply photocatalysis for
the degradation of organic pollutants, using a
model molecule (Rhodamine B - RhB), using
TiO, as a catalyst. The present project is based
on the use of TiO,-based photocatalysts and
their impregnation on cotton and polyester
substrates, aiming to show the effect of TiO, on
the cleaning of pollutants in artificial fibers such
as polyester and in natural fibers such as
cotton, through modifications of textile surfaces
induced by UV radiation.

2. Materials and methods
2.1. Materials

As a model molecule, Rhodamine B (RhB,
295%), purchased from Sigma-Aldrich, was
used. The catalyst used was TiO, Evonik P25,
which is a reference material in photocatalytic
applications. Cotton and polyester substrates
were available in the laboratory. Some of these
substrates were subjected to an acid treatment
with 1% (v / v) nitric acid (1% HNO3), in order to
study the effect of this treatment on the
adhesion of the catalyst on the surface.

2.2. Catalyses Features

The optical absorption of cotton and
polyester fabrics coated with TiO2 was
obtained by diffuse UV-Vis reflectance
spectroscopy (DRUV-Vis), using the JASCO V-
560 spectrophotometer.

The morphology of the coated tissues was
analyzed by scanning electron microscopy

(SEM) using the FEI Quanta 400 FEG ESEM /
EDAX Genesis X4M (15 keV) equipment.

2.3. Experimental Procedures

The self-cleaning efficiency of tissues
coated with TiO, was evaluated through the
photocatalytic treatment of the substrate in
aqueous solutions containing RhB (0.005 mM).
The textile substrates were subjected to a
washing with ionic detergent for 1h and a
treatment with nitric acid 1% by vol. (1h), to
facilitate the adhesion of the catalyst on the
substrate surface. Then, the tissues were
immersed in TiO, suspensions of concentration
02g/L,05g/Land 0.7 g/L at40°C for 3
hours, in order to impregnate the catalyst in the
substrates. Finally, the tissues were washed to
remove loose particles.

For the photocatalytic experiment, a
borosilicate reactor equipped with a glass water
recirculation jacket (to maintain a constant
temperature) was used, which was filled with
100 mL of the contaminating solution (Fig. 2).
Then, each prepared coated fabric (5.0 cm x
5.0 cm) was placed inside the reactor and the
contaminating  solution continuously
saturated with air.

was

water outlet

coated
e fabric

water inlet v

Figure 2. Configuration used in photocatalytic
experiments [1]

Before the experiments, reactions were
carried out in the dark to establish the
adsorption-desorption balance between the
coated cotton fabrics and the contaminant for
30 min. The photocatalytic efficiency of the
coated fabrics was evaluated for 210 min using
a light emitting diode (LED) with a maximum
wavelength at 417 nm. The LED intensity (115
W) was measured at 9 cm from the
contaminating solution using a UV-Vis
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spectrum-radiometer device (USB2000 +,
OceanOptics, USA). The RhB concentration
was monitored by UV-Vis spectrophotometry
using the Jasco V-560 spectrophotometer.

3. Results and discussion
3.1. Characterization of substrates by
UV-Vis spectrophotometry

OT and ZEA could be studied under positive
and The DRUV-Vis characterization of tissues
coated or not with TiO, were evaluated before
the photocatalytic experiments, and the results
were compared (Fig. 3 and 4). These analyzes
were carried out in different points of the fabrics
to prove the homogeneity of the coating.

UV-Vis Cotton (Algodao)

Absorvancia / (-)

450 500
Al nm

Algoddo +1% HNO3 - [TI02]=0,2 g/L ———Algoddo + 1% HNO3 - [TI02] =0,5

——Algodio +1% HNO3 - [TI02] =0,7 g/L ——Algodso [Ti02]=0,2g/L

—— Algodao [Ti02]=0,5g/L ~—Algoddo [Ti02]=0,7 g/L

Figure 3. DRUV-Vis characterization of cotton
substrates

UV-Vis Poliéster
05

04
03

02

Absorvancia / (-)

01

250 300 350 4 450
-0,1

200

Al nm
—— Poliester + 1% HNO3 - [T102] = 0,2 g/L
Poliester + 1% HNO3 - [TI02] = 0,5 g/L
—— Poliester + 1% HNO3 - [T102] = 0,7 g/L
——Poliester - [TI02] = 0,5 g/L

Figure 4. DRUV-Vis characterization of
polyester substrates

It was possible to verify that the introduction
of acid treatment and the use of TiO,
suspensions with higher concentrations in the
impregnation step resulted in greater

absorbance, which indicates the existence of a
greater amount of material deposited on the
fabric.

3.2. Morphological characterization of

substrates

The morphology of the coated tissues was
investigated by Scanning Electron Microscopy
(SEM). For comparison purposes, a SEM
image of the control fabric (uncoated fabric) is
also shown (Fig. 5 and 6). After treatment with
HNO;, the introduction and defects on the
surface of the cotton fibers are observed. SEM
images also reveal a homogeneous distribution
of TiO, in tissues.

Cotton without treatment

Figure 5. SEM characterization of cotton
substrates

3.3. Photocatalytic
coated fabrics

self-cleaning  of

In order to evaluate the self-cleaning
photocatalytic properties of TiO,-coated fabrics,
each substrate will be placed in contact with
aqueous RhB solutions (model used as organic
contaminant). At this time, only the cotton
substrate impregnated with 0.5 g / L TiO, was
evaluated, the results being shown in Fig. 7. In
this experiment, there was a decrease in
rhodamine concentration over time, revealing
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that the impregnation of the treated substrates
is effective in the degradation of this dye, which
is a promising result for the possible application
of these surfaces in the degradation of organic

compounds.

Poliester without treatment

N

Poliester + 1% HNOs + [Ti02] =0.5 g L*

Figure 6. SEM characterization of polyester
substrates

Concentration of Rhodamine B in Cotton+ 1%HNO,
+[TiO,] = 0.5 g/L
0,005

0,004

0,003

[Rhg] / mM

0,002 — UV-Vis

0,001

0
0 30 60 90 120 150 180 210

t/ min
Figure 7. Photocatalytic degradation of RhB
using acid-treated cotton coated with
[TiO,]=0.5g/L
4. Concluding remarks

The coating of the tissues with TiO, was
carried out successfully. The photocatalytic

self-cleaning ability was werified, using RhB as
target contaminants under Vvisible light
radiation.

5. Future work

In the future, degradation reactions should
be carried out on cotton and polyester
substrates, without catalyst and with different
concentrations of it, in order to verify the effect
of the concentration of catalyst on the removal
of Rhodamine in the fabrics. It is still possible to
compare the behavior of the two tissues in the
degradation of pollutants. In addition, it is
suggested the study of new catalysts,
preferably without metallic elements effective in
the photocatalytic degradation of pollutants and
the adaptation of the experiment to other types
of pollutants, for example other dyes and
caffeine.
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Using Folklore and Sayings as a
Basis for Observing Our
Environment

D Balmer
UCL Institute of Education, UK
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Abstract. Observing and understanding
nature is a fundamental part of growing up and
childhood development, that should be nurtured
from as early as possible. The author suggests
simple ways of exploring elementary science
ideas based on folklore and local sayings,
which can be investigated through observation
and recording. The truth behind many of these
sayings can be explained simply at primary
school age. Theoretical understanding can be
imposed at a later stage, usually in secondary
school when children are considerably older
and have more understanding of the science
involved. Using safaris to generate observation
and recording skills which can then form the
basis for further simple analysis and discussion
are also suggested. Finally a point is made that
observing and understanding nature is an
essential part of Environmental Awareness
which should be part of every citizen’s
knowledge.

Keywords. Environmental Awareness,
Importance of Science Experiences, Natural
Environment, Observing, Recording Skills.

1. Introduction

The importance of introducing science to
young children cannot be underestimated.
Science experiences at an early age stage stay
with us for a lifetime [1], and memorable
experiences colour our feelings about science
for ever [2]. Developing the essential skills
necessary for science stands us in good stead
for whatever we may aspire to as we mature.
Enjoying science in primary school enables us
to develop our problem solving skills through
observation, recording, and analysing in later
life [3] and currently offers an understanding to
the issues facing our planet. Recent research
carried out by the Institute of Education at UCL
for the (English) Wildlife Trust [4] found that
children feel more confident after spending time
participating in outdoor activities. This article
suggests that children would benefit from
spending at least one hour everyday

participating in outdoor activities.

Our world is a place of never ending
surprises and more so for young children. Our
role as teachers should be to encourage their
development through  experiences and
observation when they are very small to
watching and recording their observations as
they mature into primary school age [5].

2. Practical Observing projects

Much of my working experience has been to
develop observation and recording skills with
children aged from five up to students aged 18
or more. | believe that currently our education
system in England particularly is far too formal
at age five. We should be looking at extending
the Early Years programmes of getting children
to appreciate and understand some of the
wonderful things that go on round about us. In
Britain, we are particularly lucky to have
seasonal weather which we can name as
spring, summer, autumn and winter. Each
season has very distinctive characteristics in
nature — in plant growth, bird and animal life
and weather all of which work together to
produce these different features.

The word nature suggests a ‘power that
encompasses all natural phenomena [5] and |
prefer to use the word environment instead.
However, children of all ages are interested in
various aspects of their surroundings from the
earliest age - interacting with animals,
investigating water and soil and going on to
explore woods and parks or other local
environments. Observing environments is a
skill applicable to all and gradually as young
people develop they become more adept at
recording their observations, then
understanding and interpreting them.
Observing is the first stage of enquiry and a
basic scientific skill.

| have used a number of ways to integrate
science observation with other subject areas at
this level (age 3 up to 11); one is by using
some of the many folklore and old wives tales
to investigate our environment, and the second
is through the idea of a ‘safari’ which children
find exciting.

3. British Folklore

In Britain we have many tales, rhymes and
stories that have been handed down through
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the generations. Traditionally people observed
and understood how nature affected their
everyday lives. Farmers and sailors in
particular had good reason to become intuitive
about observations and the outcomes these
would bring. Today these ideas can be
investigated from an early age and in more
depth as children grow in understanding and
ability.

Weather in particular is something difficult to
understand theoretically but easy to observe.
Practice at observing actual weather and
outcomes means that it is possible to forecast
what might happen next. Sailors had excellent
observation and prediction skills — | hesitate to
call this forecasting, but in essence that is what
it was. The sailors watched the sky and noted
the different clouds, horizons and wind

directions. Children can do the same! Sunsets
are very useful and generally very correct in
predicting the following days weather.” Red sky
at night is the shepherd’s delight, but red sky in
the morning is the shepherd’s warning’ is one
of the best known of English traditional weather
rhymes.

Figure 1. Red sunset

Other colours at sunset can be very
predictive too. Yellow tinged skies in the
evening sunset predict windy conditions to
come.

Simply recording sunset colours and then
following up on their predictions is an easy way
to start learning observing, recording and
predicting skills. Understanding the reasons
why red sunsets are forecasters of fine weather
is much more difficult and probably best left to
much later. Although a simple explanation
would be that atsunrise and sunset, the
Sunislow in the sky, which means that the
sunlight we see has travelled through a much

thicker amount of atmosphere. The shorter
wavelength blue light is scattered further, as the
sunlight passes over a greater distance, and we
see the longer wavelength yellow and red light.
This effect can be demonstrated in the classroom
by passing light through prisms where white light
is broken into its component parts and colour
varies according to the thickness of the prism.

Figure 2. Windy sunset

Figure 3. Broody (yellow) sunset

Red sunrises are supposedly indicative of
bad weather — the rhyme says ‘shepherd’s
warning’, but this needs testing out: recording
sunrises in the winter months when sunrise is
about 0730 (just before school) is a good way
to get children observing!

Clouds were frequently observed by sailors
to be predictors of oncoming winds or storms.
‘Mare’s tails and mackerel scales make tall
ships take in their sails’.

The saying ‘Mackerel sky, less than 24
hours dry’ has some truth too.
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Figure 4. Red sunrise

Figure 5. Mares Tails cirrus clouds

Figure 6. Mackerel sky

Both these sayings understand the cloud
types associated with oncoming depressional
weather, and children can record when they
see the clouds and what happens to the
weather to assess the truth of the statements.

By plotting changing cloud types from very high
(cirrus) with gradually lower clouds appearing,
a warm or cold front can be observed
approaching by older pupils and this can be
linked to observations taken from a barometer
which will show falling pressure.

Watching the horizon at sea, and also over
water ‘if the Lakes are clear there’s rain on the
way’ is a saying | grew up with as a child.
Clearly defined horizons are indication of cold
frontal air, and suggest that rain, in particular
heavy showers, may be on the way.

Figure 7. Clear Horizon

However, others will say if you can see the
horizon its not raining, if you can't it is!

Fine settled weather associated with high
pressure results in a blurring of the horizon and
so not being able to see the horizon is a
positive sign for your holiday.

Halos often form around the sun and moon.
These are circles of light, sometimes slightly
coloured and predict rain on the way, with the
moisture in the atmosphere causing the
halo/rainbow effect. Halos around the moon are
particularly effective and sometimes look like
circular rainbows.

But the idea that rainbows have buried gold
where they reach the ground is unfortunately
not true and difficult to find evidence for as
rainbow ends move quickly before one can get
to them to dig.

Understanding how rainbows form can be
demonstrated using a hose pipe spraying water
on a sunny day. Facing into the spray and the
sun, children will see a magical ‘rainbow’, and
will learn where to look for one when it is
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raining and the sun is shining by facing into the
sun.

Figure 8. Sun Halo

Older children can gather and record simple
weather data then make their own forecasts —
perhaps to the class at first but as they become
more accurate, to their school, many schools
have their own programmes running in their
reception areas on view to all!

Figure 9. Rainbow

And another saying that can be investigated
by children is that ‘rain on St Swithins Day (15
July) will bring 40 days of rain! Unfortunately St

Swithin’s Day falls at the end of the summer
term and the forty days are within the summer
holidays, so this project would have to be
designated a ‘special project’ by most British
schools if teachers wanted children to collect
data!

4. Observing Plants and Animals

Plants and animals have long been used by
farmers to predict forth coming weather events,
though not always with success. There are
many sayings, known as ‘old wive’s tales’
which children can investigate. It is said that a
good crop of berries on bushes and shrubs
indicates a cold winter to come. However, this
is not often true, and if a weather diary is kept,
it will be seen that the previous spring had
weather conducive to flower forming and the
setting of berries, rather than anything else!
Observing the first new leaves and buds
opening in spring can be compared with
previous years, if you have records, but there
are also many recordings from a hundred years
or so ago that can be accessed nowadays.

Plant and Animal Folklore

* Predictors of rain or sun

* Rooks building high or low nests - wind
prediction

Figure 10. Animal and Plant Folklore

‘Ne’er cast a clout ‘til May be out’ can be
taken to have two meanings, both of which can
be studied. The first suggests that one doesn’t
take off one’s winter clothes and exchange
them for lighter summer garments until the end
of the month of May, as it won’'t be warm
enough. The second suggests that the May, the
flower of the hawthorn bush, is the indicator of
warmth to come. There are many other tales:
‘Oak (budding) before ash — forecasts a splash,
ash before oak, suggests a soak’, predicts
more heavy rain. Looking for black coloured
ash buds on stems and leaves beginning to
open on oak trees, will get children looking for
specific trees in spring.

Rooks nesting high in the trees suggests a
fine, windfree summer. Whereas it is said that if
the nests are built lower in the trees, it is a sure
sign of wind to come. It has not yet been
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proven that this is correct, but there seems to
be some truth in the saying.

Scarlet pimpernel flowers open if it is going
to be sunny, pine cones close if rain is on the
way.

We humans too are often able to forecast
what weather is coming. Many say that their
joints begin to ache before cold weather. |
sneeze before the onset of frontal weather —
this is due to the spores in the atmosphere —
but it would be interesting to investigate
whether other people have similar experiences
with coming weather. Children can ask their
families if they notice weather causing aches
and pains

Apart from using traditional folklore to
investigate nature there are many ways that
children can explore and observe what is going
on around them, not seemingly seen as being
'science’. The first signs of new growth — these
can be hazel catkins in January — identifying
the male and female flowers, then looking in
the autumn to see if nuts have formed, bulbs
starting to flower, grass starting to grow — it is
interesting to keep records of when your family
had to mow the lawn and how often over the
winter, as grass only grows if the average
temperature is above 8C. In many parts of
Britain average winter temperatures are below
grass growing levels, so cattle have to be fed
on hay or brought inside to feed. Another
project could be to see where your local cattle
spend the winter!

All investigations use the skills children
develop by asking their favourite question
'Why?’ surely we should put this to good use,
and encourage their observation and hence a
little more understanding of the environment
around them. This can then develop into a life-
long understanding of their locality and the
ability to look at science positively for the rest of
their lives.

5. Safaris

Safaris are another simple way of enthusing
children to go and look around them. The word
safari means expedition or hunt and inevitably
requires clipboards and pencils. Young children
will need an adult to record what they find and
sometimes where. The class needs to decide
what they are going to hunt and how they are

going to record it. It may be a bug hunt, a tree
hunt, a geological hunt for different materials, a
windy place hunt, there are numerous
possibilities. All however need a similar format.
There needs to be a set area in which to ‘hunt’
and a given time. A format for recording needs
to identified — sometimes it is just the number of
similar items found, eg 10 woodlice, 3 worms
but can also include location — under flower pot,
on grass efc.

The day of the safari children can dress in
appropriate safari outfits and it is interesting to
see what is deemed appropriate wear. Nearly
always children wear hats, always have a clip
board, sometimes wellington boots! | have
found that any safari causes great excitement
and the word in itself can lead to more
discussion and research.

Safaris

* Asafari is an expedition
* Identify purpose

* Plan

* Observe

* Record

* Discuss

Figure 11. Safaris outline

Urban areas are not bereft of the wonders
and safaris around the school playground can
demonstrate this. How does a plant manage to
push its way up through a tarmac path, or a
crack in a pavement? What strength is needed
to achieve this? Look at tree roots pushing up
paving stones. How do some plants manage to
grow on heaps of broken building stones and
rubble? Why do plants or what creatures live on
walls — so many investigations here! Where do
puddles form and why do some take longer
than others to dry out. — | could go on for ever.
Plotting the information gained on a specific
safari can spark many questions and more
investigations. Each child can explore as much
or as little as they can and returning to these
ideas at a later stage in the year can show a
child’s thinking progression and development. It
is also necessary to ensure there is time to use
the data collected. Generally it is best to ‘pool’
the data on a large board or on a computer so
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that everyone can see what has been found.
The data can be converted into bar or line
graphs as appropriate.

Another safari that is very different is a
‘noise’ safari. The children go outside and sit
quietly with their eyes closed and just listen.
They need an adult with each small group to
record what the children hear and it is often
surprising at how many different sounds can be
recorded. Birds singing, the wind blowing,
scuffling along the ground - all sorts of sounds
which you cannot see, but which are very much
part of the environment that we rarely identify
with as we are too busy. Older children find this
quite difficult but also are surprised at how
many different sounds they do hear which they
wouldn’t normally notice.

6. Environmental Awareness

There are numerous questions to be asked
and hence plenty of opportunity for children to
discover what goes on in their worlds, local to
them. Every child needs to understand their
own surroundings and how soils, rocks,
weather plants and habitats work together. A
better understanding of our own local earth
science will encourage appreciation of the
importance of local changes on a world scale.
This is the initial phase of understanding

Environmental Awareness.

Figure 12. Environmental Awareness Flower
7. Conclusion

Every child needs to understand their own
surroundings and how soils, rocks, weather

plants and habitats work together. Surely a
better understanding of our own earth science
would encourage appreciation of the
importance of local changes on a world scale.
Now is the time to ensure the next generation
have this knowledge and understanding.
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Abstract. Acknowledging the negative effects
that non-organic fertilizers have on all the
ecosystems [1], our team decided to create an
alternative for this method, so we can
contribute to the decrease of both water and
soil pollution.

To do that, knowing that Portugal has a long
coastline with a lot of unique advantages, we've
decided to use one of these many advantages:
seaweed [2,4]. Since ancient times, the
Portuguese, especially the ones that live in the
coast, have been using seaweed to fertilize
their soil by means of traditional methods.

Our experience is a study about the effects of
different types of seaweed when applied using
different methods on a bean growth project
[3,5]. This approach to sustainable fertilization
has the capacity to improving the bioeconomy.

To test this, we measured different parameters:
the size and matter of the leaves, roots and
beans. We also aim to do biological analysis of
the plant in order to compare and discuss the
results of the study. In fact, we can take from
this experience that there are differences when
it comes to the growth of the plants between
the soils that had seaweed and the ones that
don't.

Keywords. Bioeconomy, Fertilizer, Growth,
Seaweed, Sustainability.

1. Introduction

The use of different inorganic fertilizers,
pesticides and insecticides is important for the
agricultural economy, but harmful to the
environment and damages/destroys the sail.
This type of chemical, over time, makes the
land unsuitable for agricultural production and
compromises ecosystems [11]. The production
of a natural algae-based fertilizer is an
environmentally sustainable alternative [6] and
would replace commercial fertilizers, as it would
prevent eutrophication and pollution of soils
and the environment due to the high amount of
nitrates and phosphates that chemical fertilizers

contain in their composition, and which
contribute largely to soil contamination [7].

Algae are a good alternative to commercial
fertilizers because they contain essential
nutrients, promote accelerated seed growth
and increase crop yields. Furthermore, they are
biodegradable and are neither polluting nor
toxic to living beings [5]. This alternative is a
combination of nitrogen, phosphorus and
postasium, contains alginate and
monosaccharides. As seen in the Skelton
experiment, (1969) the use of a liquid algae-
based fertilizer on cereal seeds and vegetables
caused a significant increase in the germination
capacity of the plant.

Sustainable organic fertilisers come from
natural resources, such as algae, and thus
represent viable alternatives for crop
fertilisation due to their high content of organic
matter, micro and macro elements, vitamins,
fatty acids and growth hormones [4].

In order to identify the potential of various
types of algae as a biological fertilizer, we
created a bean crop [3]. Seaweed extracts are
an alternative of organic fertilizers that contain
high amounts of nutrients and promote rapid
seed development and germination [10].

After the planting of bean crops (with algae,
in solid state), and in partnership with ISEP
(Instituto Superior de Engenharia do Porto), we
subjected a liquid fertilizer, based on these, to
numerous tests and analyses, which allowed us
to infer plausible conclusions regarding the
possible chemical and organic contributions
that could be made to the crops.

Thus, the objective of our study is to test if
the application of different types of algae (red,
green and brown) on the soil of the beans will
present significant differences from the control
group, where we will grow beans without any
additives.

2. Materials and Methodology
21. How was the algae preparation
process performed?

Samples of brown algae (Fucus vesiculosus;
Sargassum; Saccorhiza; Laminaria), green
(Ulva lactuca) and red (Gracilaria verrucosa;
Palmaria Palmata; Gelidium corneum) were
used in this investigation, collected from the
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Portuguese coast (like our ancestors), in the
region of Vila Nova de Gaia and Porto
(Madalena beach and Carneiro beach,
respectively). The algae were collected and put
to dry (Fig. 1) so that the salt present would
stay on the surface and thus facilitate its
washing, which was done twice, with cold
running water, in order to remove sand
particles and other types of impure waste (Fig.

1),

After drying, they were cut into small pieces
in a shredder and properly separated into
different deposits: one for each type of algae
(Fig. 3).

Figure 2. Algae drying

Figure 3. Shredded algae

2.2. How was the algae preparation
process performed?

Once the algae preparation process was
completed, different bean crops (black beans -
Phaseolus vulgaris) were created, using a
customised method [5] - using algae in small
pieces, in a pre-prepared bottle with 200 grams
of gravel and 1300 grams of soil: three crops
with red algae, three crops with green algae [8-
9], three crops with brown algae and three
control group crops, giving a total of 12 crops.
The crops were placed in demijohns with the
same amount of soil and gravel, were
periodically watered with the same amount of
water and were exposed to the same amount of
light in order to reduce the variables.

Thus, our research consisted of 12 cultures
of three beans in each bottle, in which, in those
intended for testing with algae, 20 grams of
algae of each type were deposited, mixed
evenly in the soil.

In the bottles 1, 2 and 3, (Fig. 4) a total of
nine beans, the Control Group took place,
without any algae additive or fertilizer, just a
layer of gravel and soil.

In the bottles 4, 5 and 6, (Fig. 5) there are
crops with the same pre-preparation, but with
20 grams of green algae, the (Group A)

In the bottles 7, 8 and 9 (Fig. 6) the cultures
were mixed with 20 grams of red algae (Group
B)

Finally, in the bottles 10, 11 and 12, (Fig. 7)
20 grams of brown algae were used (Group C)
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Figure 6. Bottles 7-9

This whole structure of bean crops was
planted on January 22, after a rigorous study of
literature from other experiences of seaweed
use in agriculture, for two months. During the
experience, we followed each crop closely,
watering the beans with 100, 200 or 300 mL
whenever necessary, always the same in all,

depending on the absorption of the previous
irrigation.

Figure 7. Bottles 10-12
2.3. How was the experience followed?

In the two/three months in which the bean
growers developed, several common and
individual aspects were recorded in writing and
photographed in the crops, our main focus
being to measure the growth of the beans over
time, allowing us to elaborate a graphic
synthesis.

In fact, from the first day of planting we
measured the beans, initially using a 50 cm
ruler, but about a month later the beans began
to grow exponentially, forcing us to use a tape
measure. Together with this measure, we also
had to adopt the use of something that would
make a stake/support for the plants, since they
were climbing plants, using a fishing line that
was attached to the roof, vertically to each one
of the demijohns, so that they could grow
without the risk of leaving.

The measurements were made weekly and,
together with Instituto Superior de Engenharia
do Porto, at the end of the experiment, when
the beans have reached their maximum growth,
we will proceed with the organic and
biochemical study of the different plants, so that
we can draw more substantiated conclusions.

2.4. Preliminary  characterization of
seaweed extracts

The seaweed extracts were prepared with
20 g of seaweed in 100 mL of water. The
mixture was boiling for one hour and then
filtered before analysis. The extracts were

90



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

analysed together with a commercial fertiliser
(Profertil) and the results compared.

2.5. Determination of total

content (TPC)

phenol

One of the most commonly used methods
for the spectrophotometric quantification of
phenolic compounds (one of the families of
antioxidant compounds) is the Folin-Ciocalteu
method. This method uses the Folin-Ciocalteu
reagent (a mixture of phosphomolibdic and
phosphotungstic acids) which by means of an
oxidation-reduction reaction, which occurs in
basic medium, is reduced and the phenols in
the sample are oxidized (Equations 1 and 2).
The coloration developed is proportional to the
content of phenolic compounds and is
measured by absorbance at 765 nm.

Na,WO,/Na,MoO, — (phenol - MoW,,0,4)-4 (1)
Mo(VI) (yellow) + e — Mo(V) (blue) (2)
2.6. Experimental procedure

1. Prepare 25 mL of a standard solution of
gallic acid (AG) = 200 mg/L in ultrapure
water (Fig. 3). This solution should be
protected from light. Gallic acid (Fig. 8)
is used in this test as a representative of
the family of phenolic compounds.

O

HO
OH

HO
OH

Figure 8. Gallic acid

2. From GA standard solution prepare 200
ML of each of the diluted standard
solutions (Table 1).

3. Prepare Folin reagent solutions (diluted
1:1 in deionized water) and Na,CO; at
75 g/L (10 mL).

mAG= 5.7 mg (adjust concentrations in the
table from actual AG concentration)

4. In microplate (and in triplicate) add in

this order:
o 25 ML sample/standard/water
deionised;

e 75 L deionized water;

e 25 L diluted Folin reagent;

e Rest 6 min under the light;

e 100 uL of Na,COj solution;

e Shake;

o Keep in the dark for 1 hour;

e Read the absorbance at 765 nm and
calculate the equation of the line
(Table 2).

Table 1. Preparation of solutions for the
calibration curve

St. | AG (UL) | Water (uL) | Conc. (ug/mL)
P1 10 190 10
P2 25 175 25
P3 50 150 50
P4 100 100 100
P5 150 50 150
P6 200 0 200

Table 2. AG concentration and mean of the
absorbance values for the calibration curve

Conc AG (mg/L) Media Abs.
0,00 0,0459
11,4 0,116
28,5 0,289
57,0 0,501
114 0,940
171 1,36
228 1,69

Total phenolic

2 | y=0,0074x + 0,0658

o) .
S 15 R?=00969 .- ®
s e

2 1 POt

S e

205 .o

<

o
°c e
L]

50 100 150 200 250
Gallic acid concentration (mg/L)

Figure 9. Calibration curve for the determination
of total phenolics
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2.7. Determination of florotanin content

The content of florotanins in the samples will
be determined by the 2,4-
dimethoxybenzaldehyde method (DMBA, Fig.
10), referred to in the literature as a simple
method for the estimation of the content of total
florotanins. The standard used will be
floroglucinol.

CHgj

CHg

Figure 10. Structure of 2,4-
dimethoxybenzaldehyde

Experimental procedure:

1. Prepare 25 mL of a standard solution of
floroglucinol (FG) concentration (=) 100
mg/L in ultrapure water (Table 3). This
solution should be protected from light.
In this test floroglucinol is used as
representative of the florotanin family;

2. From the FG standard solution prepare
200 pL of each of the diluted standard

solutions;

3. mFG= 3.0 mg (adjust concentrations in
the table from the actual FG
concentration).

Table 3. Preparation of solutions for the
calibration curve

St. | AG (ML) | Water (uL) | Conc. (ug/mL)
P1 10 190 50
P2 25 175 12,5
P3 50 150 25,0
P4 75 125 37,5
P5 100 100 50,0
P6 125 75 62,5

4. In microplate (and in triplicate) add in
this order:

e 30 uL sample/standard/water deionised;

e 150 pL of working solution;

¢ In the blank wells of the samples place
30 uL of sample and 150 uL of acetic
acid instead of the working solution;

e Shake;

o Keep in the dark for 1 hour inside the
hotel;

e Read the absorbance at 494 nm and
calculate the equation of the line (Table
4).

Table 4. AG concentration and mean of the
absorbance values for the calibration curve

Conc AG (mg/L) Media Abs.
0,00 0,0458
6,00 0,125
15,0 0,476
30,0 0,832
45,0 1,17
60,0 1,56
75,0 1,89

Total Florotanins

2,50 |y =0,0249x + 0,0481
R2 = 0,0964

,,,,, °

§ 150 . o

= _..."'.

S 1,00 e

£ 050 T

0,00 ®®
0 20 40 60 80
Floroglucinol Conc (mg/L)
Figure 11. Calibration curve for the
determination of total phenolics

3. Results

The following Graphs (Figs. 12-17)

represent the growth of the beans over the
initial 50 days of the experiment.

3.1. Control Group

Three black beans were planted on each
crop. As with the other crops, it was found that
the plants grew strongly about a week after
they were grown. By the 20" day, all crops had
grown at about the same rate. All the crops
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reached very reasonable and similar values in
terms of height of the beans. From the 20" day
on, there was a slight difference between the 3
crops: while crop 1 decreased its speed of
development, crop 2 significantly increased its
rates of development and growth. Crop 3, on
the other hand, remained more or less stable,
evolving at the same rate and without great
oscillations. Until the end of the growing period,
there was a very slight increase and a very low
evolution of the bean plant on the part of crop
1. And a very sharp and evident growth, in the
last week recorded, of crops 2 and 3, which
allowed the bean plants, after 50 days of
experience, to show very high values of growth
of the species.

100 —— 2 3
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Figure 12. Measurement of the stalk height of
the plants of the Control Group over time
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Figure 13. Measurement of the stalk height of
the plants of the Group A over time

3.2. Group A

Three black beans were planted on each
crop. It was found that the plants grew sharply
about a week after they were grown. The
beans, until then, grew and developed in a
similar way and at the same rate. From the
second week onwards, crop 4 progressed and

developed on a larger scale than the rest. After
the first month of planting the beans, the growth
of crop 4 overcame the growth of crops 5 and
6, which grew at more or less the same rate.
From the 30" while crop 4 continued to
develop at an accelerated level, and quite
expressively, crop 6 also gained momentum.
After 1 month and a half, since the beginning of
the project, the 3 cultures started to grow
significantly and gradually, especially culture 4,
which, in the last week analyzed, reached quite
positive growth levels. All this can be seen in
graph 2. Another evidence in these crops was
the accentuated leaf growth, the strong green
colour of the leaves and the appearance of
numerous branches on the stem, which made
its perimeter larger compared to the other
crops.
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Figure 14. Measurement of the stalk height of
the plants of the Group B over time
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Figure 15. Measurement of the stalk height of
the plants of the Group C over time

3.3.Group B

Three black beans were planted on each
crop. Contrary to what happened in crops
where algae of other species (green or brown)
were inserted, it was found that the growth of
the beans, where red algae were inserted, was
much more homogeneous and regular, and the
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beans of the same crop developed at a level
that was practically identical and proportional. It
was found that the plants grew at a pronounced
rate, approximately one week after they were
grown. Until then, the beans grew and
developed at a similar rate. Although crop 8
was less developed, compared to crops 7 and
9, the beans grew at the same rate, and from
the 20™ day they grew faster, especially crop 9.
After the first month of planting the beans, there
was already a significant difference in height
and development, between crop 8 and the
others, but it was still growing at a good rate.
From the 37th, the difference between crop 7
and 9 decreased, almost completely
disappearing. Until the end of the growth
period, crop 8 was growing steadily and
invariably, and the remaining 2 crops, although
with some ups and downs, reached quite
reasonable and identical growth and
development values after 50 days of study.

== Control Group A ==@=Group B === Group C
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Figure 16. Height measurements of the largest
plant in each group over time

—i— Control Group A === Group B === Group C

120
100
80

60

HEIGHT/CM

40 !
20
0

DAY 0 8§ 13 20 30 37 43 50

Figure 17. Average height measurements of the
three bottles of each group over time

3.4.Group C

Three black beans were planted on each
crop. As with the other crops, it was found that
the plants grew strongly about a week after
they were grown. One of the crops planted,
crop 11, was found not to have grown as well
as the others, it grew in a conditioned way, and
perhaps because it did not adapt to the
conditions imposed, it did not grow as
expected, reaching the end of the study period,
only 46 cm high. The remaining 2 cultures,
cultures 10 and 12, developed in a similar and
uniform way, until approximately the 37th day.
The great particularity of these cultures
occurred, from this period on. Cultures 10 and
12 started to grow, evidently and quite
significantly, evolving more than any other
culture, in any period. Until the end of the
project, this enormous and relevant evolution
was proved, which allowed them to reach very
high values at the end of the analysis period.
Another factor evidenced in these cultures was
the formation of fungi, which, consequently, led
to the appearance of insects.

3.5. Preliminary analysis of seaweed
extracts

Table 5 shows the results obtained.

Table 4. a) total phenolic * SD (in mgAGI/L), b)
total florotanin £ SD (in mgFG/L) content and c)
% florotanins in relation to total phenolic
content in the Brown, Green and Red seaweed
extracts analysed and comparison with the
commercial extract (Profertil)

a b c
107 £ 9,3 294+275 | 2,75
90,4+£7,0 n.a. n.a.
107 £ 6,8 n.a. n.a.
P 13568 + 1147 297 + 28,5 2,19

The phenolic values are lower in the case of
green algae and about 100 times lower than in
the case of commercial extract. No florotanins
have been detected in green and red algae, as
florotanins only exist in brown algae. The brown
algae extract has a similar florotanin ratio to the
commercial extract.
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The commercial extract has been boiling for
4 hours and Profertil dry extract has 20 %
Ascophylum nodosum algae. In foliar
fertilization it is recommended to apply in
concentrations below 1,2 L Profertil/100 L
water. If it is placed in the soil the amount of
Profertil should be increased by 25% (about 1,5
L Profertil/100 L of water).

Considering the results obtained, about 1 L
of Profertil's solution can be prepared to be
placed in the vessels by diluting 15 mL of
extract in water. The extracts obtained from the
algae can be placed directly in the pots without
dilution.

To prepare an extract with 20 % algae in dry
weight, a larger quantity of extract can be
prepared and dried and then diluted in water to
the desired concentration.

These results also indicate to us that the
algae used in these experiments are rich in
antioxidants that allow good plant growth.

At a later stage the algae used will be
characterized in relation to their macro and
micronutrients with impact on plant growth and
development. Beans obtained from these
experiments will also be analyzed to see if their
nutritional value is affected using natural
fertilizers.

4. Discussion

Through the study of (Figs. 12-18) we were
able to validate the hypothesis imposed at the
beginning of the report, in which we believed
that the use of algae in agriculture, in this case
by using them directly on the land, would favour
crops and provide more growth, using
resources that would once have been wasted.

The comparison between the different types
of algae implemented in the crops and the
evolution observed in the bean growers of the
control group, showed the significant effect on
the growth and yield of the bean growers
subject to algae implantation in their crops.

Our research, supported by previous
research with the same bean (Phaseolus
vulgaris) [2], allows us not only to say that the
use of algae in agriculture is an environmentally
sustainable alternative and within everyone's
reach (mainly in Portugal, due to our extensive
coastline), but also to say that it also provides

an optimized and faster growth as with
chemical fertilizers.

At present, the use of natural products made
from algae as an alternative to the use of
inorganic fertilizers has gained relevance and
importance. Recent studies show that algae
based fertilisers can compete with other types
of fertiliser, and in return are more cost-
effective.

Bearing in mind the current situation of our
world (COVID19), our work is unfinished and
some of the studies that we aimed to do (eg:
measurement of organic matter and the
nutrients present in the soil of each group)
weren’t completed. In spit of this, we plan to
finish these studies as soon as possible
because we think this is a promising work that
can have a remarkable impact on the planet.
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Abstract. Bioinformatics tools are suitable
didactic instruments to combine updated
knowledge with spotlight teaching strategies,
e.g., e-learning. This study depicts the status of
computational resources at schools pinpointed
by teachers. Frequently, computers are
obsolete, with outdated software, not
connected to internet, their number is limited
and often placed in areas not primarily aimed
for teaching (schools’ libraries and/or
classrooms for professional/technical
programs). These are key limitations preventing
the implementation of digital-based activities in
classrooms. This reality calls for the need to
provide schools with updated informatics
resources and fast internet connection to
scaffold top-notch learning.

Keywords. Bioinformatics, e-Learning,
Informatics at School, Teacher Professional
Development.

1. Introduction

Computational resources and biological
research are strongly connected [1-3].
Nowadays, every biology laboratory has
computers with robust internet access to
perform bioinformatics analysis [4-5]. In this
regard and trying to adequate modern teaching
practices to the new developments in biological
research, several initiatives have been
implemented to integrate bioinformatics-based
approaches as an educational strategy [6-9]. In
this scope, a portfolio of bioinformatics activities
is available for the educational community to
approach scientific issues such as antibiotic
resistance, genetics, food preservation or
evolution [10-13].

Recognizing the key role of teachers in this
process, research institutions, universities,

policy makers and teachers training programs,
need to focus their interventions in helping
teachers to implement bioinformatics in their
classes [14-17].

Several studies were carried out to diagnose
teachers’ perceptions about bioinformatics
integration in middle and high school curricula
[17-20]. Teachers revealed to be interested in
bioinformatics and recognized the importance
of its incorporation in the curricula. However,
from these studies was not clear the impact of
the availability of computational resources at
schools, namely computers and internet
access. This study is a diagnostic of in-service
teachers’ perceptions about the accessibility of
computational resources at schools to promote
digital-based teaching and learning approaches
in general, and to implement bioinformatics
activities in particular.

1.1 Study Context

In a previous study, we diagnose teachers’
perceptions about bioinformatics and identify
the constrains for bioinformatics integration in
middle and high schools [20]. In fact, Martins et
al. [20] showed that teachers were interested in
bioinformatics as a scientific area and as a
didactic resource. Teachers revealed to be
acquainted with bioinformatics definition, well-
aware that computer and consistent internet
access is required for data mining of biological
datasets to retrieve meaningful information.
Alongside with teachers’ need of further training
to boost their confidence to carry out
bioinformatics-based interventions [20], it is
urgent to revise middle and high school
curricula to fuel an effective integration of
bioinformatics in teaching practices, which is in
line with other studies [6-7,16-19].

When in-service teachers were asked about
the informatics readiness of their schools to
promote bioinformatics-based approaches in
their teaching practices, the majority admitted
that their schools have the necessary
conditions to implement bioinformatics-based
approaches. Despite this, participants pointed
out as one of the main constrains the poor
internet connection and lack of computers [20].

The importance of clarifying these
testimonials was reinforced particularly taking
into account the recent need to rapidly
implement e-learning strategies as a
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consequence of the compulsory containment
due to COVID-19 pandemic [21-23]. To fully
investigate the reason why teachers
acknowledge that although schools have the
resources (i.e. computers and internet) these
are unsuitable to implement bioinformatics
activities, we carried out an inquire to 37
Biology teachers who attended a bioinformatics
workshop for science teachers [24].

To tackle this, two research questions were
raised:

e How well are Portuguese middle and
high schools prepared to implement
bioinformatics in the classroom?

¢ Is the informatics equipment available at
schools, updated and accessible for all
teachers and at any time, i.e., do schools

have the equipment available to
teachers and ready to be used in the
classroom?

2. Methods

2.1. Participants

This research focus on a group of teachers
who attended a training workshop in
bioinformatics “From DNA to Genes and to
Comparative Genomics: Bioinformatics in the
Classroom”. This four-hours workshop occurred
in Lisboa in the context of an annual
international meeting for teachers [24]. This
group consisted of 37 Biology teachers from 28
schools (26 public and 2 private) from 8
different regions, mainly urban areas, being
78.40% of the participants teaching at schools
in Lisboa and Setubal which are built-up areas
with a high population density.

Eight of the 37 teachers hold a MSc degree.
One teacher holds a PhD degree. Participants
have an average of 25.44 + 7.75 years of
teaching experience. At the moment of the
workshop, 12 teachers taught at middle school
level (students between 12-15 years old), 12
taught at high school level (students between
16-18 years old) and 12 taught both middle and
high school levels. One participant did not fill in
this information.

2.2. Materials
2.2.1. The Workshop

The workshop “From DNA to Genes and to
Comparative Genomics: Bioinformatics in the

Classroom” was designed and implemented for
the first time in 2018 under the scope of the V
International meeting for teachers of Casa das
Ciéncias [25]. This workshop is aimed to
explore with teachers the potential of
bioinformatics as a didactic resource. Following
specifically designed guidelines [11], teachers
are guided to explore four bioinformatics tools
in order to data mining a DNA sequence
focusing on identifying genes and determine
the putative functions of their products.
Additionally, using bioinformatics resources of
comparative genomics, the presence of certain
genes in different taxonomic groups is also
analysed in order to infer evolutionary
relationships. This holistic approach contributes
to understand basic notions of genomics,
genes, genomes and proteins and, adding to
this, introduces genomics-related key concepts
such as Open Reading Frame (ORF), Basic
Local Alignment Tool (BLAST) or synteny [26].

| I

2 Escherichia cot 0104 N4 2001C m NC olses
3 Encherchia col OLST NI wir Sakal NC 00009

Figure 1. Genome comparison between three
strains of Escherichia coli using a Venn Diagram
to identify the core genome, pan genome and
accessory genome

In 2019, a reedition of the workshop was
considered and performed during the VI
International meeting for teachers of Casa das
Ciéncias [24]. The workshop was updated to
include further resources. Efficient Database
framework for comparative Genome Analyses
using BLAST score Ratios (EDGAR) platform
was added in the workflow of the workshop to
run genome comparisons [27].

The activity was intended to identify, among
up to five bacterial strains, the set of
homologous and specific genes of each strain
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using the Venn Diagram functionality of
EDGAR (Fig. 1). Based on the results obtained,
notions of core genome, pan genome and
accessory genome are discussed. Circular
Plots and the Nucleotide Identity Average
matrix (ANI) (Fig. 2) are analysed from a
comparative genomics perspective. EDGAR
functionality for the creation of phylogenetic
trees is also explored.

e

AL DN S0, 004 IS VTG 3E01_NG_ 0V

Figure 2. Genome comparison between a set of

three strains of Escherichia coli and one strain

of Escherichia fergusonii using an ANl matrix to
identify genomes that belong to the same
bacteria species (>95% according to [28])

-
.

All the exercises proposed in the workshop
privileged simple, intuitive and user-friendly
tools. Adding to this, the graphic interface of the
outputs obtained at EDGAR are appealing and
empower analytical skills of data interpretation
through graphs and/or tables.

2.2.2. The Questionnaire

The questionnaire (Fig. 3), developed in our
previous study [20], was clustered in two
dimensions: teachers perceived knowledge on
bioinformatics (Q1, Q2, Q3, Q4, Q5, Q6, Q7,
Q9, Q12, Q13, Q14, Q15, Q16) and in-service
teachers’ perceptions about the computational
and internet resources available at their
schools to implement bioinformatics-based
activities (Q8, Q10, Q11).

These two dimensions aimed to know if the
participants are acquainted with the definition
and scope of bioinformatics, and to collect data
on their perceptions of school readiness to
implement bioinformatics as a didactic tool.

The questionnaire also included an initial
section for demographic characterization of the
group and three additional items to assess
teachers’ opinions about the questionnaire
itself.

Q1: Whatis Bioinformatics for you?

Q2: Bioinformatics-based activities are more suitable to be framed: (a) in the Biology curricula; (b) in the
and C ion T (ICT) curricula; or (c) in both Biology and ICT curricula.

Q3: Rate your interest on Bioinformatics: 1 (Not interested at all) - 5 (Very interested)

Q4: Rate your of on
Q4.2: After the workshop: 1 (Insufficient) - 5 (High)

ics: Q4.1: Before the workshop: 1 (Insufficient) - 5 (High);

of bicinformatics for research and

Rate the importance ... 1 (Not important at all) - 5 (Very important): QS: ..
; Q6: ... of i i Q7: ... of il

sdientific activities in y

activities in y

Q9: Have you explored bioinformatics tools by yourself in order to implement bicinformatics-based activities in
your classes? Yes __ No __

Q9.1: If o, did you i

the explored in the ?Yes _ No__

S| @9.1.1: If not, please indicate the main reasons why you do not the in the

Q12: Please rate your agreement with the following sentences; 1 (/ totally disagree) — 5 (/ totally agree): Q12.1:
My academic background gave me the tools to teach using bioinformatics tools; Q12.2: My professional training
gives me the tools to teach using bioinformatics tools; Q12.3: Planning bioinformatics-based activiies takes
more time and resources than other practical activities; Q12.4: Implementing bioinformatics-based activities in
the classroom is more time-consuming than other activities; Q12.5: The opportunities to attend training courses
on bioinformatics for teachers are still scarce.

Teachers’ perceived knowledge
on bioinformatics

Q13: Indicate the main reasons that motivated you to attend this workshop.
Q14: List the main difficulties that you found while performing the activities proposed in this workshop.

Q15: Please make suggestion(s) for improvements that you consider important concerning the activities of the
workshop you attended.

Q16: Would you be interested in attending more training courses/workshops promoted by research groups
which use bioinformatics tools in their lab routines? Yes __ No __

Q@8: Do you frequently use computers/tablets to explore online resources in practical classes? Yes __ No __

Q8.1: If so, please indicate how frequently in a school year do you use computers/tablets to explore online
resources in practical classes: 1 (Never) - 5 (Very often)

Q8.2: If not, please indicate the main reason(s) why you do not frequently use computers/tablets to explore
online resources in practical classes.

resources at schools

Q10: List the main constrains that can arise when implementing bioinformatics-based activities in the classroom.

Computational and internet

Q11: Do you think that your school/institution has the needed conditions (computers and internet access) to
explore bioinformatics in the classroom? Yes __ No __

Figure 3. Questionnaire used in the study
2.3. Data Collection

Teachers voluntarily enrolled in the
workshop which included a theoretical part and
a practice component during which teachers
co-worked in teams of two or three participants.

After the workshop all the participants were
informed about the main aim of this study and,
with their consent, the questionnaire (Fig. 3)
was applied.

2.4. Data Analyses

Descriptive and inferential statistical analysis
were performed for quantitative data [29]. For
qualitative data, a thematic content analysis of
the participants’ responses to open-ended
questions was carried out [30-31].

3. Results and Discussion
3.1. Teachers’ perceived knowledge on
bioinformatics

The participant teachers of this study
revealed to be aware of the main scope of
bioinformatics field (Q1). The majority (54.29%)
of the participants defined bioinformatics
according to the etymology of the word, which
is a one-dimensional definition referring to the
application of information technology to biology.
However, data analysis and data storage were
also mentioned. In this regard, it can be
considered that participants knew what
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bioinformatics is, recognized its importance for
scientific research (Q5) and revealed to be
highly interested in this scientific topic (Q3)
(Fig. 4).

llllll||['|
|

*Statistically significant differences between groups.
**Statistically significant differences before and after the workshop

Figure 4. Answers given by participants
according to a Likert Scale (Range 1 to 5). Bars
represent the mean value and the error bars
refer to the standard deviation

Participants (51.35%) agreed that
bioinformatics can be framed in Biology classes
and understand its potential as a teaching and
learning topic (Q2). Interestingly, teachers
added that bioinformatics could also be
explored both in Biology classes and
Information and Communications Technology
(ICT) classes. The reasoning is that
bioinformatics can be framed in the Biology
curricula, but it can also be used to promote
interdisciplinary based pedagogies. These
approaches are strongly encouraged according
to up-to-date science teaching standards, such
as the Next Generation Science Standards
[32], especially in the Science, Technology,
Engineering and Mathematics (STEM) field [33-
36]. This result reveals that participants of the
study were aware of the adequacy of
bioinformatics for Biology classes, but also
went further and showed to understand the
follow-up potentialities of this integration for
other curricular areas. It is important to
emphasize that participants were science
teachers and consequently do not teach
Information and Communications Technology
(ICT) classes.

There was a general agreement among
participants that bioinformatics-based activities
are adequate for high school level (Q7) (Fig. 4).

However, teachers inquired in this study,
showed concerns about the importance of
integrating biocinformatics-approaches in middle
school level (Q6) (Fig. 4). This result is lower
and statistically significant (p<0.07) when
compared to the results obtained among the
teachers who participated in the workshop
edition of 2018 that more confidently agree on
the importance of integrating bioinformatics in
middle school [20]. This difference can be due
to the exercises explored in workshop edition of
2019 that broaden the range of platforms
explored when compared with the first edition
of the workshop. This could have contributed to
teachers better understand how they integrate
bioinformatics in high school classes and, at
the same time, feel that all bioinformatics tools
are too complex for middle school level. When
designing a new workshop other platforms can
be explored such as Pathogen Modeling
Program (PMP) [37] or Combined Database for
Predictive Microbiology — ComBase [38-39] that
showed to be compatible with middle school
level to explore, for example, food preservation
techniques [12,40].

Not surprising, and consolidating the data
obtained in the first study [20], the majority
(70.27%) of participants admitted that they
have never explored bioinformatics tools by
themselves (Q9) and most of them (72.73%)
revealed to have actually implemented the
bioinformatics tools in their classes (Q9.1).
Teachers confirmed the perception that
bioinformatics-based strategies are more time
consuming and requires more resources than
other type of practical classes (Q12.3) (Fig. 4).

Furthermore, they feel that their academic
background and professional training is not
sufficient for them to confidently explore
bioinformatics tools within a didactic context
(Q9.1.1; Q12.1; Q12.2) (Fig. 4).

Concerning the perceived background of
teachers on bioinformatics, there is a
statistically  significant difference between
teachers’ answers (p<0.017) before and after the
workshop (Q4.1; Q4.2) (Fig. 4). Teachers
clearly agree that the workshop contributed to
deeper their background on bioinformatics. In
fact, workshop participants admitted that their
background on bioinformatics improved after
the workshop, boosting their confidence to
explore bioinformatics in the classroom.
Interestingly, the reason that motivated around
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half (48.65%) of the teachers to participate in
the workshop (Q13) was to gain further training,
corroborating the previous study [20].

These results were also obtained in the
assessment of other training interventions on
bioinformatics for teachers and corroborate the
need of teachers update on this field (Q12.5;
Q16) [6-7,16,18-20] (Fig. 4).

Regarding the workshop itself (Q14, Q15),
most of the participants did not mention any
improvements on the bioinformatics-based
activities explored at the session. The ones
who did, claimed for a longer workshop (more
than 4 hours) or a 25 hours training course to
broaden their perspectives on the potential of
bioinformatics-based tools adapted to different
school levels. Adding to this, informally
teachers express their will to access scientific
counselling to implement bioinformatics in their
classes all over the school year.

3.2. Teachers’ perceptions about the
computational and internet
resources available at schools to

implement bioinformatics-based
activities
According to the first dimension of
questions, regarding teachers’ perceived

knowledge on bioinformatics, it is legitim to
assume that participants were aware of the
main aim of bioinformatics, of its potential as an
educational resource, and that teachers were
interested and motivated to learn more about
this scientific field.

These participants were also conscious of
what is needed in order to implement
bioinformatics in their classes. Accordingly,
they are able to have a critical and a helpful
perception about the possibilities and the
constrains to integrate bioinformatics in their
different school realities.

The second dimension of questions aimed
to diagnose in-service teachers’ perceptions
about the computational and internet resources
available at their schools for bioinformatics-
based activities.

More than 90% of the participants admitted
using computers/tablets to explore digital
resources in their classes (Q8) which indicates

that teachers are used to take advantage of
technologies in their classes (Q8.1).

When asked specifically about the readiness
of their institutions to develop bioinformatics
activities, the majority (62.16%) of the
participants assumed that the
school/institutions where they were teaching
did not have the necessary conditions to
integrate bioinformatics-based strategies (Q11).
Although this data may apparently contradict
what teachers mentioned in the first edition of
the workshop [20], the evidence gathered in the
current study suggests that teachers
understood that the existence of computers and
internet does not ensure by itself the possibility
to carry out bioinformatics exercises.

Other constrains pointed out by teachers
impairing the implementation of bioinformatics
activities in the classroom (Q10) are related
with: logistic constrains (75%); training needs
(8.33%); literacy (perceived knowledge and
skills) (13.89%); and student’s performance
(2.78%).

Regarding the logistics constrains, teachers
mainly mentioned that computers at school are
obsolete, not easy to access and internet
connection is often poor (Fig. 5). Around 10%
of teachers reported informatics-based
resources understood as computers and
internet limitations.

45
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Computers Internet ime
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Figure 5. Main logistics constrains to
implement bioinformatics in the classroom from
an in-service teacher perspective (Q10)

Participant teachers who referred not to use
technological equipment in their classrooms
(@8.2) mentioned reasons such as: “Lack of
computers and time-consuming administrative
procedures to get access to a classroom
equipped with computers”; “Difficulties to
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access the internet’” and “Lack of computers in
the schools and so teachers have to ask
students to bring their personal computers”.
These statements suggest that school
computers are not really available for teaching,
being frequently allocated to no teaching
activities (school libraries and/or classrooms for
professional/technical programs).

Furthermore, it is important to highlight that
these results are likely biased since the
inquired teachers serve in central schools
located in large urban areas, in which is
expected that informatics resources (i.e.
computers and internet connection) are more
likely accessible comparatively with non-urban
schools. This suggests an inequity between
urban and non-urban schools regarding the

integration of bioinformatics in learning
activities.
A possibility to overcome the lack of

computers at school or to avoid using obsolete
computers is inviting students to use their own.
However, between 2009 and 2012, the
percentage of students who reported having a
least one computer or more at home in
Portugal is lower than OECD average [41]. This
reality become recently obvious with the e-
learning strategies implemented due to COVID-
19 pandemic [42-43].

Computers are now a key tool for teaching
and learning and more than ever their role as a
didactic instrument, that can connect students
and teachers, is highlighted [44-46]. In this
regard, governments should develop programs
and create funding opportunities in order to
make possible for each student to have a
computer at home.

Alternatively, personal smartphones may be
used to perform simple and accessible tasks
that do not require a computer as for instance
to introduce Phyton to answer biological
questions [47], or explore biodiversity using
deep-learning  platforms such as the
iNaturalist® [48-49].

Regarding limitations related with internet
access, teachers stated: “It is present at school,
but it is not working in an efficient way”. In fact,
among the schools sampled, although internet
connection is available, its efficiency can only
provide basic tasks, such as email or to access
digital resources for teachers, thus not suitable

for bioinformatics analysis. In public schools,
the internet network is provided by the ministry
of education and it has a limited access (both
concerning speed and number of computers
connected with). This means that even if the
students bring their personal computers, a
request for access a robust wireless connection
has to be made to execute bioinformatics
exercises. In this context, improving internet
access to both teachers and students within the
schools needs to be urgently considered by
educational stakeholders.

Finally, it is worthy mention that technical
support is important to ensure that informatics
equipment is set to operate normally. Although
this aspect was not mentioned by teachers, it
was inferred from informal discussions at the
workshop “From DNA to Genes and to
Comparative Genomics: Bioinformatics in the
Classroom” (2019). Furthermore,
interdisciplinarity and collaboration between
Biology teachers and ICT teachers during the
activities could help to address problems
related with computers and internet connection.

4. Conclusion

Generally, teachers acknowledged that their
schools are equipped with computers and
internet connection [20]. This may suggest that
resources would be available to integrate
bioinformatics in teaching practices. However,
in the present study teachers admitted that
often computers are obsolete with outdated
software, poor internet connection and
inaccessible for teaching.

Focusing on these considerations the active
use of educational web-based resources, in
which bioinformatics can have a key role, calls
for a digital reform of schools as encouraged by
Next Generation Science Standards (NGSS)
[32].
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Abstract. The aim of this research is to
determine how the thermal insulation subject at
the 7th grade of Science course can be applied
according to STEM learning approach. The
Energy Saving Home STEM event, developed
by the researchers, was implemented in the 7 /
B class of 27 students in the Ova Kime Evleri
secondary school of Salihli district. The
research was designed in the form of action
research. Opinions of students and researchers
were taken regarding the application. Content
analysis was used in the analysis of the
qualitative data obtained in the research. As a
result of the research, it was found that it is
possible to organize STEM learning activities,
students cooperated without getting bored
during the application, used their problem-
solving skills and gained the attainment of
thermal insulation.

Keywords. Problem Solving, STEM, Thermal
insulation.

1. Introduction

STEM education provides multi-dimensional
learning by bringing together different
disciplines and providing a link between them
[1. STEM  education, which is a
multidisciplinary approach that aims to educate
students with a holistic perspective on science,
technology, engineering and mathematics,
requires that these disciplines are used
independently and together in the solution of
daily life problems [2]. STEM education
approach in primary education can increase
students' interests,  achievements and
motivations especially with issues involving real
world problems [3]. One of the real-world
problems is the thermal insulation of the
houses to reduce the use of fossil fuels. When
conducting thermal insulation, it should be
known what insulating materials that heat
preservation will be best. Before starting the
activity, students in the class were divided into
groups of 5. In the distribution of professions
such as engineers, architects and
entrepreneurs, the group tried to choose the
people who can perform the profession they

have determined by making the most
appropriate decision. In this study, the Energy
Saving Home STEM activity prepared for the
students to work in collaboration and find
solutions to the thermal insulation which is a
real-world problem will be presented.

2. STEM Activity, Energy Saving Home
2.1. Attainments

e Science Course: From the heat-
temperature relationship experiences,
students infer that the most prominent
effect of heat on substances is warming-
cooling.

e Maths: By modelling different rectangular
prisms with given volume measures,
students infer that the volume is the
multiplication of floor area and height.

e Engineering: For the design idea s/he
developed for the solution of the
problem, students conclude how well
s/lhe can meet the criteria and
constraints of the problem.

e Technology: Students conclude that it
should be the tools to be used in the
design will give the best thermal
insulation.

2.2. Problem

People on earth live in homes to shelter.
People use either fossil fuels or electrical
energy to heat their homes on cold days.
Making more use of solar energy will save
these energy sources. The energy sources we
use will eventually be exhausted. We must
save energy in order to leave enough energy
sources for future generations. For this reason,
can you design a house that can protect the
heat of our houses, which are the areas we live
in, for a long time?

2.3. Aim of the Activity

The purpose of this event is to design and
build a house model using solar heating
techniques to maintain its heat as long as
possible.

2.4. Information on Thermal Insulation

In some cases, we want to protect the heat
and in some cases to be protected from its
harmful effects. For example, while we try to
maintain the ambient temperature in winter, we
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try to prevent the ambient heat in summer. In
such cases, we use heat insulating materials
with very little heat transfer. The purpose of
thermal insulation is to prevent heat exchange.
In other words, we try to prevent the ambient
heat from coming out or entering the heat from
outside. Thermal insulation is provided by
covering the areas where the indoor and
outdoor environments directly contact with heat
insulating materials. For example, the exterior
surfaces of the buildings are covered with heat
insulating materials for thermal insulation in
buildings. Any process that is done to protect
the heat of the materials by preventing heat
exchange is called thermal insulation. Thermal
insulating materials used for thermal insulation
are called insulation materials. Insulation
materials are made of heat insulating materials
that do not conduct heat well. Wood, plastic,
glass wool, rock wool, plastic foam, ftar,
bakelite, air gap are used as an insulating
material. The best example of the use of air
gap is the air between the double glasses.

2.5. Design

According to the question "How can |
provide the best heat preservation at home?"
students designed the house where the thermal
insulation will be the best. While designing,
students clearly thought how to reach their
intentions by turning their ideas into the
drawing; for example, to put the window of the
house towards the south. The students
proposed different ideas about their problems
as they could produce. With the design
drawing, the starting point of the solution
started. | noted that the materials may not work
as they expected, that engineers may often
have to make a few changes to their original
designs to be successful. Each team member
drew at least one design idea. (The groups
were given design drawing paper).

2.6. Tools

Foam, thin transparent plastic, thin rubber,
black background cardboard, adhesive,
abeslang, utility knife, scissors, silicone gun.

2.7. Product Development

Students, in their applications, created their
prototypes, taking into account the volume of
the house, its positioning, the direction of
windows and doors, and which materials for

insulation should be used in which parts of the
house. They marked and cut a rectangular
base 15 x 10 in size from the foams. They
formed the doors and claws on the foams in
any shape and size they wanted (Fig. 1). They
designed the house in the optimal volume for
heat preservation. At this stage, they completed
their mathematics attainment. They applied the
volume formula when creating the house model
with the rectangular prism.

Figure 1. Measuring insulation material (foam)
according to the wall size of the house

Figure 2. Measuring insullation material (wood)
according to the floor size of the house

Figure 3. Top view of the house

The material to be used for thermal
insulation varies according to according to the
region. For example, glass wool on the roofs,
wood (Fig. 2) on the floors, plastic foam on the
walls, double-glazed systems are used on the
windows. For this reason, wood and rubber and
foam materials were used on the floor, ceiling
and walls of the house.
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Abeslang rods were brought side by side
and glued to the base with silicone (Fig. 2). Its
dimensions were measured in accordance with
the base dimensions.

They cut rubber in the same size of the
foams. With the help of adhesive, they adhered
rubbers to the inner surface and ceiling of the
foams. They combined the rectangular foam
edges into a rectangular prism with the help of
a fastener. They taped across the cellophane to
prevent the edges of the prism from getting air

(Fig. 3).

They covered the walls, ceiling and floor of
the house with suitable insulation materials and
created the house prototype (Fig. 4). Finally,
they covered the exterior with colored
cardboards to make the house visually beautiful

(Fig. 5).

Figure 5. Evin dig cephesi yapimi
2.8. Testing

The regions where the heat loss is highest in
the houses are roof, windows, doors and walls.
In order to prevent losses here, these sections
should be heat insulated. At the same time, the
direction of the house designed is also
important to provide heat conservation.
Windows and doors should be designed to see

the sun. Students tested their home models
according to this feature of heat preservation.
The stages of this testing process are given
below.

Figure 9. Degree of the House receiving sunlight

In the first stage, they simulated the wind
breeze (Fig. 6) and recorded the temperature
with the wind breeze (dryer). This part of the
test will show how well your model house
retains heat.
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The temperature of the house with its
window and door in the direction where the
wind blows was measured as 8 degrees (Fig.
7).

In the second stage, they placed a
thermometer in their prototype houses and
illuminated their houses with a large bulb
(representing the sun) at an angle of 45
degrees for 8 minutes (Fig. 8). During this time,
they recorded the temperature inside the house
to see how warm the house was.

The door and window of the house facing
the sun were seen to benefit more from solar
energy and the temperature of the house was
measured as 14 degrees.

3. Findings
3.1. Student Opinions

After the activity, opinions regarding the
application were collected from the students.
These data were analyzed by content analysis
method. Themes were created in line with the
answers received from the questions. When
students give more than one answer to a
question, these answers are added to the
relevant themes. Students' opinions about the
activity are given in the table.

According to Table 1, students found the
STEM activity beneficial because they
understood thermal insulation, were able to
design, find solutions to real problems, develop
manual skills and are referred to thinking. They
stated that collaboration, problem solving,
prototyping, designing and communicating with
team members are positive features. Some
students stated that they had difficulty in
creating prototypes, raising time, working with
team members and design drawings. Nearly all
of the class found the STEM activity positive
and stated that they wanted it to be applied in
other lessons.

3.2. Researcher Opinions

According to the opinion of the researcher,
the Energy Saving Home STEM activity
implemented can be applied in the form of
STEM activity, the activity is completed in the
desired time and features, students complete
their studies in cooperation without getting
bored in the lesson.

Table 1. Student Opinions on STEM Activity

Questions Opinions N
In collaboration 12
. Respect different ideas 5
Do you t_hmk To be able to design 19
the activity you — .
. Finding solutions to real
have applied 14
) problems
has benefits -
How can | insulate 21
for you? In The devel tof
what areas? € development ot my 9
dexterity
in thinking 7
Design 12
What were Finding a solution to the
your favorite 15
aspects in the problem
pec Collaborate 23
activities you -
applied? Prototyping 17
Communications 7
What was In drawing 3
difficulty in this | In prototyping 4
event? Why is | In raising time 2
that? Working with the group 5
Would you like | Yes 25
to reapply No
such activities
on other 2
lessons or
topics?
4. Results

Most of the teachers practice heat-insulated

home activities in their classrooms. This event
is not a new event. The specificity of the
Energy Saving Home STEM activity in this
study is to determine in which parts of the
house the insulating materials are used to
create the thermal insulation and to decide the
direction of the house in order to provide the
best heat protection.

According to the opinions of students and
researchers in this activity,

* The students worked in groups taking
responsibility. It was observed that they
collaborate with teamwork and in this
way, they also use their communication
skills.

» To solve the problem, students were
prompted to think and team members
envisaged different ideas. While trying to
find the best idea, they respected each
other's ideas.

+ Hand skills are improved when designing
and making a house model.

* It was observed that some students had
difficulties in design drawing and model
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building. It has been determined that
some  students  experience time
problems compared to other team
members.

Researchers stated that there was no
problem in implementing STEM activity
and stated that it served for the purpose
of the activity.

According to the result of the research,
STEM activity served for the purpose of the
Science course.
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Abstract. Chitosan is a natural biopolymer,

cationic, biodegradable, non-toxic  and,
therefore, biocompatible. The Magnetic
Nanoparticles  currently have  extensive
applications, namely in  nanomedicine,

bioengineering, magnetic drug delivery systems
(MDDSs), biosensors and in improving the
quality of medical diagnostic images such as
Nuclear Magnetic Resonance imaging (NMR).
The importance of biomaterials for the
sustainability of the planet is currently a given
and inevitable fact and that's also the main
theme of this project. Thus, in this project
chitosan was synthesized from the chitin of the
shrimp shell, and Ilater were developed
ferromagnetic particles of chitosan. The
functionality of the chitosan nanoparticles was
tested in a simple experiment, in which the
MNP adsorption capacity for the methylene
blue dye was evaluated.

Keywords. Adsorption, Biomaterials, Fourier-
Transform Infrared Spectroscopy, Sustaina-
bility.

1. Introduction

Chitosan is obtained from the chitin present
in the shells of most crustaceans. It is a cationic
biopolymer, biodegradable, with low toxicity
and, therefore, biocompatible. These
characteristics and the fact that it is a natural
material, of low cost and abundant, made it
chosen as one of the main materials for our
project.

This product is obtained from the
deacetylation of chitin and the subsequent
presence of the amine groups makes it highly
reactive and, consequently, there is a better
adhesion with other materials. It can be used in
several areas namely in the pharmaceutical
and biomedical sciences. In addition, the shells
of crustaceans are waste that are neglected by
the industry and their integration in experiences
like this ends up highlighting the importance of

biomaterials, associated with the concept of
sustainability.

Magnetic nanoparticles currently have
extensive  applications, namely in the
nanomedicine, bioengineering, magnetic drug
delivery systems (MDDSs), biosensors and
improving the quality of medical diagnostic
images, such as nuclear magnetic resonance
(NMR).

In this project, we synthesize chitosan from
the chitin of the shrimp shell for the
development of magnetic chitosan coated
nanoparticles. From these nanoparticles, it is
possible to use them in several ways: it can be
possible to test its adsorption properties using
Ultraviolet-Visible spectroscopy (UV-VIS) and
to characterize the chitosan by Fourier-
transform Infrared Spectroscopy (FTIR).

One of the characteristics of these chitosan
nanoparticles is their ability to adsorption for
various anionic or cationic dyes. So, possibly,
they could be used for cleaning waters
contaminated by these dyes, such as removing
from methylene blue from pharmaceutical
wastewater effectively.

In this project, we focused on cleaning water
dyes due to the timeless importance that this
resource represents.

2. Methodology

Initially, the shrimp shells were washed to
remove protein residues and other types of
impurities, dried in an oven at 80°C overnight
and crushed until small particles were obtained.
15 grams of that powder resulting from the
shrimp shells were weighed and 250 mL of the
2% sodium hydroxide solution was added. This
mixture was heated to a temperature of 60-
70°C, with constant stirring and for 1 hour.
Subsequently, filtration and washing with
deionized water was performed until the pH of
the washing water was neutral, that is with
pH=7.

Finally, drying took place in the oven at 80°C
overnight. The purpose of this step is to
denature and remove proteins present in the
exoskeleton.

In a next step, the shrimp shell was
transferred to a beaker and 250 mL of 7% HCI
solution was added, leaving under constant
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stirring until the gas (C0,) release ceased. To
verify that the reaction was complete, 10 mL of
7% HCI was added. If no gas is released, filter
the chitin and wash the filtrate until the washing
water comes out with neutral pH. Drying of the
material.

As the calcium carbonate present in the
shrimp’s exoskeleton was removed, chitin was
deacetylated to obtain chitosan. Thus, 100 mL
of 50% NaOH solution was added to 2 g of the
obtained chitin (heat to 100°C, under reflux and
stir for 5 hours). If there is no reflux equipment,
it will be necessary to top up the water volume
constantly so that the reaction does not dry out.
After completing the reaction, the chitosan was
filtered and washed with water and then with
ethanol. Drying of the product.

To purify the chitosan, the product was
dissolved in a 0.5 mol.dm™ acetic acid solution,
allowing to stir for 1 day. Subsequently,
insoluble compounds were filtered, discarding
them. The NH,OH solution was added until
complete chitosan precipitation, the product
was filtered, washed with distilled water until
the pH of the washing water was around 7.0,
and then washed with ethanol. Drying of the
obtained chitosan.

Dissolving 2 g of chitosan in 100 mL of 2%
glacial acetic acid solution in a 150 mL beaker
made it possible to prepare a chitosan solution.

An important stage of this project was the
production of nanoparticles. For this purpose,
proceeded: the preparation of 20 mL of a 0.5
mol.dm™ aqueous hydrochloric acid solution;
preparing 100 mL of a 1.5 mol.dm™ aqueous
sodium hydroxide solution; solubilizing 2.1624
g (8 mmol) of iron (lll) chloride hexahydrate in 5
mL of 0.5 mol.dm™ HCI aqueous solution;
mixing the two iron salt solutions mentioned
above; adding the resulting solution to the
aqueous NaOH solution under vigorous stirring
for 30 minutes; magnetic separation of the
resulting black precipitate and washing twice
with 50 mL of deionized water; finally, the
dispersion of the precipitate in a stabilizing
medium  (tetramethylammonium  hydroxide
solution).

In the next stage, the chitosan ferromagnetic
nanoparticles were prepared. For this, 1 g of
magnetite nanoparticles were weighed and
suspended in 50 mL of deionized water.

Under vigorous stirring, the magnetic
nanoparticle solution was added over the acetic
chitosan solution. Thereafter it was stirred for
30 minutes. A magnet was placed under the
beaker and waited until complete decanting of
the compost (around 5 minutes). The
supernatant solution was removed with a
pipette until approximately 50 mL volume
remained and 25 mL of 5.0 mol.dm™® NaOH
solution was added slowly.

With a magnet placed under the beaker, the
supernatant solution was discarded and the
magnetic nanoparticles coated with chitosan
thus obtained were washed. It was washed first
with deionized water and then with acetone.

Finally, a diluted methylene blue solution
(0.2 mg.dm™) was prepared (solution AQ).
Then, different mass values of the chitosan
nanoparticles were weighed in 3 beakers (0.1
(A1); 0.2 (A2) and 0.3 (A3) grams).
Subsequently, each of the masses was added
to three methylene blue solutions of equal
volume. Samples of each of these beakers and
a sample of methylene blue solution were
collected in cuvettes in order to test the
adsorption properties of the nanoparticles
through UV-VIS spectrophotometry at 665 nm.
Chitosan was characterized by FTIR.

3. Results

The magnetic chitosan nanoparticles
production didn't led to the exact expected
result. Due to the agglomeration of some of
these nanoparticles, their dimension become
bigger than desired, what make the interaction
between nanoparticles and the magnet much
more difficult.

In order to solve this issue, an additional
filtration process was needed to isolate the
smallest nanoparticles. This nanoparticles were
suspended in the solution that was previously
decanted and due to their smallest dimension,
their interaction with the magnet was better
(Fig. 1 and 2).

In the final phase of this project, four
different samples have been produced: the A0
sample which contained only a solution of
Methylene Blue and the A1, A2 and A3
samples that besides containing the same
amount of solution of Methylene Blue, also
included, respectively, 100, 200 and 300 mg of
magnetic chitosan nanoparticles (Table 1).
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Figure 1. Interaction between nanoparticles and
magnet

Figure 2. Interaction between nanoparticles and
magnet

Table 1. Experience data table

0,0 0,0000 0,2000 | 0,115714

100,8 1,2600 0,1867 | 0,107997

200,9 2,5113 0,1491 | 0,086265

301,5 3,7688 0,1079 | 0,062429
The Graph 1, obtained by using
spectroscopy technique, show us the

absorption values of these samples in the UV-
VIS radiation. The maximum absorption value
is obtained for each sample when the
wavelength of the rays is 665 nm, as we can

see in the Graph 1. The final results are in line
with the expectation as the biggest is the
quantity of magnetic chitosan nanoparticles the
lowest are the absorption values.

Graph 1. Adsorption spectrum of solutions A0,
A1, A2 and A3

Based on the formula (1), using absorption
values and molar absorptivity coefficient we
were able to calculate the concentration of the
solutions and, with formula (2), the absorption
values of the samples.

In the second equation (2), g, represents the
adsorption value (mg AM/ g Adsorbent) that we
pretend to achieve, C, is the concentration of
AM (mg/L) in the sample A0, C, is the
concentration of AM (mg/L) in the sample which
we are ftrying to calculate the value of
adsorption, m is mass of nanoparticles (mg)
and V volume of solution (mL).

c="2 (1)

&

Co—Ce
===y @

In equation (3) it's possible to calculate the
value ¢ (molar attenuation coefficient) of the
AM solution.

Co

The values of Table 2, let us conclude that
the biggest the nanoparticles concentration in
the solution is, the biggest will be the
adsorption values.

It is also very important to mention that the
pH also has influence on the adsorption values.
In our case we decided to not adjust the pH as
it was already very close to 6, value already
validated by other studies as the one
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presenting better absorption by magnetic
chitosan nanoparticles.

Table 2. Adsorption obtained values

sample | Adsorption
Al 0,01056
A2 0,02027
A3 0,02444

4. Conclusions

Through the analysis of absorption
spectrum, we could conclude that sample AO,
without nanoparticles, has a better absorption
at 665 nm than samples A1, A2 and A3. This is
related to the fact that nanoparticles absorb the
Methylene Blue and, therefore, having a lower
absorption. Analyzing the results allow as to
conclude that increasing the amount of
nanoparticles in the solutions, the absorption
values also increase and the concentration of
Methylene Blue will drop significantly. This
cannot be solely explained by the addition of a
solute and consequent reduction of
concentration.

Based on adsorption values and the drop of
the concentration, we can conclude that these
nanoparticles have an efficient adsorption of
Methylene Blue, what make them appropriate
for remove, for example, pharmaceutical waste
from water. Last but not least, we would like to
mention that the effects from the pH of the
solutions on nanoparticles adsorption or the
effect of contact time and initial concentration of
Methylene Blue, could have been studied to
give more consistency to our project, however
due to the actual pandemic situation we
decided to perform only FTIR tests.
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Abstract. Nanoinventum is a scientific co-
creation project, based on disciplines in
Science, Technology, Engineering, Arts and
Mathematics — STE(A)M — aiming to introduce
nanotechnology in primary school. The main
objective is to create a model for a nanorobot,
based on the knowledge of different scientific
topics, such as nanotechnology, matter, atoms
and molecules, adapted to the curriculum. The
project uses strategies like co-creation, design
thinking and concept maps. The project's
pedagogical approach works with different
areas of the curriculum through didactic demo
activities that attract the interest of school
pupils and enhance their competences through
reasoning, deduction, play and key roles.

Keywords. Nanoinventum, Primary School,
Nanotechnology, Nanomaterials, Mind Map.

1. Introduction

While being children, we used to wonder
about the falling of leaves or snow, didn’t we?
As a matter of fact, while wondering about the
mechanisms behind nature, children naturally
behave in a scientific fashion. The question is,
when and how science becomes something we
are not interested in anymore? Why do we lose
our scientific vocation? Science is a two-sided
coin; one of them tells us about the certitude
(equations, known facts) and the other, widely
more unknown, tells us about vocations,
feelings, emotions, dimensions of human life
which are wusually misrepresented in our
classrooms but much closer to the classical
scientific spirit that sprouts from the cry of joy
“Eureka!” and that nurtures our creative
dimension, passionate to apprehend the truth
and embedded in the challenging experience of
discovering our surroundings. Science, then,
becomes a game that tries to understand life by
means of experimental activities that children
understand as something close and familiar.

The teaching and spreading of new
technologies is not an easy task [1] and
Nanoscience and Nanotechnology (N&N) are,
by no means, no exception; N&N deals with
highly complex phenomena, seasoned with a
dense and very specific terminology, usually in
English. It is mandatory to promote activities
that, far from losing conceptual rigorousness,
let students and teachers to develop the skills
to be able to remain critical in face of the future
usages of N&N in daily life. One of the main
particularities of teaching N&N is the challenge
that sprouts from multidisciplinary (physics,
biology, chemistry, engineering,...), as it
nourishes from concepts that break the

(imaginary) limits between disciplines.

Figure 1. Science as a vocation

Nowadays, youngsters living in developed
countries are losing interest in scientific careers
[2]. In Spain, scientific vocations are in full
retreat; this fact leads as to a main crossroad
when it comes to consider the regeneration of
scientific critical mass. Willing to deal with this
fact, “La Caixa” foundation (and FECYT)
engaged a study to evaluate the impact of
scientific divulgation initiatives in the promotion
of scientific-technological vocations [3]. One of
the main conclusions is that these kinds of
actions positively affect the number of
youngsters interested in pursuing scientific and
technological careers. Experts agree with the
fact that promoting scientific vocations at all
educational levels is an urgent and utterly
important enterprise, and that the role of
educators in this challenge is paramount. Last
PISA report [4] evaluated mathematical,
scientific and reading skills. All the Spanish
regions participated in the study. In science,
Spain (483) scored 6 points below the OCDE
average (489) and 10 below the 2015 report.
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Undoubtedly, and in order to improve these
results, projects oriented to boost the number
of scientific vocations and to improve the mean
scientific level of population must be engaged.
These projects, as is the case of
NANOINVENTUM [5], must engage students
itself both in the co-creation of materials and
contents and in the development of teamwork
skills, so as to set the basis of the I[+D
philosophy sprouting from multidisciplinary.

The main goal of NANOINVENTUM is to
introduce the N&N language and tools to the
participants, as well as to set up workshops
and ready-to-use learning contents for primary
school environments. In order to do so, we plan
to contact with the different agents implied in
N&N communication and dissemination.
Knowledge in the fields of of science and
technology is paramount to tackle the
enormous global challenges we will all face as
society in years to come. According to the
paper “Movilidad virtual, el reto del aprendizaje
de la educacion superior en Europa 2020 [6],
more than 40% of workplaces will require
advanced educational skills. The study claims
that scientific divulgation initiatives increase the
number of youngsters interested in pursuing
scientific or technological careers.

2. The project:
primary school

Nanotechnology and

Nanoinventum is a scientific co-creation
project, based on disciplines in Science,
Technology, Engineering, Arts and
Mathematics — STE(A)M — aiming to introduce
nanotechnology in primary school. The main
objective is to create a model for a nanorobot,
based on the knowledge of different scientific
topics, such as nanotechnology, matter, atoms
and molecules, adapted to the curriculum. The
project uses strategies like co-creation, design
thinking and concept maps.

The project seeks on one hand to involve
students in the co-creation of research
materials, thus getting to know a new
technology for the future, and on the other
hand, working together as a team, assimilating
work in research and development that is
increasingly based on multidisciplinary, which
favours interaction with other team members
and audiences. The project's pedagogical
approach works with different areas of the
curriculum through didactic demo activities that

attract the interest of school pupils and
enhance their competences through reasoning,
deduction, play and key roles.

The project deals with a series of successive
activities that are based on a didactic
progression map and educational resources,
with the aim of obtaining an artefact based on a
NANOROBOT that is able to develop an
application for the future. Participants must
submit a drawing or a model made with
recycled materials with brief explanations of
their proposals.

A

Figure 2. Nano robots creations

The first edition of the NANOINVENTUM
project was developed and deployed in
springtime 2017, in the frame of the Festival
Nacional de Nanodivulgacion, 10alamenos9
[7]. All along the 2018/19 school term, the
project was applied in 5 schools in the area of
Barcelona (220 students). 3 schools engaged
the first edition of the project (6 primary school
groups, 130 students): during this period of
time, and by using the NANOINVENTUM
webpage [5], 36 different ideas/applications
aroused. All of them were published in the
NANOINVENTUM webpage and shared in
social networks.

2018/19 edition was devised to have a more
ambitious scope: the calendar widened so as to
better suit the needs of 5 schools that produced
52  different  ideas/applications/proposals,
periodically published in the NANOINVENTUM
webpage and social networks. Then, specialists
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in scientific divulgation, didactics, development
of activities and research in N&N implemented
the projects in the classrooms. The project
ended with a Scientific Fair in the frame of the
Festival Nacional de  Nanodivulgacion,
10alamenos9, 2019 edition. During the 2019/20
school term, the project was reedited. During
November 2019, a training course was
implemented and in February 2020 a meeting
with teachers took place so as to provide them
with the Nano kit NANOEXPLORA [8] and to
initiate the classroom work. Results are
summarized in [9] and [10].

NANOINVENTUM's main goal is to
incorporate science and technology in primary
schools. In practical terms, we intend that
students to create a model of a nanorobot by
using the skills and knowledges acquired
during the development of the
NANOINVENTUM project. We truly want kids
to be familiar with science, to enjoy it, to wake
up their love for it with the ultimate goal of
feeding their interest for science and to improve
their scientific knowledge.

NANOINVENTUM offers a didactic proposal
in consecutive steps. First of all, specific
training is provided to teachers, which are
furnished with didactic and experimental tools
(most of them highly innovative) to deal with
N&N concepts in the classroom. The
consecution of the training process and
application in real educative environments
results in the generation of didactic charts,
written in a collaborative basis between
teachers and students, with specific proposals
that aim to generate N&N challenges. Final
products will be ultimately shown in a scientific
fair that will simulate a scientific meeting.

2.1. Phases of the project

The project is divided in a series of

consecutive steps:
2.1.1. Training of the teachers

Teachers will participate in a formative
session, where the key points of the project will
be thoroughly discussed. Theoretical and
practical contents will be provided, so as to be
straightforwardly implemented in the
classroom. This sessions will be held in
collaboration with the Centre de Recursos i
Innovacié Pedagogica de la Generaltat de

Catalunya (CESIRE). So as to correctly deploy
the activities, didactic charts will be created in
the shape of progression maps [11] in order to
provide teachers with suitable tools to explain
N&N concepts. These charts will include the
basic notions to understand the atom, the
molecule, the properties of matter, the influence
of shape and size, etc.

> ‘e o
..

PHASESOF (¥
THE PROJECT

Phases combine teachers and students training,
hands-on experimentation in the classroom and the
active participation ofresearchers.

NANOEXPLORA KIT

Based on a progression map adapted to the
curriculum, the kit offers a series of experimental
activities devised to learn nanotechnology
concepts. Students, with the supervision of
teachers, performthem in the classroom.

PROPOSAL AND EVALUATION

Students design and manufacture
nanorobot models, specially tailored to
solve especifical present or future
nanotechnology-linked challenges.
Proposals receive feedback and
assessment by experts.

3

NANOINVENTUM “4
4

Figure 3. Nanolnventum phases
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2.1.2. Training of students

The final goal is for the students to create a
N&N-based project. To do so, a didactic
toolbox called NANOEXPLORA will be used.
The toolbox holds the materials to perform 8
different experiments that exemplify the key
points of the present projectt What is
nanotechnology, what is a nanorobot, what are
nanomaterials, atoms and molecules and so
on. The webpage of the project will be used as
a backup and support platform where
divulgative materials will be published.

2.1.3. Visit of a so-called NanoExperta
(and redaction of the nanorobot
charts and documentation)

During 4 days, a range of activities about
N&N will be performed and models of the final
projects will be manufactured by the students.
A divulgator and expert about N&N will
accompany the students in a fascinating
journey across the Nano world, showing them a
selected variety of real projects to exemplify the
interdisciplinary and disrupting extent of this
discipline. The third phase will be completed
with a co-creation workshop that will bring birth
to the projects designed by the students.

Multidisciplinary teams of 4 students will be
created and each member of the team will hold
a specific function (an image of the chart that
teams will work on is included). The roles are
as follows:

e Team leader (preferably a girl): it
coordinates the team and presents the
results to the audience. She describes
the problem and its main characteristics
and exposes the solution proposed by
the team.

e Production manager: the production
manager designs the model and picks
up the correct materials to bring the
project to life.

e Research manager: the research
manager describes and analyses the
problem to be solved and chooses the
correct scientific tools to do so.

¢ Communication manager: the
communication manager is in charge of
the redaction of a document that
summarizes the characteristics of the
project itself. Publication of results and
evaluation.

2.1.4. Publication of
evaluation

results and

Each team will present a final project to be
assessed and evaluated by Nano experts. The
finalists will record a video explaining their
proposal. These videos will be published in our
YouTube channel.

2.1.5. Presentation of results (Scientific
Contest)

The project manager will present the results
and the final models. The finalists will be
selected, having in mind the following items:
scientific proposal quality, innovation degree,
communication and design.

NANOINVENTUM tackles the goal of
changing the vision that primary school
students have about science. After the whole
process, they consider that science is
something natural and challenging. The project
succeeds in waking up interest about science
and technology and STEAM disciplines
(Science, Technology, Engineering, Art and
Mathematics), improving their skills and
chances of success in the academic and
professional spheres and boosting their will to
participate, to innovate and to create by means
of artistic activities. The project highly
underlines the key role of girls, historically
underrepresented in these kinds of disciplines.
A whole variety of didactic strategies are
deployed, as could be team working, Design
Thinking (an innovative methodology) and
progression maps. The project deploys a series
of consecutive activities based on a didactic
chart that underlines the evolution of the project
and on educative resources that point towards
the manufacturing of a “Nano invention”,
designed to fulfil a specific function in the
future. The project holds to a set of main
guidelines: Education, Divulgation, Ethics,
Science and Arts.

Besides, the project aims for a set of
secondary goals: a) the development of a
logical and independent thinking in students
that helps us to take rational decisions, to solve
conflicts and to consolidate the necessary skills
to tackle daily life situations; b) To Boost
scientific vocations in young girls and to
encourage them to actively participate in
scientific activities; c) To train both students
and teachers to high standards of scientific
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knowledge, while providing educators with tools
and activities that promote a dynamic and
attractive vision of science and technology as a
suitable complement of academic curricula; d)
To teach science by performing experiments
based on scientific thinking, as a rightful and
necessary complement of theoretical contents.

NANOINVENTUM encourages personal and
team-based initiative, originality and creativity
to respond to problems, develops the
paramount “learning to learn” skill, putting into
practice experimental experiences,
observations and researches that let students
to get closer to the world of science, mind
storming together and team working, always

with a multidisciplinary scope. Besides,
NANOINVENTUM promotes:
The ability to think in a logical and

independent way, to solve conflicts and to
acquire the necessary resources to tackle daily
life challenges.

e The processing of daily life knowledge
so as to to give it a new significance.

e Opportunities to develop scientific
vocations and to promote interests.

e The engagement of young girls in the
path of science and technology.

e Team working. Two minds are more
than the sum of their individual
potentialities.

e Experimentation as a key component of
knowledge.

e The fact that we must deal with real
problems together and find solutions
together. Doing so, and step by step,
we learn to apply our creativity to real
life, which becomes a key skill for the
future.

e The demystification of the Pygmalion
effect, where sciences are regarded as
difficult but necessary for the
development of professional careers.

From a didactic point of view, the project
promotes the introduction of scientific-
technological concepts by means of the so-
called “progression maps”, that is, charts where
concepts are introduced in a consecutive and
progressive way and in a pre-established
logical order. From a scholar point of view, the
introduction of concepts will benefit from
ludification, game and interpersonal

interactions to facilitate the assimilation of
concepts.

NANOINVENTUM promotes the interest for
observation and generation of scientific
questions and provides the necessary
scaffolding to produce coherent answers based
on well-known scientific facts. It uses materials,
instruments and specific laboratory techniques,
keeping in mind security and operational
instructions. NANOINVENTUM is devised to be
applied in the second part of primary school
and adapts to legal curriculum

We firmly believe that this project, being
oriented towards primary education students,
may boost interest for science and may
contribute to break gender stereotypes, leading
to an increase in the number of feminine
careers in college degrees where their
presence is, even today, very sparse, as is the
case of engineering, mathematics and physics.
In this sense, an important part of the proposed
contents devised to deal with ethical and social
aspects of nanotechnology will focus on the
urgent need to provide an egalitarian access to
new technologies.

3. Progression Map

NANOINVENTUM is a scientific co-creation
project that intends to introduce N&N in the
primary school classrooms. By means of
experimentation and progression maps a whole
range of scientific concepts are introduced.
After that, work teams are formed and roles are
chosen. Then, with the help of provided
materials, the students create a model based
on nanotechnological concepts designed to
solve a future problem. The singularity of the
present project lies in the fact that all this
knowledge will be introduced and presented to
very young students, that is, in primary school,
a special moment of life where scientific
vocations begin to build up. Besides,
NANOINVENTUM offers new tools so as to
approach STEAM disciplines, like the toolbox
with didactic experiences based on a
progression map that sets a progressive and
comprehensive way for students to apprehend
the nanotechnological concepts. Finally, the
experimental work is complemented by an
artistic part that boosts creativity and breaks
frontiers between disciplines, promoting a less
intimidating regard on science.
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NANOINVENTUM is intimately bounded to
the academic curriculum and expert
assessment has been considered. The basic
competences that students develop while
progressing through NANOINVENTUM are:

a) To make questions about the
environment and immediate
surroundings, applying strategies of
data research and data analysis so as
to reach scientific answers;

b) To consider social issues while
interpreting causes and consequences,
proposing answers for the future;

c) To use materials in an efficient way by
means of scientific and technological
criteria so as to solve daily life issues;

d) To design simple machines and to use
artefacts in a safe and efficient way;

e) To adopt good habits about the
acquisition and use of goods and
services by applying social and scientific
knowledge and promoting a responsible
consumption;

f) To generate interest in observation and
in the generation of coherent scientific

questions;
g) To design and put into practice
experiments. To analyse and

communicate results;

h) To use materials and specific laboratory
techniques considering security
aspects.

Generalitat de Catalunya P
Departament d'Educacié C€SIre

Figure 4. Nanolnventum progression map

The didactic approach combines theory
(training for teachers) and experimentation
(hands-on work by the students using the Nano
kit NanoExplora). This Nano kit is the first to be
specifically designed for primary school and is
intimately linked with the progression map that
paves to way to a thoroughly learning of
nanotechnology concepts.

3.1. What do we teach? How do we
structure knowledge?

e An invisible world. The properties of
materials can be explained according
to their structure, that is, how are they
formed and which is the ordering of
their composing particles. These
structures can only be seen by using
nanotechnology-related instruments. In
this activity, the main frame of what
“‘nano” means is set.

e Smaller but more... We tackle with the
difference in properties that arise from
the variation of particles size. Having in
mind that the amount of surface
incredibly increases as particles get
smaller and smaller, the different
interaction of light and the
predominance of certain forces in front
of gravity can be explained. This
second activity provides the tools to
simulate these effects and to observe
the different colours that nanoparticles
have in water according to their size.

e Amazing possibilities. Nanotechnology
opens the way to produce materials
with incredible properties, so amazing
applications open wide.

e I's time to take your decision.
Nanomaterials are increasingly present
in our daily life. They have advantages,
but it is necessary to use them
responsibly and to consider the pros
and cons (usually in the shape of
potential dangers for health). We still
lack of long-term risk studies to assess
their potential harmfulness, as well as
suitable legislation to deal with their
use and commercialization.

3.2. Progression maps steps

The progression map sets the steps in which
the different concepts will be presented to the
students:
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e Phase 1: a) Structure of matter; b)
Description of the objects in terms of
materials.

e Phase 2: al1) How particles bind
together; a2) Distribution of particles; b1)
Surface and volume; b2) The properties.

e Phase 3: c1) Binding of particles and
formation of compounds; c2) Specific
surface.

e Phase 4: d1) Inner structure; d2)
Relationship between specific surface,
interaction and reactivity.

e Phase 5: e1) Properties of materials as a
function of the structure; e2) Properties
of materials as a function of the surface.

3.3. Applied methodology is based in 4
basic ideas:

e Experimentation in the classroom: the
conditions to promote a certain
phenomenon are set up, so testing can
be done after following the sequence
Observation / Hypothesis / Experience /
Results / Interpretation / Conclusions.

e Progression map: didactic charts are
developed by following the strategy of
the progression map so as to help
teachers to explain N&N concepts in a
structured way by considering basic
concepts as the atom, the properties of
matter and so on. We firmly believe that
this is a tool of great interest for primary
schools to teach students how to read,
think and learn. Progression maps are
paramount when it comes to deeply
comprehend how  concepts are
interlinked and how they fit in bigger
knowledge structures. Progression maps
organize in the shape of trees that grow
and sprout from a central concept and
expand and ramify to reach a variety of
secondary concepts.

e Team dynamics and roles: a series of
different roles are specified in order to
promote the creation of new ideas and
team working

o Design Thinking and creativity: thinking
is oriented towards the resolution of real
problems and searches for adapted
solutions to deal with the real needs of
students. Prototypes are generated and
their pros and cons are assessed,
conclusions are applied to produce
better and more interesting prototypes.

e Team work and team mind storming are
highly —regarded by keeping a
multidisciplinary approach.

4. Timing of the project
4.1. First activity

Organization, certification and enrolling of
teachers in the Training Course for Primary
School Teachers (third term of the school year).
From July to October, the selection of the
educational centres that will participate in the
project will he held.

Training course for primary school teachers
(November - January): 8 hours in total.

4.2. Second activity

Hands-on work in the schools:
experimentation with the kits NANOEXPLORA
(February - March). Kits and didactic charts will
be sent to the educational centres so as to
perform the practical part of the project. During
the development of this phase (theory and
practice imparted to students), team works will
be arranged by the teachers. During the
development of this phase, the teacher will
collect questions and comments and will be
assisted by an expert tutor (a researcher). At
the same time, the organizers of the final
contest will provide information about it and will
detail the format and content of posters,
presentations, as well as all the details about
the final venue.

4.3. Third activity

Visit of the NanoExperta and redaction of
the nanorobot charts (March - April). After the
experimentation phase, the redaction of the
proposals will be initiated and the
nanotechnology experts visit the schools so as
to solve questions, impart specific contents,
share knowledge and become referents for the
students in the field of nanotechnology. During
this phase, the groups of 4 that will develop
specific proposals will be set.

4.4. Fourth activity

Publication of results and evaluation by
Nano experts (April - May). Team proposals,
redacted according the knowledge acquired
along the development of the project, will be
published. The teams will try to solve a
challenge (a present or future one) related with
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nanotechnology. Proposals will be assessed by
experts. After that, teams will receive feedback
and will be able to present an improved
proposal, manufacture a prototype and record a
video where they would explain their proposal.

4.5. Fifth activity

Presentation of results (Scientific Contest
(Fair)). May. A scientific fair with all the
prototypes manufactured by the teams will be
presented. A panel of experts will assess the
implemented improvements in terms of
creativity, design and scientific proposal. The
venue will include other ludic activities.

4.6. Other (parallel) activities

Creation of a virtual community online
(September - February). This is a transversal
activity that takes place during phase 1 and that
points towards the establishment of a
community where scientific and educational
agents are implied so as to support the project.
The main goal is to boost the exchange of
knowledge and facilitate the improvement of
the project and that of the applied didactic
methods.

Evaluate the impact of the project (May -
June).

5. Mechanisms of impact evaluation

The evaluation will be held by means of two
different paths of actions: firstly, a formulary
that is proposed to the students after the
completion of the activity and secondly, the
transference of some of the contents to other
learning environments. According to the first
path of action, the general perception of
students according to the degree of subjective
significance that have represented the tackled
contents is assessed, as well as the formal
aspects of the presented proposals. According
to the second path of action, the ability to relate
the contents of the activity with other areas of
knowledge (for example, linguistics) is also
assessed.

The quantitative evaluation of the project
impact will be performed according to the
following indicators: 1) Number of participants
(researchers, teachers and students). 2)
Number of educative centres enrolled in the
project. 3) Distribution of the educative centres
and the participants. 4) Level of acquired

knowledge: students will be evaluated with a
knowledge test before and after the project. 5)
Degree of satisfaction of the participants by
means of a formulary. 6) Number of visits to the
webpage. 7) Number of received messages
and assessment of their impact in the social
networks (this is a key point to reach the virtual
goals set up in the NANOINVENTUM
documentation). As an example, two tweets of
the final fair: 1) https://bit.ly/34dTV8b
(encouraging participation, more than 4000
reactions), and 2) https://t.co/JzG7keeX3s (final
venue preparation, 5000 reactions). Results
and products after the consecution of the
project will be as follows: 1) After the
consecution of phases 1 and 2, a pool of 200 to
400 students and 15 to 25 participant teachers
will have acquired remarkable knowledge in a
field that it is not yet represented in the official
curriculum. 2) A virtual community will be
created where educative agents (students,
teachers, educational centres for teachers,
associations), scientific agents (CSIC centres,
universities, scientific associations) and society
itself will be encouraged to participate. 3) The
number of students will double thanks to the
number of teachers that will also participate in
phase 1. It is believed that the activity as a
whole will keep active after the execution of the
project.

NANOINVENTUM will
CREA (Community of Researchers on
Excellence for All (12), a community of
multidisciplinary researchers that sprouted from
the University of Barcelona. It is formed by
more than 60 professors that cover a wide
range of Social Science disciplines. CREA
coordinated in the past several research
projects funded by the European Commission.
These researchers lead research [+D+i projects
at a state level. It is worth to highlight projects
as IMPACT-EV, funded in the frame of the 7th
Programme of the EU, where research
guidelines concerning research politics in the
fields of scientific, social and political impact of
research, both in the EU as a whole and in their
individual members were set up.

be supervised by

6. Conclusions

There is a remarkable misunderstanding in
Spanish  society about the professional
openings that sprout from scientific careers and
about the different academic subjects that are
interlinked with them, and this creates a deep
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fracture that is so perceived from early ages.
The project points towards the creation of a
prototype based on nanotechnology. To do so,
recycled materials are used. The
implementation of projects that are heavily
focused on the environment, energy, health is
of capital importance. NANOINVENTUM
provides teachers and students with a set of
tools to introduce research, science and new
technologies in the classroom and to boost
creativity and teamwork. It promotes the
participation of students in proposals of
scientific communication. Doing so, they move
from passive information receptors to active
subjects, a change of paradigm where curiosity
becomes the core driving force. The study of
N&N spans, not only the domains of science
and technology, but also other regions of
human knowledge. For example, Social
sciences and Humanities are also
implemented, by means of the introduction of
philosophical, ethical and social concepts. It is
a powerful tool to boost scientific vocations and
to transform science into a close, quotidian and
playful discipline.

After the consecution of the project, we will
obtain the following products: a) Didactic guide
for the training of teachers; b) Didactic guide
and experimental kit adapted to students and
curriculum; c) Guidelines for team working and
creativity tools to promote ideas; d) Videos of
the prototypes created by the students; f)
Webpage of the project; g) Documentation of
the project that can be exported to other
communities and places; h) YouTube channel
of the project; i) Creation of a virtual community
via webpage and social networks and j)
Evaluation and impact of the project.

Implementation of NANOINVENTUM
becomes an important educative complement
as far as the following items are considered: a)
Vocational aspect, as it provides opportunities
to discover and develop new skills; b) Social
aspect, because of team working and its
interlink with community; c) Personal aspect, as
it lets the development of hobbies deeply
adapted to the development stage of the
participants.

We want to democratise knowledge, to
make it accessible to all population,
independently of their income level, and to
show that scientific knowledge can contribute to
social equality and integration. The importance

of science in society is of common knowledge
but we still fail in engaging students in the
consecution of a suitable scientific level. Then,
initiatives like NANOINVENTUM points towards
the fact that it is important to introduce such
disciplines at an earlier age. Nevertheless,
there is a lack of compelling contents in the
nowadays curriculum, especially in compulsory
education levels, that promote and boost the
taste for science, independently of gender and
social background.

7. Acknowledgements

We acknowledge Bioengineering
institute of Catalonia and PRECIPITA
(FECYT) for  their  support. We
acknowledge  researchers  M.J.Lopez,
A.Villasante and A.Lagunas for their
contribution in the project as
NANOEXPERTISES.

8. References

[11 Ministerio de Educaciéon Cultura y Deporte
(2013). PISA 2012. Programa para la
evaluacion internacional de los alumnos.
Informe espanol.

[2] European Commission. (2011b). Progress
towards the common European objectives.
Indicators and benchmarks 2010/2011
Commission staff working document.

[3] ¢COlmo podemos estimular una mente
cientifica?.Fundacion Bancaria ”"la Caixa”,
FECYT y everis. https://cutt.ly/pyXUSAU

[4] The OECD Programme for International
Student  Assessment (PISA) 2018.
https://cutt.ly/tyXUVI3

[5] https://cutt.ly/8yXU3im

[6] Gil Serra, A. F., & Roca-Piera, J. (2015).
Movilidad virtual, reto del aprendizaje de
la educacion superior en la Europa 2020.
Revista De Educacion a Distancia (RED),
(26).
https://revistas.um.es/red/article/view/2319
41

[7]1 https://www.10alamenos9.es
[8] https://cutt.ly/syXllqu
[9] https://bit.ly/35i4TuB

123



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature
© 2020HSci. ISBN 978-84-8158-841-5

[10] https://cutt.ly/ryXIjGc
[11] https://cutt.ly/tyXIm9z
[12] https://bit.ly/2Eez9ea

124



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

Box Ecofriendly — Interaction
between Melanin and LEDs

N Francisco, A Costa, E Neves
Colégio Cedros, Vila Nova de Gaia, Portugal
nunofrancisco@colegiocedros.pt

Abstract. Sustainability is spoken about these
days as having a great impact worldwide,
mainly due to climate change. In this way, this
research tries to recreate an idea of growing
aromatic herbs and plants in a more efficient
way, through light-emitting diodes and with a
totally renewable energy source, through
photosensitive organic molecules, such as
melanin. Light-emitting diodes have great
potential as a complementary lighting system to
the sun or as a unique light source for the
growth of aromatic herbs and plants. Their
small size, long and useful life and, finally, the
specificity of the wavelength make this light
source ideal for use in lighting projects. Seven
different colours as well as a control group
were used for the research in order to
investigate which colours are the best and how
they influence the plants.

As the energy required to power the light-
emitting diodes is relatively low, we thought of
feeding the diodes with energy from a battery
whose electrolyte would be melanin. Such a
battery would have copper and zinc as
electrodes. When acting as an electrolyte, the
melanin would be responsible for the transport
of electric current between the electrodes.
Being a chemically very stable molecule, the
melanin does not degrade, so it is possible to
continue this cycle for an undetermined period
of time. Such energy supplied by melanin
would be used to sustain energetically the
consumption required by the different light-
emitting diodes, thus doing justice to the name
of the project, ecofriendly box.

As more sustainable ideas were brain
stormed during the research, it was decided to
investigate natural fertilizers, and in the end it
was coffee grounds and melanin diluted in
water that were the two natural fertilizers
chosen for the test.

Keywords. Coffee, Fertilizer, Growth, LEDs,
Melanin, Plants, Sustainable Development.

1. Introduction

Melanin is a bio macromolecule with
particularly interesting characteristics for our
project. To create an environmentally friendly
power supply that could bear the energy costs
of a future prototype. The result of months of
intense research, lead us to the idea of a
possible generator that we would refine over
time. Melanin therefore plays a central role in
this.

Among the most varied physical and
chemical characteristics of the aforementioned
molecule, the one that sparked more interest
was undoubtedly the conduction of electric
energy in the presence of water [1]. Taking into
account this physical and chemical property we
have created an aqueous solution of melanin
that occupies the position of electrolyte in a
certain container where there are two other
electrodes, one composed of copper and the
other of zinc. Besides the fascinating property
of conducting electric energy in the presence of
water, melanin, a molecule so common in our
body, presents a high durability that potentiates
the creation of an electrolyte that can last for
years, composed of sustainable materials and
molecules such as water and melanin with
which we are so familiar.

The light-emitting diode, LED, is a
semiconductor diode that emits light by
electroluminescence. It is usually a light source
with a small area to which a lens is normally
added to increase the light emitted. Light-
emitting diodes have advantages over
traditional forms of plant lighting. Their small
size, durability, long life and the option to select
specific wavelengths to get a response from the
plant make LEDs the most suitable type of light
in plant growth. These advantages put us in a
revolutionary position in horticultural lighting.
But this is not the only aspect that
revolutionizes this study and plant growth [2].

Coffee is a substrate rich in organic matter
and many nutrients, therefore, ideal for
fertilizing the planting of various aromatic herbs
and plants. On the other hand, melanin is a
molecule that, besides being a good electric
conductor, has mineral substances in
abundance. Thus, this molecule can also be a
good fertilizer for the aromatic herbs and plants
of the study.
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1.1. The possibility of making the project
energy sustainable

Our research aimed to be ecologically
sustainable, thus resembling the project's goal
of creating a prototype in which all the actions
taken for the growth of plants were as efficient
as possible, never failing to take into account
the  environmental cost and  energy
independence.

Having a well-defined objective, we thought
about different options to get around the
problems that were appearing. Now, the first
observation was that we needed a power
supply. We therefore  thought about
photovoltaic plates, but the high environmental
cost induced in their production went against
the morale of the project. The melanin molecule
emerged then, among great prominence.

As we had already mentioned, this molecule
has characteristics that fill all the boxes in our
list of requirements. The fact that it is
biodegradable [3] adjusted to our concern for
environmental sustainability, on the other hand,
its incredible durability, combined with the
power of conduction of electricity in aqueous
solution, made us dream about an incredibly
durable electrolyte.

1.2. The power of LEDs in plant growth
system

As mentioned in [4], the first time that the
use of LEDs to grow plants was suggested was
at the University of Wisconsin, where the first
paper on the subject was developed [5], in
which they reported that the growth of lettuces
under red LEDs supplemented with blue
fluorescent lamps was equivalent to cold white
fluorescent lamps plus incandescent lamps. At
the time of the study, blue LEDs were not yet
widely available on the market, so they used
blue fluorescent lamps to replace them. Tests
carried out subsequently by this group showed
that the cotyledons of lettuce seedlings under
red LEDs (660 nm) became elongated, but this
effect would be avoided by adding 15mmol.m-
2.s-1 of blue light [6]. After this research,
studies on the growth of plants using LED lights
began to grow, comparing red LED light with
other types of lights, concluding that there are
small differences, a consequence of different
lighting sources. Performing a comparison of
the photosynthesis rates of strawberry leaves

with red (660 nm) or blue (450 nm) LEDs
showed higher quantum efficiency under the
red ones [7]. More recent studies on this
subject have shown that rice plants grown
under a combination of red (660 nm) and blue
(470 nm) LEDs kept the photosynthetic rates
higher than the leaves of plants grown only
under red LEDs [8]. The authors of this study
granted this event to a higher nitrogen content
in implemented blue light plants.

1.3. LEDs in agriculture

LEDs can play a variety of roles in vegetable
lighting. They are suitable for research
applications, for example in growth chambers,
as a result of their unique capabilities and low
radiant heat production [9]. LEDs are also used
for  production lighting in controlled
environments and supplementary lighting in
greenhouses, and these applications can
control spectral quality.

1.4. Coffee sludge as a natural fertilizer

In the course of the project, more ideas to
make the project sustainable emerged, and one
of them was to use coffee as a natural fertilizer
for the plants. Coffee is one of the most
important agricultural products in world trade,
being mostly produced in tropical climates and
consumed mainly in Europe and the United
States of America [10]. The coffee drink is
usually produced from the mixture of several
beans of different types of coffee, producing
coffees with identical characteristics, but
different flavors among them.

As mentioned in [11], coffee is one of the
raw materials produced in larger quantities, so
there are large quantities of coffee grounds that
become waste days after days. Nowadays, the
political pressure to reduce coffee grounds
waste has been increasing and has brought
new research and ideas for the reuse of this
residual asset. Thus, it has been concluded
that using coffee grounds as fertilizer in
agriculture can be very beneficial for plants,
since coffee grounds are rich in organic matter
and macronutrients and micronutrients [12].

2. Methods

The questions that this investigation seeks
to answer are the following:
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research
energy

e Is it possible to sustain
energetically  through  the
produced by organic molecules?

e What are the best light conditions for the
growth of the plants under study?

e How to create a sustainable environment
for the growth of aromatic herbs?

e Are coffee grounds and melanin good
natural fertilizers for plants?

2.1. The characteristics of LEDs

The operation of a LED is based on the
emission of light through a semiconductor
diode. This type of lamp is usually a light
source with a small area where a lens is
applied to project the emitted light. Thus, the
colour of the light emitted by the LED varies
according to the type of semiconductor material
used, so it could be infrared, visible or even
ultraviolet.

The combination of red, green and blue
LED's enables us to produce white colour light,
which is how white light was used in our
project. However, a white LED is now available.

Table 1. Characteristics of LED lights

Caracteristicas Lampadas LED’s
Rendimento luminoso 60 2 130 Im/W

Fluxo luminoso 202220 Im

Poténcia 1la5W

Classe de eficiéncia energética A

Indice de restituicdo cromatica 65290
Temperatura de cor 2700 K a4000K
Tempo de vida util 30000 a 100000 horas
Tempo de arranque de re-arranque instantineo

Aparelhos auxiliares ligagdo direta a rede

Over time this type of light was developed,
and a second type of LED was created, the so-
called OLED's (Organic Light Emitting Diode),
which consists of emitters with organic
compounds, carbon molecules, which emit light
when receiving the electric charge.

The simplicity of LED technology allows
great versatility. During the last years, it was
concluded that it is possible to commercialize
this technology with several types of
configurations, allowing it to compete with the
rest of the market. Not only for this reason we
chose LED light to develop our project, but also
because it has the best performance compared
to the rest of the market. In Table 1 some
characteristics of LED lights are presented.

2.2. LEDs and their efficiency compared
to the market

To choose the best type of lamp for the
project, we checked the characteristics of
various types of lights, in order to know which
was the most sustainable lamp, in other words,
the one with a better performance and a longer
life. In this way, Table 2 presents the
comparative data between various types of
lamps.

Table 2. Comparative data between various
types of lamps

. . o Rendimento luminoso —
Familia Tipo de lampada (/W) Vida til (horas)
Vapor de mercirio 30a60 10000 a 12000
Lampadas de descarga Vapor de sodio 66 a 130 12000 a 18000
de alta press3o Iodetos metalicos 60 a 96 3000 a 9000
Luz mista 20a30 3000 a 10000
e de d Klnotescents tobolar 582104 7500 2 12000
de Fi -
de baixa pressdo compacta 40470 8000
£ 252 100 a 200 12000 a 16000
Vapor de sodio
Léampadas de indugdo - 92 100000
Limpadas de Convencional 10a13 1000
i descé Halogé 16225 2000 a 4000
Lampadas LED 60a 130 50000 a 100000

Poupanga de energia versus consumo de energia

s
70-80%

2
. s
& & &

1: LAmpadas incandescentes tradicionais

2: LAmpadas incandescentes melhoradas (dass C da Classificacdo energética,
lampada de halogéneo enchida com gas xénon)

3: LAmpadas incandescentes melhoradas (class B da Classificacao energética,
lampada de halogéneo com revestimento infravermelho)

4: LAmpadas fluorescentes compactas (LFC)

5: Diodos emissores de luz (LED)

Figure 1. Energy savings versus energy
consumption

Following the analysis of Tables 1 and 2, we
were able to realize that LED lights are the
ones that present a good Iluminous
performance and a long useful life, benefiting
for the choice in this project.
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Still after this study, we continue the
research, to have the best conclusions to
present to future customers. In this way, energy
savings versus consumption were compared in
different types of lamps.

At the end of this study, we concluded that
LEDs presented the greatest advantage in our
work due to several aspects: higher
performance over any other lamp on the
market, no need for filters to emit a color and
they have a very high life span and have very
small dimensions.

2.3. The growth of parsley under the
influence of LED lights in a
sustainable environment

By combining the main objective of research
with the recently discovered technology of
melanin, we obtain a desired product from the
very beginning of research. As we know,
melanin is a molecule capable of conducting
electricity in the presence of water. Melanin,
being a molecule capable of causing hydrolysis
of the water molecule, has an enormous
potential in building future sustainable batteries.
In order to carry out the above study in a
sustainable way, we connected the circuit
created by us to several micro LED's that lit a
simple cardboard box with a parsley inside.
With the power provided by the battery we were
able to light some micro LED's, although right
now these are still not enough for the healthy
growth of the plant with the use of LED light
only.

2.4. The growth of parsley under the
influence of LED lights

As already mentioned in the introduction,
different LED colours have different powers,
being this one of the main factors for the
change in plant growth. To carry out this
experiment we used parsley as a support for
our study. First, we started by sowing parsley
seeds from the same lot on the same type of
soil to maintain scientific accuracy. Then, after
the aromatic herbs have grown under the same
conditions (greenhouse conditions, plenty of
sunlight and appropriate amount of water) we
divide the parsley into the eight compartments,
each one with its respective LED light (blue,
green, red, yellow, magenta, cyan, white,
control). The aromatic herbs were arranged
inside the box, in which they were subject to

different types of LED light, so that they all
received the same amount of sunlight, and the
LED light was the only independent variable
that was different in each sample, as they all
received the same amount of water, the same
amount of sunlight and finally the same
ventilation. Thus, the first part, the plantation,
was completed. Then, at the most laborious
stage of the research, we recorded the
dependent variable, the growth of the plant.
Over time, we took steps to make the research
as scientific as possible, in other words, we
used the same amount of water to all the
samples at equal and regulated intervals of
time. All these data were recorded in graphs for
further analysis of the yield of each of the LED
colours influencing plant growth. As the last
step of the research, and to better accept the
results obtained through the research, the
leaves of the parsley were to undergo bio-
resonance tests at the Abel Salazar Institute of
Biomedical Sciences, a partnership established
to help complete the study of plant variables.
However, due to adverse conditions for us, the
growth of the parslther hand, we also realised
that the weather condition at the time of the
study was not ideal and could be another
source of the study disaster.

In this way, we changed the plant and
started to plant lettuce but this time we also
changed the place of germination. A lot due to
the covid-19 pandemic that took us away from
the place where we were doing the study, we
had to adapt the study and once we already
had the prototype done, we used it and planted
at home the lettuce seeds in four pots, but
always with the same colour to all. So, this
study was to draw conclusions from what had
already been discovered before. However, as
we did not have any variables in study, we
deepened the subject and decided to plant the
lettuces under different soil conditions, that is,
adding natural fertilizers, in order to show one
more sustainable side in our project. This
subject of fertilizers will be addressed more
specifically in point 12 of the methods.

2.5. Introduction to the energy concept
for research

Energy is an essential commodity these
days. It drives sociability, economy, and
especially industrial development. In the case
of our research we decided to try to make it
100% sustainable. To do so, as described
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above, we use energy from a battery, which we
have designed and built.

2.6. Physical and chemical characteris-
tics of melanin as an electrolyte

As mentioned in the previous points,
melanin is a macromolecule present in our
body, more specifically, in our skin, eyes and
hair. The melanin that is present in our body,
which we all know by influencing the colour of
our skin, does not vary from person to person
just in quantity, this is because there are three
types of melanin present in nature, eumelanin,
pheomelanin and finally nuromelanin, which
only differ from each other by the colour they
cause. In short, in our body, the main role of
this substance is the photoprotection. However,
the presence of eumelanine (the type that
beings belonging to the animal kingdom
possess) in exposed and unexposed places of
our body to sunlight suggests that this familiar
biopigment can perform more functions than
simply photoprotection.

Over time, therefore, more and more
physical and chemical characteristics have
been discovered, allowing us to better know
this molecule, among them are the antioxidant
activity, the oxidation-reduction activity, its
biocompatibility, its affinity to the metallic bond,
the photo conduction [13] and finally, the
recently discovered hydro dependent
conductivity.

After long reflections and research on the
ability of melanin to become a good electrolyte,
we came to a conclusion regarding the
manufacturing process. Aware of the fact that
melanin is a photoconducting molecule we
immediately concluded that our energy source
would have to be exposed to sunlight, so our
image of a future prototype was beginning to
take shape piece by piece.

Our conclusion was corroborated when we
read that, as mentioned in [13], the oxidation
activity reduction of melanin, central to the
operation of the generator as will be explained
later, is nothing less than a response to
oxidation imposed by photochemical stress.
When we knew that the oxidizing and reducing
activity was essential for the operation of the
energy cycle that resulted in the electrical
conduction, we realized that the photochemical
stress would be the real engine of our

generator, and could even be compared with a
photovoltaic plate. Furthermore, during the
reduction oxidation process, in which the
molecule oscillates between one state and
another, since it is a reversible and natural
system [14], it was observed that in solutions of
oxidized melanin, the light absorption was up to
70%, thus improving the electric conduction
properties of the electrolyte (when oxidized
clear). In short, Figge [14] concluded that in
solutions of oxidized melanin the absorption of
light is up to three times greater than in the
reduced one, thus discovering an important
attribute in the electrical conductivity of this
photosensitive molecule. That is, the fact of
being exposed to the sun (photo chemical
stress), presents extreme importance for the
oxidation process (response to stress, caused
by sun exposure).

2.7. Technical specifications and

generator operation

As we had already revealed in the
introduction, the generator is composed of five
core parts, the sunlight, the melanin molecule,
the water and finally the two electrodes.

Our power supply was assembled by steps
with simple everyday objects that had no use at
home. We began by arranging a firm wooden
platform to serve as a reliable base. For the two
electrodes we used copper wire and galvanized
steel screw, the two poles were then applied to
several cells (each cell with one electrode of
each type), the cell consisted of a transparent
and translucent plastic container (the fact that
the cells were transparent corresponded to the
needs of the solution requiring sunlight). We
created with this method of assembly about 20
cells. For the connections between them we
used copper conductor wire, this way we
connected the cells two to two in series, having
now only 10 cells, each one with double the
potential difference they had initially. Later on,
we connected all the cells in parallel, thus
adding all the intensities formed. For the design
of the electrolyte we used sepia ink as a source
for the melanin molecule because it is more
affordable than synthetic melanin, of the
eumelanin type present mostly in the animal
kingdom. We started by creating a
concentrated solution of sepia ink. Later, after
minutes of mixing, we filled the cells with the
solution.
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The innovative operation of this system can
be explained by the ability of this bio-molecule
to dissociate the molecule from the water with
the help of sunlight, thus creating a significant
difference in the concentration of hydrogen and
oxygen in the electrolyte solution, since for
each molecule of dissociated water one atom of
oxygen and two of hydrogen are obtained, in
addition to which two electrons are also
released that play a central role in the contours
of energy production. Given the existence of
two poles, created by the two electrodes, the
electrons tend to move from the negative pole
to the positive pole, creating a directed
movement of electrons (electric current
phenomenon). By creating an electric current
we also create a potential difference, and the
intensity of this generator will be higher
depending on the number of loads that cross a
given section of the conductor in a given time
interval, so the more loads, that is, the more
electrons are in motion, and by logic, the more
molecules are dissociated, the more intensity
the generator will have [15-16].

2.8. Battery performance

As previously mentioned, when we created
a prototype of a generator we knew that its
operation was correct in theory, however in
practice nothing was proven, so we did not
know the intensity produced by the circuit,
whether the resistance of the conductor wires
was high or not, or whether the difference in
potential fitted the type of LEDs we wanted to
light.

In short, we discovered that our generator
produced 1.3 volts and 0.3 milliamps, and when
we measured the circuit with a multimeter, the
voltage remained constant, but the amperage
fluctuated a lot, which could have several
explanations, such as the variation of sunlight
incident in the circuit, or else the decrease in
the concentration of eumelanine in the solution
that was deposited at the bottom of the cell.

Due to the lack of amperage that we lacked,
we decided to change the final consumer of this
energy, so we started to recharge rechargeable
batteries, since the voltage of these same
batteries coincided with the voltage produced
by the circuit, something that determined the
correct charging of a battery. The recharged
batteries would later be incorporated into a
portable LED light system. In this way the

generator would no longer power the circuit to
become a continuous power source that was
now charging batteries.

The charging time of a battery is the quotient
between its capacity (mAh) and the capacity of
the charger, which means when trying to
charge a 200 mAh battery it would take 666
hours (28 days) to complete its charge.

The high charging time of a single battery
made us go back and rethink the purpose of
the energy produced. So we decided to use
micro LED's, since they had the same
consumption as the one produced by the
generator.

2.9. Problems raised by the electrolyte

One of the most amazing characteristics of
the melanin molecule is its longevity, that is, it
has great chemical stability, often lasting
thousands of years. A proof of this is the fact
that melanin was found in remains of fossilized
sepia ink. Therefore, one might think that the
electrolyte would never stop conducting energy
because it would never deteriorate. However,
the low solubility of this molecule causes the
solution to lose concentration over time, thus
reducing the useful power of the circuit.

Over time, a sepia ink deposition is formed
in the soil of the cells by the effect of gravity,
which ends up proving to be our greatest
enemy. It should be remembered that the
decrease of melanin in this solution means that
this molecule cannot perform its dual function,
that of decoupling and conduction of electrons
from pole to pole.

2.10. The choice of electrodes

For the choice of the electrodes we took into
account several criteria, among them, its
location in the electrochemical series and its
market cost. As for the location in the
electrochemical series we knew, by theory, that
we would have to choose a strong reducing
agent and a strong oxidizing agent. The
reducing agent, in this case the anode in
relation to the electrodes is responsible for
causing the reduction of the electrolyte,
oxidizing itself. On the other hand, the oxidizing
agent, also known as cathode, is responsible
for causing the electrolyte to oxidize, reducing
itself and thus transporting the electrons to the
rest of the circuit.
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However, the functioning of this device is not
the most common, because in a normal battery
there are two separate electrodes, each with its
own electrolyte, connected by a salt bridge, in
this case there is neither a salt bridge nor two
electrolytes.

The operation of this battery, composed of
an electrolyte resulting from the mixture of
melanin and water, is different from the
operation of a conventional battery such as
Daniell’s. First of all, in the electrolyte solution
there are several substances that we do not
know about, such as metallic ions and others
that we know about, such as biomolecules.
Thus, we are only sure that there is oxidation of
the anode and reduction of the electrolyte, and
later, oxidation of the electrolyte and reduction
of the cathode. Thus, ions would have to be
formed from the metal chosen for the anode,
creating an ionic imbalance that would be
counterbalanced by the movement of ions
present in the electrolyte (whose exact
chemical composition we do not know) in that
direction. On the other hand, biomolecules
such as melanin and its variants would have
the role of conducting the electric current
formed.

We also knew that the intensity of the
electric current formed is explained by the
difference in potential existing between the two
electrodes chosen. Thus, we chose zinc and
copper as electrodes, with zinc being the anode
and copper the cathode. We chose these
metals because of their abundance, their
relatively cheap price compared to the
efficiency they offered us and, finally, because
we tried to resemble the work done by John
Frederic Daniell at the time of his invention, the
Daniell's pile, in this way we started to use the
same electrodes and we tried to follow their
success even if it was a completely different
operation, however there are similarities
between the pile in question and the one
produced by us, since in both occurs the
migration of ions from one direction to the other
to promote the chemical balance. We can also
mention that besides Daniell's pile, the one in
Volta also presents similarities with the
prototype created by us by having the same
electrodes.

2.11. Composition of coffee grounds

Coffee is the powder resulting from drying,
roasting and grinding the seeds of the coffee
tree. Over time, coffee has gained great impact
worldwide and, from many years to the present
day, it is the most widely consumed beverage
on a global level. Much due to its high levels of
caffeine present in the seeds of the coffee tree
that stimulate the human body, it is widely
consumed, especially in Europe and the United
States of America. But caffeine is not the only
substance for which this powder is made.
Coffee also contains other substances rich in
minerals, which helps to enhance its use on the
plantation. In Table 3 we can see the organic
and mineral composition of the coffee grounds,
a substance that results from the preparation of
the coffee drink.

Table 3. Organic and mineral composition of
coffee grounds [17]

Pardmetros Concentracio (%)
Matéria organica 90,46
Carbono/Nitrogénio (C/N) 2211
Nitrogénio 2,30
Fésforo 0,15
Potassio 0,35
Cailcio 0,08
Magnésio 0,13
Aluminio 0,03
Ferro 0,01

Fonte: Mussato et al., 2011

After analysing the data, we can conclude
that the high amount of organic matter helps in
the composting and formation of fertilizer,
which is mainly composed of carbon molecules.
On the other hand, the high number of nitrogen
in plants, compared to the other chemical
elements, also helps as a fertilizer, since it is
the fourth most needed element by plants, after
carbon, present in organic matter, and
hydrogen and oxygen, present in water.

2.12. The use of coffee residues and
melanin solution as material with
potential agricultural application

The coffee grounds are an ideal substrate
for planting in urban areas, since they are a
residue that is selectively separated at the
source and undergoes a "pre-pasteurization” in
the coffee drawing process. Thus, this project
tested the use of coffee grounds as fertilizer on
the plants.
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At the beginning of the test, four pots were
placed in a controlled place of temperature,
humidity and light, so that all the plants had the
same conditions. Of these three variables that |
indicated, only one varied, the light. This one
varied according to the studies we had already
done before and which we will explain later. For
the germination, the red light has been put,
then the blue light to do a growth of the stem
and, finally, the white light, since it is the
mixture of all colours, therefore doing a
generalized growth of the plants. All the pots
were planted with lettuce seeds belonging to
the same lot, but the substrate in each pot
varied. In a first pot, only soil existed, calling it a
control pot. Then the other pots all had more
than one substrate, one pot with only coffee
grounds and soil, another with soil and melanin
and a last one with soil, coffee grounds and
melanin.

2.13. Prototype and its development

The Box Ecofriendly project started in 2014
with other students, but with the same main
objective of finding the best light conditions for
the growth of herbs and plants. First of all, and
with another team one year older ahead of the
project, in 2014 an experiment called Light
Bean was developed, which consisted in the
study of the influence that the different colours
of light, reproduced by filtering sunlight with
cellophane filters, have on the growth of beans.
For this experiment, two domestic greenhouses
were used, divided in half. Of the four halves
created, three were covered with red, green
and blue cellophane paper. The remaining half
was not covered at all, the control group being
the only part of the greenhouses that absorbed
all the sunscreen. In carrying out this
experiment, we concluded that there are
colours of the solar spectrum where the plants
adapt better than to the solar spectrum in its
entirety.

After the conclusion of the first experiment
we decided to develop another one, but instead
of using solar filters, we used light provided by
various types of lamps. In this experiment,
artificial light only served as a complement to
sunlight and not as a substitute.

Later, the project gained other proportions
and another experiment was developed. With a
little help from partnerships, a cube was
developed divided into eight divisions, all with

the same properties and with a built-in
ventilation system to eliminate variables and
possible plant malformations due to lack of
ventilation. Finally, in each compartment a LED
ribbon with different colours was used,
distributing the primary and secondary colours
according to the RGB colour code (red, green
and blue, respectively) and also the white light,
leaving a compartment that served as a control
space, that is, there was no LED ribbon. More
concrete conclusions have already been drawn
from this experience. As the project was more
in-depth, the team that carried out the
experiment was able to conclude that different
colours have different functions throughout the
life of the plant. In this way, the team
corresponded the various stages of the plants
to the colours that make their development
more accelerated. As the last action of the
experiential development in the last school
year, the team established the following
similarities between the colours and the
different phases of growth: red - germination,
blue - growth of the stem, white - growth and
green - growth, but with successive death due
to the lack of chlorophyll, since the colour is the
same.

This school year, the current team joined the
project, changing its name to Box Ecofriendly
Project, since the idea arose to create a
prototype with a commercial purpose, a
prototype that would resemble a box and would
be as sustainable as possible. This way the
ideas came up and finally a final design
consisting of an acrylic box with holes to
provide air to the plants. At the top of the box,
besides being present the lid for watering,
would also be placed the multicolour 12 watts
LED strip. Once the design was done, it was
time to go into production. After some contacts
with companies, we got partnerships to help us
develop this idea. Finally, with the box
completed, we proceeded to the tests, with the
results present in point 3 of this article.

3. Results

To record the data collected on lettuces,
three graphs were created with the three
variables the plant covered. In this way, all the
graphs have four lines, each one corresponding
to each of the pots present in the study. Thus,
the three main variables, growth, number of
branches and leaf area of lettuces were
recorded.
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To compare the variation in voltage and
amperage over the days in the melanin circuit,
the following graph was used:

Amperage and voltage
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Figure 5. Relationship between potential
difference and electrical current over time

4. Discussion

After reading and studying the articles
referred to, we can conclude that the best light
conditions for plant growth vary according to
the stage of growth in which the plant is. The
various LED lights have several effects on plant
growth. Thus, we concluded that, at an early
stage, different types of LEDs would be
required from those used at a more advanced
stage. Thus, throughout the project, the
cultivation of parsley in different LED lights was
carried out in order to draw more accurate
conclusions about what type of LEDs should be
placed in each phase of growth in order to

C O m MNP WLW

obtain a higher yield from the growth of the
plants.

As mentioned in point 2.4, due to the major
climatic changes that were felt throughout the
development of the plant and a possible
suspicion of placing the plants under a high
level of stress when transplanting was carried
out, the experiment followed paths that were
not expected. In March, with the prototype
already carried out, however, affected by the
COVID-19 pandemic, we started the second
study, this one carried out at home and with the
lettuce plant. With four pots inside the walls of
the prototype, on March 27" the study had its
beginning. Since then, the results started to be
promising, since the germination took place just
3 days after planting and in the seed package it
said that it would take 6 days to germinate.
With the prototype with the proper light for
germination, red light, it took half the time
foreseen. As can be seen in graph 1, the plants
immediately after the day of germination started
to grow and therefore the light provided by the
LED's was changed from red to blue after five
days, since the blue light is the most suitable to
accelerate the growth of the stem. After 5 days
with the blue light, the stems were already high,
and all plants already had several branches,
except the control pot and the melanin variable
pot, which both ended up dying. Therefore, the
light was changed from blue to magenta. Once
the stem was already high, it was necessary to
strengthen it in order not to break and die.
Finally, after 17 days of study, and as it was still
developing at the time of the report, the light
was changed from magenta to white, which
was supposed, according to the previous
readings, to be the last colour necessary for the
growth of the plants. As can be seen in graph
2, it is possible to notice the high number of
branches that plants have been gaining over
time and will continue to have. Already in the
graph 3, although it is with little information (the
study is not yet finished), it can be seen that
there is also a growth in the leaf area of the
plant, this area is given by the product between
the length and the width of the biggest leaf of
the plant. In short, it was possible to draw the
conclusion that we were already expecting it to
happen, that is, the acceleration in the process
of growth of the plants with the use of LED
lights. On the other hand, we also drew
conclusions about the fertilizer to be used for
the lettuce plant. As you can see from the
graphs, the coffee grounds showed to be the

133



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

best fertilizer for the plants than the coffee
grounds along with the melanin solution, which
always remains a little lower in measurements.
Perhaps, and looking at the data, we can
conclude that the plant with the coffee grounds
and melanin is currently with a higher growth
rate than the pot with only coffee, which may
help us to draw different conclusions from
those drawn on the 18th of the investigation.
Even so, as we are at an early stage of
research, we will have to wait to obtain more
concrete results.

As for the energy factor of the project, it was
possible to create a sustainable environment
for the growth of herbs and plants from organic
molecules (water and melanin) and sunlight.
Based on the electrochemical characteristics of
the melanin molecule we created a model of a
voltage source that was recharged with
sunlight. While it worked with a battery it also
worked as a battery, since the electrolyte was
responsible for conducting electrons and also
for dissociating the water molecule. So, we can
say that yes, it is possible to create a
sustainable source of energy from organic
molecules. However, melanin has only proved
to be capable of producing part of the energy
needed for the prototype, however we can say
that in a few years it will be possible to have
batteries based on environmentally friendly
molecules.

The integration of biodegradable elements
such as these molecules into elements of the
future and the present such as computers,
cars, mobile phones or batteries that all have in
common sets a sustainable and
environmentally friendly pace or path. In fact,
there is already promising research on the use
of these same materials in devices as super
capacitors [13].

Finally, we conclude that it is possible to
accelerate the growth of plants with the use of
LED's and natural fertilizers. In short, this
electric current generator composed of melanin
allowed us to demonstrate a concept and, as
we predicted, to feed micro LEDs in order to
light some of our samples.
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Abstract. STEM activities require working as a
group. Developing the ability to collaborate
within the group is one of the features of the
STEM approach. With this feature in mind, the
aim of this study is to obtain the opinions of the
students for their collaboration as a group
through the STEM activity called Let's Make a
Telescope. It is an activity for 7th grade
students. The implementation of the activity
started by creating 5 groups of 4 in a class of
21. After the activity, each student in the groups
was interviewed in accordance with the open-
ended questions prepared by the researchers
for cooperation. The data obtained after the
interviews were analyzed by content analysis.
According to the results of the analysis, it was
concluded that the students used collaboration
skills such as solidarity within the group, being

open to ideas, forming team spirit, being
respectful, developing friendship relations,
creating common ideas, helping,

communicating.

Keywords. Collaboration, Lens, Refraction of
Light, STEM.

1. Introduction

With the change in what communities expect
from individuals in the 21% century, it is aimed
that the 21 century individual will be
individuals who think critically, creatively, have
strong communication skills and cooperate [1].
Cooperative learning is a course in which
students work in teams, interact face to face
and display a high level of positive dependence
[2]. It is for students to help each other learn in
small groups for a common purpose. In order
for a group work to be cooperative learning,
students in the group; both themselves and
others are expected to maximize their learning.
In other words; The feature that makes
collaborative learning of group work is that
students try to develop both themselves and
their friends to the fullest of their capacities [3].
One of the approaches aimed at cooperative
learning is STEM. STEM education is to
provide students with experiences to
collaborate to solve real life problems by

providing them with interdisciplinary thinking
skills, and to provide experiences that will
prepare the ground for developing solutions for
life [4]. In this study, Let's Make a Telescope
STEM activity was applied. Through this
activity, the opinions of the students about
cooperation were taken.

2. STEM activity, Let's Make a Telescope
2.1. Objectives

Science goal: Distinguishes the properties of
the lenses depending on the refraction of light.

Math goal: Calculates the circumference of
the circle.

Engineering goal: Using a systematic
process to determine how well they meet the
criteria and constraints of the problem, he
distinguishes his solutions positively and
negatively.

Technology goal: He distinguishes the most
suitable one from the technological tools for his
design.

2.2. Problem

People thought the world stood at the center
of the universe. Moreover, they thought that the
sun, the moon and all the stars roamed around
the earth in perfect circle orbits. Galileo
observed the sky. Like everyone else, he
thought that the Moon was like smooth polish.
But as a result of his observations, he noticed
that there were pits on the Moon. You will go
back about 400 years ago and become Galileo.
You will observe the Moon closely. You thought
you needed a telescope to achieve this. How
do you make the telescope you need using the
most convenient and economical materials?

State the question as clearly and precisely
as possible. Details are very important. The key
question that arises from the question is: How
can | make a telescope using the refraction
feature of the light?

2.3. The purpose of the activity

This design aims for students to refine the
light, adjust the angle of refraction and the focal
points of the lenses in order to obtain the image
clearly with a telescope design optimized to see
distant celestial objects.
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2.4. Information acquisition / Research

Students were asked to actively seek
information about the problem by the group.
Computer or textbooks can be used as a
research tool.

Students were directed to research through
the following questions.

1. What information do you need to solve
this problem?

2. How can you reach the best view of the
telescope you will design?

They actively searched for the most relevant
information about the question by the group.
They researched the history of Telescope and
the scientists in its development.

Figure 1. Uses of lenses

The researched ideas to create the most
suitable telescope can be as follows: The
lenses refract the light, and the mirrors reflect
the light. For this reason, | should use a lens to
break the light. | should be able to focus the
lenses to create the clearest image of the
telescope.

Refraction of light when changing from a
transparent medium with different densities to
transparent

another medium is called

refraction.

Figure 2. Refraction of light

The optical tools that we will observe the
refraction of light best are lenses. Lenses are
used in many optical instruments, from
microscopes to glasses, from cameras to

telescopes. Lenses are spherical tools with at
least one side generally made of glass or hard
plastic. Tools made of transparent materials
with the ability to magnify and reduce the
images of objects are called lenses. Lenses are
divided into 2 according to their characteristics.
These are thin-edged lenses and thick-edged
lenses. Thick-edged lenses make the image flat
and small. Thin-edged lenses enlarge the
images of the objects. The projector,
binoculars, flashlights and floodlight have thin-
edged lenses. Telescopes also allow us to
zoom in and see very far objects with the help
of thin-edged lenses in their structures. The
small lens is used as a magnifying glass to see
the image more clearly.

2.5. Design

While designing, the students in the group
thought about how to reach the solution by
putting their ideas into the drawing. For
example, what type of lens they will use to
magnify the image in the telescope, how to
bring two lenses back to back to clarify the
image, from which substance the main body
will be made. The group members proposed
different ideas about their problems as they
could produce. Each team member drew at
least one design idea. (The groups were given
design drawing paper).

2.6. Tools

2 cartons, 2 small lenses (focal length 1
inch, 25 mm), 1 large lens (focal length about 8
inches, 200 mm), silicone gun, scissors (Fig. 3).
The lens was used in the telescope, since the
light would have to be broken. Special attention
was paid to ensure that the telescope was
intact.

Figure 3. Tools
2.7. Product development

Cut one of the cardboards in the length of
the small lenses. At this stage, the diameter of
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the lenses was calculated first. Thus, the Look at the lens tip of your telescope.

mathematics goal was integrated (Fig. 4). 2. Focus on a distant object by moving the
inner cardboard in and out.

3. If you cannot see clearly, you will have
to cut the cartons a little or realign both
lenses.

4. Try looking at the moon in the evening
with your telescope. Look at other
objects in the night sky. Never look at
the sun with this telescope!

Figure 4. Circle circumference measurement.
(Math integration)

Place the lenses on both ends of the
cardboard. Wrap these lenses in a roll by
sticking them with silicone (Fig. 5). Cut the
second carton with a large lens diameter. Just
wrap the lens with silicone on one end and
wrap it in a roll. Put the small diameter
cardboard into the large diameter cardboard.
The large lens collects light and focuses it
inside the tube. The small lens magnifies the
image through the tube.

Figure 7. Prototypes of the groups

There are two issues to be addressed to
maximize the visibility and clarity of the
telescope. The first is to choose a thin-edged
lens, as the thin-edged lens has the ability to
collect parallel incoming light at the focal point
and magnify the image. The second is to adjust
the focus by sequencing the two lenses in a
suitable range repeatedly to ensure clarity.
Thin-edge lenses feature the ability to collect
parallel incoming light at the focal point and to
magnify the image.

Students should:

In order to optimize the clarity, the first tests
can be tried manually on an object without
using pipes. Groups can take notes by
2.8. Testing measuring the distance they see clearly. They

should then perform their trials by painting the

A test form is distributed to each group. The inner surface of the pipe in black color or by
students were directed in accordance with the  covering it with a black background cardboard.
instructions below:

Figure 6. Sticking the rolls together
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3. Findings
3.1. Student opinions

Table 1. Students' views on the collaborative
STEM activity

Question ‘ Opinions N
Let's do a telescope in the science class,
you did the STEM activity. In this way, what
are your feelings and thoughts about
lecturing based on collaboration within the
group?

Positive | started to deal with my
thoughts | friends that | hadn't agreed | 8
and with before.
feelings :
| was never bored, it was
17
fun.
My confidence has
. 12
increased.
We learned by helping. 14
We have communicated
. . 16
more with our friends.
We learned by discussing 11
as a group.
It made me gain social
. 6
skills.
We finished the tasks in a
) 9
short time.
We respected each other's 10
ideas.
We couldn't do the work on 6
time.
Some of my group friends
caused problems and did 5
) not participate in the
Negative | gy dies.
thoughts
and | couldn't get along with my 2
feelings group friends.
There was a lot of noise in 4
the classroom.
The failure of others also y
affected me.

After the event, interviews were made with
students about cooperation within the group.

The opinion of each student was noted by the
researchers. The answers of the students were
subjected to content analysis method and
themes were created from these answers. The
questions asked to the students and the
answers received are given in the table below.
When students give more than one answer to a
question, these answers are added to the
relevant themes.

4. Conclusion

We know that telescope making activities
take place in most classrooms. In this study,
this activity was not unique. The aim of this
study was to learn the positive and negative
thoughts and feelings of the study by the
students in collaboration, which is one of the
objectives of the STEM approach, through the
Let's Make Telescope STEM activity.

As positive aspects of collaborating in STEM
activity; They stated that the lesson was
enjoyable, they were not bored, they
communicated with the group members, their
trust in them increased, they learned by helping
and discussing, they respected each other's
ideas, they completed the task in a short time.
Few students stated the negative aspects of
working in collaboration with group members;
that the study does not end on time, some
group members do not participate in the study,
there is noise in the classroom, cannot agree
with the group members, and group failure is
affected by itself. According to the opinion of
most students, we can conclude that working in
cooperation with STEM activity has many
positive aspects.
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Abstract. This article presents a practical
example of the development of a STEAM
project, carried out with elementary school
students in Brazil. The goal was to promote
interdisciplinary project-based learning, where
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the teaching of programming. The interaction
between teacher and student happened
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1. Introduction

Since the middle of the last century,
humanity has been developing increasingly
complex systems such as the Internet, air traffic
control, and artificial intelligence, which are
reflections of a society that is undergoing rapid
development. The transformation of traditional
education into configurations that lead the
student to think about this new interconnected
world can benefit the students of this current
generation by helping them to integrate into this
socio-technical society in constant evolution [1].

According to Dewey [2], education is defined
as the set of responses to the processes of
reconstruction and reorganization of acquired
experiences, which will influence future
experiences. Any activity can be an experiment
and possibility in education since the favorable
conditions direct the students in his self-
learning practice.

Dewey's approach is complemented by
Seminério's studies [3], whose proposal of
Directed Elaboration is the pedagogical
intervention to improve the student's cognition
based on questions that help him to reach the

contents he needs. These questions occur
through reflections induced by the adult during
the dialogue, in an elaborated and discussed
transmission, and not with the repetition of
ready contents.

In line with the arguments above, the
present work reports an experience that
resulted in the process of construction of
multidisciplinary ideas and knowledge, where
students were protagonists of the self-learning.
Throughout this process, concepts such as
STEAM, Brainstorm, Computational Thinking,
and Project-Based Learning were developed.

This article has nine sections: the
introduction presented the tools used in this
work; Section 2 describes the technique of
Directed Elaboration as a means of teacher-
student interaction; Section 3 contains precepts
of the STEAM concept addressed in this
project; the development of the Recycled Paper
Machine Prototype, a project developed by the
students during this proposal, is detailed in
Section 4; Section 5 contains the teaching of
programming through the free software
DuinoBlocks4Kids. Section 6 presents the main
results of this non-traditional learning process,
followed by conclusions (Section 7),
acknowledgments (Section 8), and references
(Section 9).

2. Directed Elaboration

Directed Elaboration emerged as a
response to the analysis of certain phenomena,
observed by Seminério [3], approached by
other authors who also researched the
formation of human cognition. Among them,
Colinvaux [4] proposes that the structure of
knowledge supposes a mutual dependence
between the real and the rational: if, on the one
hand, there is pressure to understand reality,
as science explains, on the other, there are
intrinsic intelligence requirements of the
cognitive subject.

Also, Piaget [5], an author widely studied by
Seminério, suggested that Better Equilibrations
between two fundamental processes,
Assimilation and Accommodation, constitute
cognitive  development. The Assimilation
process is the absorption of an external
element, be it an object, situation, or any new
content, by a conceptual or sensorimotor
scheme existing in the subject. For the author,
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the interaction of the person with the
environment since birth, more complicated as it
matures, forms these schemes that make up
the construction of knowledge [6]. The
Accommodation process, on the other hand, is
the need to consider the peculiarities of the
newly assimilated new outer element, which
causes the transformation of an existing
scheme in the individual or the emergence of a
new scheme, modifying his previous
knowledge. According to Piaget [5], there is a
cognitive disequilibrium when an individual is
faced with a new experience. A disturbing state
awakens the feeling of denial or exploration to
understand the new knowledge in search of
cognitive re-equilibrium. In Piaget's Theory of
Cognitive  Development [5], the Better
Equilibration is when the recovery of cognitive
equilibrium refers to a new state of equilibrium,
different from the was before. In this case,
there was the Accommodation process, which
means that there was a change in prior
knowledge [7].

For Seminério, the Better Equilibrations,
cited by Piaget, promote the structuring of new
languages from the existing ones. These
languages mentioned by him do not refer to
speech or writing, but languages that are at a
level above these, which represent four
fundamental competencies of human cognition
found in the evidence of his research:

e (L1) Language 1 - It is the ability to
structure perception into organized figures,
as already identified in the Gestalt
principles (imitation, continuation, closure,
similarity, proximity, figure-ground,
symmetry, and pregnancy), whose
perception is understood as a totality and
not as the sum of isolated elements,
meaning that the whole has a much greater
significance than the sum of the parts.

e (L2) Language 2 - It is the ability to assign
meaning to the perceived shapes and not
only store them as geometric shapes. L1
and L2 are lower hierarchy languages that
include memorization learning, used in the
traditional school, whose content is only
retained, without cognitive leaps.

e (L3) Language 3 - It is the ability to assign
successive meanings to facts, forming
episodes or phrases, which make up the
foundation of the capacity for imagination.

e (L4) Language 4 - It is the voluntary,
reflective, and conscious control over

everything that is perceived or thought. L3
and L4 are specifically human languages
and form the basis for the construction of
logical reasoning.

The purpose of applying Directed
Elaboration is to reach L3 and L4, where
teacher-student interaction cannot happen as a
monologue in possession of the teacher, but
with dialogue focused on what the adult can
offer using questions that take turns with the
answers obtained until they make sense to the
student.

According to the technical procedures
suggested by Seminério [3], during the
application of the Directed Elaboration, the
teacher starts the section by asking the
students to answer a submitted question or to
solve a proposed problem. The teacher, then,
must verify that the students acted and
interpreted the question/problem correctly and,
based on their answers, proceed according to
the alternatives presented in Figure 1.

Student Actions Alternatives

The complexity of
the proposal can
progressively
increase

- YES wm)
>

ACTS

- YES
~

The teacher requests
the student for a more
basic criterion about
the proposal and
provokes its discovery
heuristically

INTERPRETS

NOT wmp

ACTS \ The teacher starts the

problem’s solution
NOT mm)  asking the student to
reflect and assists him
in the interpretation until
he verbalizes his logic

INTERPRETS

Figure 1. Application of Directed Elaboration [3]
3. STEAM Education

The term STEAM is an acronym formed with
the initials of the words Science, Technology,
Engineering, Arts, and Mathematics and means
the interdisciplinary work of knowledge in these
areas.

According to Boy [1], the discipline Arts was
encompassed by the STEM concept of the
exact areas (Science, Technology,
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Engineering, and Mathematics) because the
current freely connected society requires the
development of creativity to bring back the
education that prepared humans for societal
life. Due to consumerism provoked by the
media, society has turned into spectators rather
than contributors, and 21% century education
needs to rescue people's ability to deal with
unprecedented situations to know what to do in
each case, and understand how to
communicate the correct information to the
correct people at the right moments [1]. This
type of intellectual capacity can be developed
with proposals worked in groups, in an
interdisciplinary way, formulated on Project-
Based Learning, whose approach focuses on
the engagement of students in a cooperative
and sustained investigation [9].

4. The Recycled Paper Machine Project

The project started when the theme of the
Science Fair was presented to the class. About
ten students were present at the Robotics
Workshop, which takes place as an elective
course from a Municipal School in the Interior
of Rio de Janeiro, which attend students from
the 6th to the 9th grade of Elementary School.
At the time, the topic of bioeconomics was
worked on through Directed Elaboration, whose
questions raised were of the type: what is Bio?
What is Economics? Thus, the dialogue
extended until everyone had verbalized the
understanding that the topic is the economy of
natural resources.

After understanding the theme, were
questioned types of natural resources needed
to economize, and responses such as
electricity, water, and petroleum were cited until
class reached a consensus: save paper, which
consequently saves the trees (due to needed
cellulose) and consequently saves water for
their manufacture.

It is essential to highlight that any of the
natural resources that the class had chosen
would become the object of study for the
project because when the student acts as the
protagonist of his learning, the content makes
total sense to him, as defended by
professionals who work with constructivist

education. According to Becker [10],
Constructivism is a theory capable of
conceiving knowledge as something

constructed by each one from their interaction

with the environment. Constructivism’s theory
explains the fact that students chose recycled
paper as a solution for the Bioeconomy theme
because to use and to discard paper is part of
the school universe.

4.1. Inserting Robotics in the Project

As it is a class of regular students at the
Robotics Workshop, they were challenged to
insert robotics into the suggested idea of paper
recycling. Given the unanimity that this
insertion should happen with the creation of a
robot or machine that recycles paper, the first
step was to make resources available for
students to learn, in practice, the entire process
of paper recycling.

On the agreed day for the first attempt to
recycle paper, some students had already
watched videos that taught recycling

techniques and took the shredded paper,
already softened in water, even without being
asked, which demonstrates the engagement
obtained by constructivist choice. The first
result was a thick mass that did not look like
paper, and for this reason, new research was
carried out on the process.

Figure 2. Practical Paper Recycling Process

Three other attempts were made, where
students adjusted the steps of the process
according to their new research (Figure 2). A
thin and homogeneous paper was obtained and
tested with several actions such as writing in
pencil; erase with rubber; printing on an inkjet
printer; fold to make envelopes and packages,
as shown in Figure 3.

After understanding all the stages of the
paper recycling process, students were invited
to participate in a Brainstorm to idealize the
robot or machine suggested by them. The
Brainstorm consists of a meeting to explore
ideas, where the group tries to find a solution to
a given problem based on the various ideas
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presented [11]. On occasion, the students sat
around a large table equipped with pencils,
pens, adhesive tapes, scissors, and cardboard
boxes. The moment was treated, by the
participants, with surprise and fun due to its
basic rules of applicability not so prevalent in
the traditional classroom: criticism ban,
encouragement of "out of the box" ideas, and
combining and improving them.

HEL
CCLAPO

Figure 3. Fourth Attempt Result

Brainstorm started with several sketches
and ended with the creation of the cardboard
prototype shown in Figure 4.

Directed Elaboration was used so that
students did not forget to add all the stages of
the recycling process already learned in the
machine's idealization. It was also necessary to
signal the devices needed for the autonomous
operation of the project. The questions
designed for students to achieve these answers
were: what should be the first action of the
machine? How will it be triggered? What is
necessary to make this movement happen
automatically? Is cardboard a material resistant
enough for the final presentation of the project?

All these questions elaborated and directed,
as the activities unfold, help the student to

arrive at the answers for himself. Also, through
the manipulation of resources and the attempts
and changes that occur in the collective
dynamics, students achieve their goals

autonomously and in their own time, favoring
social skills, reflective attitude, and scientific
literacy [12].

Figure 4. Initial Cardboard Prototype
4.2. Assembly of the Physical Part

With the cardboard prototype in hand and
the conviction that the cardboard was not
resistant enough to support the installation of
the electronic devices, the students received
the option to cut the machine's pieces in MDF
using a CNC laser cutter. For that, the students
involved got to know the Free Software
Inkscape and started its handling stimulated by
Directed Elaboration. Inkscape is a simple
graphical interface software (Figure 5), where
the basic commands have clear and objective
icons, which makes it possible to raise
questions such as: to draw this particular part
of the machine, what geometric shape can be
used? Which of these software icons allows
you to create this geometric shape? If the
desired option is not found in the software, is
there an answer on Internet search engines?

The next step was to handle the laser cutter
and, with this experience, they learned:

¢ The difference between a vector image
and bitmap image;

e How to import the drawing files into the
laser cutter software;

e The possible file extensions for this
work;

e How to make a cutting plan to save
MDF;
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e How to change the laser speed and
strength settings to cut or engrave parts;

e How to calibrate the laser’s pen height to
adjust the focus and the importance of
this adjustment.
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Figure 5. Inkscape Software Interface

Also, the students used the ruler to check
the proportions of the prototype parts to draw
them on the computer, and the centimeter was
the unit of measurement chosen because it
was more familiar to them. When handling the
Inkscape software, students had to work with
converting measurements from centimeters to
millimeters. At that time, they did not master
this task well, but they learned quickly and
naturally because learning to make this
conversion was not the ultimate goal, but the
means to achieve it.

After assembling the final prototype with the
pieces cut in MDF, the assembly of the
electronic devices began. At that moment, the
students experimented with the work of DC
motors and LEDs connected to the batteries, so
that they understood the connection and
operation of direct current.

To control and automate the project devices,
the Arduino prototyping board was chosen
because it has Free Software and Hardware.
Its schemes for the development of electronic
components are freely available for anyone to
reproduce them, popularizing and reducing
their cost. A crucial aspect of the development
of applications that use Free Software and Free
Hardware, as opposed to the use of proprietary
solutions, is the democratization of access to
technology [13].

With the choice of devices, the stage of
learning programming began so that the
Prototype of Recycled Paper Machine could

become something robotic, according to the
challenge presented to students at the
beginning of this project.

The DuinoBlokcks4Kids (DB4K) visual
programming environment (free software) was
chosen to teach programming language using
the Directed Elaboration technique due to its
didactic and intuitive interface. In this way, the
development of Computational Thinking [14]
gains more importance than the memorization
of commands, reserved words, and symbols of
programming languages.

5. Teaching Programming with Duino
Blocks 4 Kids (DB4K)

DB4K [15] is a kit for learning programming
through educational robotics aimed at children
from elementary school onwards, based
entirely on free technology and recyclable or
low-cost materials. The Kit consists of a
programming environment for Arduino boards
based on plug-in blocks, a set of robotics
materials, and a series of teaching activities.

Some of the features that differentiate DB4K
from other visual programming environments
for Arduino are:

e Interface designed and developed for
use since the early years of Elementary
School;

e Programming blocks with  simple
semantics, directly related to the devices
that these blocks control, for example, to
turn on an LED, there is the “Turn on
LED” block;

e Simplification of the parameters used in
the blocks, for example, in the “Rotate
DC Motor” block, instead of the child
having to enter a numerical value to
determine the motor rotation speed, he
only needs to choose one of the three
common possibilities in your universe of
knowledge: slow, medium speed or fast;

¢ Use of iconic language, which facilitates
the identification of blocks and makes
them more attractive, as shown in Figure
6.

Along with the DB4K Software programming
environment, some robotic devices were
developed with reusable materials such as
plastic pots and PET bottles, however other
devices can be created and produced by
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teachers and students according to their needs.

Nome_do_Programas

#: Acender o LED

Girar Motor DC B 7T

~7 v o Répido
@ Velocidade Média

o Devagar

Figure 6. Programming Blocks DB4K software

One of the examples presents in the DB4K
Kit is the Magic Box: small plastic box that
contains  devices commonly used in
introductory robotics classes with Arduino. The
Magic Box allows students to develop more
elaborate programs to control circuits that
would, at first, be difficult for them to build.
Through the Magic Box, students learn about
the devices and learn to control the actuators
and sensors. The contextualization of the use
of these actuators and sensors is done through
PET bottle robots, which are presented to
children as characters in stories, and they need
to program the robots to assume the behaviors
described during the narratives.

With the DB4K Kit, it is possible to work with

children, among others, the following
Computational Thinking skills:

e Abstraction capacity;

¢ Understanding of control flows;

o Use of conditional logic;

o Decomposition of problems;

e Debugging and systematic error

detection.
This last skill is especially interesting

because it allows children to assume greater
autonomy during their programming learning
process.

According to Papert [17], programming
languages should have a low floor (easy to
start) and a high ceiling (opportunities to create
projects with increasing complexity over time).
In this sense, the visual block-programming
environment of the DB4K Kit performs the
function of the low floor within the Arduino

board programming learning.

In the first contact of students with the DB4K
Software, they were asked to set up a program
that would make an LED flash, first quickly and
then more slowly. Questions were raised, such
as: which of these blocks serves to light the
LED? Once lit, what is the next block to be
added to the schedule so that the LED flashes?
Does the computer perform tasks at the same
speed as people? Which block can be used to
repeat this action?

Thus, facilitated by the friendly interface that
DB4K offers, students experiment, check the
results and change the program, through
reflection motivated by Directed Elaboration,
until the goal is reached. In this way, students
develop Computational Thinking from their
reasoning and transcend L1 and L2, which are
cognitive languages that include learning by
memorization, which can be lost. When they
reach L3 and L4, where the processes of
creativity and logical reasoning are anchored,
according to the studies of Seminério [3],
students achieve significant learning with
permanent transformations. This means that
even if an individual forgets to solve a problem
or how to deal with specific tools, examples of
information stored in memory, he will still know
the logic of how to solve it, just by reviewing the
forgotten tools.

After carrying out several programming
challenges, worked with the same elaborate
and directed approach, the students were
already able to program the activation of all the
resources available in the DB4K, such as the
lighting of LEDs, the activation of displays,
buzzers, DC motors, servo motors, use of the
ultrasonic sensor, temperature sensor and
luminosity sensor.

At this point in the execution of the entire
project, about eight weeks after its beginning,
the students had Computational Thinking
developed enough to assemble the linear
program necessary to operationalize the
prototype. According to Papert [15], when the
student uses the computer as a tool for building
his knowledge, consciously and of his interest,
what he called Constructionism, learning
happens more effectively.

One of the most important tools that DB4K
offers for this moment of work is the
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presentation of the Arduino code corresponding
to the programming that students develop with
the graphic interface blocks (Figure 7).

[ ueowctun ]
Figure 7. DB4K Software Interface

This translation from the graphic language to
the linear programming that DB4K offers
promotes a smooth transition in the
programming learning of these students
because they absorb the commands of the
linear programming language without the
obligation to memorize them, at the same time
that they feel motivated by see their
experiences working. Directed Elaboration
contributes to this transition when students are
asked to make modifications to their programs,
for example, changing the speed at which an
LED flashes at the same time that they see
both programs on the screen (graphical and
linear). At the time of Directed Elaboration, the
teacher can do questions such as: when a
DB4K block is changed, what changed in the
Arduino code can happen? If a certain DB4K's
block is removed, which command in the
Arduino code will disappear? If a DB4K’s block
is added, which command will appear in the
Arduino code?

It was possible to observe that students
went through this transition naturally because in
the first challenges proposed, they felt the need
to change the programming blocks in DB4K
software, to copy later the code translated into
the Arduino language. However, as these
actions became trivial, the students themselves
wanted to "save work" and changed what they
needed directly in the Arduino code. In a short
time, they already knew how to activate the
simple devices directly in the Arduino code and
managed to make the entire prototype work
autonomously.

6. Results

As a first result, the Prototype of the
Recycled Paper Machine, designed by the
students, had its automation completed by
them. The prototype represents a machine that
must be previously supplied with raw material,
shredded paper and water, to perform
automatic recycling, consisting of six steps:

1. The prototype is activated via a button
that triggers the 9-second timer, counting
down, shown on a 7-segment display. It
serves to simulate the time needed for
the paper to soak, to soften the fibers,
before being beaten.

2. When the countdown on display ends,
the first DC motor is activated for a few
seconds simulating the operation of the
blender propeller, representing the paper
shredding.

3. After the first DC motor is turned off, a
servomotor is activated to tilt the
blender, demonstrating that the crushed
dough must be poured over a thin fabric
and stretched in a frame, which is inside
a container with water.

4. A vibration motor is activated to simulate
the dilution of the crushed mass in the
water in the container.

5. After the vibration motor is turned off, the
second DC motor is activated to
suspend the screen, using the cables
that connect them.

6. Finally, when the screen is already
suspended to drain excess water, a fan
is activated to accelerate the drying
process.

First, the work was presented at the School
Science Fair [18], where it was used as a
research tool. Students tested the level of
knowledge of the paper recycling process
among members of the school community.
Thus, as a second result, students were
initiated into scientific thinking and understood
aspects of the quantitative research method.
They elaborated a questionnaire that asked,
initially, if the participants knew how to recycle
paper and asked them to explain the process if
the answer was affirmative.

The questionnaire contained all the detailed
steps that students took to recycle the paper
successfully and marked the steps mentioned,
as the participants explained. Then, the
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students activated the prototype and
demonstrated the entire recycling process
learned by them and, in the end, asked the
participants to explain, again, what they had
understood. The responses of the participants
obtained after the presentation were also
annotated in the second stage of the
guestionnaire.

FAVEL
REcicLA

Figure 8. Prototype of Recycled Paper Machine

Of the 21 interviewees during the exhibition
at the Science Fair, among students, teachers,
and employees, 16 participants did not know
how to recycle paper, and the others cited less
than 50% of the process. After the presentation
of the prototype, 75% of the participants
verbalized more than 50% of the recycling
process.

This research served for the students to
have contact, for the first time, with scientific
thought. It was an experience where the
participating students had the chance to
experience aspects of scientific research,
whose steps started in recognition of a
problem, in this case, the waste of paper. Then
they went on to ask the question: do people
know how to recycle paper? He went on to
formulate a hypothesis, where they estimated
that people would learn by observing the
working prototype and analyzed the data
obtained in the questionnaires. They concluded
that the prototype’s presentation was useful
because all interviewees mentioned some of
the stages of the recycling process. Even those
who did not know how to recycle paper before
the prototype’s presentation knew the process
more clearly.

The project and the results of the research
carried out by the students were subsequently
presented at the Municipal Fair of the

Education Secretariat of Macaé, in partnership
with the Federal University of Rio de Janeiro
(UFRJ).

7. Conclusions

The present work is the report of an
educational process carried out with non-
traditional teaching methods, where the
technique of Directed Elaboration was used in
all stages of the construction of a proposal
idealized by the students. The proposed
alternative to paper waste came after the
dialogue on the bioeconomy theme in work
carried out in a constructivist and
constructionist manner.

It was found that DB4K is a great tool to
teach programming to elementary school
students because it has a simple and intuitive
graphic interface. This facility keeps the focus
of learning on the development of
Computational Thinking and in an elaborate
and directed interaction between teacher-
students. In this way, the schoolchildren can
achieve the answers using his knowledge in a
meaningful and lasting way.

It was understood that the approaches used
in this project for teaching programming,
worked in an interdisciplinary way, promoted
access to technology and effectively introduced
the school contents not previously absorbed by
the students. The result was positive because
the learning of these contents was not their
final objective, but the necessary means for
them to put their ideas into practice. During the
project, the students' growing motivation to
make the prototype work was found. For this,
they developed ideas, studied programming,
and understood the school content, as the
origin of the paper, the paper recycling process,
the electric current, and the conversion of
measures. These simple tasks that they did not
master were quickly learned due to the need to
project the entire functioning of their ideas.

Therefore, it was possible to observe that
learning the contents worked from a process of
significant construction for the student, kept
them more interested and engaged than in the
traditional method of memorizing content for
evaluation. In practice, this conclusion means
that students have learned to seek answers
and solutions to solve the challenges proposed
by the School and, consequently, have
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prepared themselves to deal with the
challenges that will arise throughout their lives.
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Abstract. Natura 2000 is the European
Union’s key strategy to address the current
sharp decline of biodiversity. However,
according to a recent survey, most Europeans
never heard about it. The present study
intended to further explore the perceptions of
residents in Portugal about this network of
protected areas through the nationwide
implementation of a survey. Results showed
that even respondents who knew what Natura
2000 is were not well-informed about it, which
is worrisome as public participation is
considered a key factor for successful nature
conservation initiatives.

Keywords. Wildlife, Europe, Ecological
Behaviour, Pro-Environment Behaviour.

1. Introduction

Despite its intrinsic value and its importance
for human well-being, biodiversity is being lost
at alarming rates worldwide [1-2]. To address
this pressing issue, the European Union
launched Natura 2000 — a coordinated network
of protected areas. This network has a huge
coverage, comprising more than 18% of the
land of the European Union plus 6% of its sea
area [3-4]. Its goal is to ensure long-term
protection of the most valuable and threatened
species and habitats. This requires taking
action to protect, maintain or restore those
species and habitats to a favourable
conservation status [4-5]. Natura 2000 plans to
fulfil its conservation mission through an
inclusive and sustainable = management
approach. Hence, cooperation with all
stakeholders is highly desirable. Also, this
implies that socio-economic activities
compatible with site preservation are
encouraged [4].

Despite Natura 2000 intentions to engage
stakeholders, according to a survey carried out
by the European Commission in 2018, most

Europeans are still not aware of the existence
of this network (70%, N = 27 643). The same
study also reported that only 11% of
respondents claimed to know what Natura 2000
is [6]. This suggests that this important network
is still unknown to the maijority of European
Union’s population, which is a very worrisome
finding as public participation plays a critical
role in the achievement of biological
conservation goals [2,7-10]. For instance,
addressing the current drivers of biodiversity
loss requires changes in citizens’ behaviour [2].
Plus, people can pressure the government to
take action, can get involved in policy
discussions and can also facilitate local
conservation initiatives [2,7-10].

In Portugal, Natura 2000 is composed by
166 protected areas, covering almost 21% of
the land area of the country [10]. Despite
devoting such a large area to Nature
conservation [10], Portugal has failed to comply
with some mandatory requirements regarding
designation and management of the sites
forming this network [11]. Due to this non-
compliance, the European Commission
referred Portugal to the Court of Justice of the
European Union in January 2018 [11]. Besides,
Portugal is also struggling with Natura 2000
monitoring demands. In fact, the country
submitted the most incomplete Habitats
Directive monitoring report among all Member
States for the period 2007-2012. In this report,
about 35% of the mandatory data was absent
or referred to as unknown [12]. Although
Portugal has found it rather difficult to fulfil all
its network obligations [11-12], its residents
seemed to be more aware of Natura 2000 than
the average European. In the prementioned
survey carried out by the European
Commission, 35% of respondents from
Portugal claimed they had heard of Natura
2000 before, which stands 5% higher than the
average [6].

Given this rationale, the present study
intended to  further understand how
knowledgeable the Portuguese population is
about Natura 2000, including which sites are
most well-known and which species are
thought to inhabit them.

2. Methods

A questionnaire on Natura 2000 was
adapted from the literature [6,13-18]. This
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questionnaire was divided in two parts: the first
focused on unravelling if participants knew
what Natura 2000 is, and on with which
frequency they engaged in ecological
behaviours (e.g. recycling) using a 5-point
Likert scale; the second one was composed by
multiple open- and close-ended questions
aimed at assessing the knowledge of
respondents about this network.

Only inquired people that claimed to know
what Natura 2000 is fulfilled the second part of

the questionnaire. During 2019, this
questionnaire was broadly disseminated
through the internet (e.g. published in

Facebook groups, shared by a citizen science
platform) and was also implemented in-person
during a few science communication activities
somewhat related to Natura 2000. In these
events, the questionnaire was applied both
before and after activities. All collected data
were codified and submitted to a quantitative
analysis on Microsoft Office Excel (2002
version) and IBM SPSS Statistics (version 26),
consisting on the calculation of percentages,
arithmetical averages, standard deviations, and
Spearman’s correlations.

3. Results and Discussion

Overall, 232 individuals participated in this
study: 60 (26%) fulfiled the questionnaires
remotely, while 172 (74%) did it at presential
events.

3.1. Socio-demographic data

As showed in Fig. 1, most respondents were
females ageing within 12-29 (67%, n = 155).
Regarding the geographical location of
residence, Porto was the best represented
district (52%, n = 121), followed by Aveiro
(16%, n = 38), Braga (9%, n = 20), and
Braganca (9%, n = 20), all from the centre and
north of Portugal.

Almost half of the participants were still
attending middle school (48%, n = 111); but, a
great number of questionnaires were also
fulfilled by people who held a university degree
(29%, n = 68) or a high school diploma (22%, n
= 50). About 30% of participants (n = 70) had
jobs or where pursuing studies related to
biology and/or Nature conservation.
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Figure 1. Age and gender distribution of
respondents

3.2. Awareness about Natura 2000

As expected based on previous literature
reports [6,17-18], most respondents had never
heard of Natura 2000 (54%, n = 126). However,
20% (n = 47) had heard of the term beforehand
and claimed to know what Natura 2000 is. This
percentage is slightly higher than the one
obtained for Portugal in the survey carried out
by the European Commission (20% > 15%) [6].
This difference in percentages is likely due to a
lower representativeness level of the sample,
which is supported by the fact that 81% of
respondents (n = 38) contributing to the “20%
result” studied or worked in fields related to
biology and/or Nature conservation. Besides, a
high proportion of respondents, who knew what
Natura 2000 is, held a university degree (74%,
n = 35); in a similar study carried out in Poland,
this population segment was shown to be more
aware of the network than people who did not
attend higher education [17]. Nonetheless, as
the goal of the present research was to further
explore the perceptions of respondents, this
higher percentage of participants aware of
Natura 2000 is welcome.

3.3. Knowledge about Natura 2000 sites

The 47 respondents that claimed to know
what Natura 2000 is were asked to name
between one and ten Portuguese Natura 2000
sites. Overall, 39 distinct protected areas were
named, which represented 23% of all network
sites located in Portugal [10]. On average each
participant correctly named 2.8 + 2.2 sites; but
this was highly variable, e.g., six participants
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named none and

Peneda/Gerés

Serra  da Estrela
Montesinho/Nogueira

one

mentioned
(PTCONO0O014) was the site
mentioned by a higher number of participants;
(PTCONO0014)
(PTCONO0002)

second and third, respectively (Table 1).

Table 1. Portuguese Natura 2000 sites named by

10.

and
came

respondents, their respective site code and

number of participants mentioning each one

(N =47)

Natura 2000 sites Site code n
Peneda / Gerés PTCONO0O001 | 33
Serra da Estrela PTCONO0O0O14 | 12
Montesinho / Nogueira PTCONO0002 | 9
Alvao / Marao PTCONO0O003 | 7
Ria de Aveiro PTCONO0061 7
Arrabida / Espichel PTCONO0010 | 5
Litoral Norte PTCONO0O0O17 | 5
Sintra / Cascais PTCONOOO8 | 4
Douro Internacional PTCONO0022 | 3
Estuario do Tejo PTCONO0009 | 3
Malcata PTCONO0004 | 3
Ria Formosa PTZPEOO17 3
Rio Lima PTCONO0020 | 3
Coérno do Bico PTCONO0040 | 2
Costa Sudoeste PTCONO0012 | 2
Estuario do Sado PTCONO0011 2
llhas Berlengas PTZPEOOQ9 | 2
Serras da Freita e Arada PTCONOO47 | 2
Valongo PTCONO0024 | 2
Barrinha de Esmoriz PTCONO0018 | 1
Cabrela PTCONO0033 | 1
Complexo do Agor PTCONO0O051 1
Dunas de Mira, Gandara e PTCON0055 | 1
Gafanhas
Gardunha PTCONO0028 | 1
Lagoa da Sancha PTZPEOO14 | 1
Lagoa de Santo André PTZPEOO13 | 1
Laurissilva da Madeira PTMADOO01 1
Macigo Montanhoso Central
da llha da Madeira PTMADO002 | 1
Monfurado PTCONOO031 1
Montemuro PTCONO0025 | 1
Paul de Arzila PTCONO00O5 | 1
Paul do Boquilobo PTZPEOOO8 | 1
Ria Formosa / Castro Marim | PTCONO0013 | 1
Rio Minho PTCONO0019 | 1
Rio Vouga PTCONO0026 | 1
Serras d'Aire e Candeeiros PTCONO0O15 | 1

The record of Peneda/Gerés as the most
mentioned site was expected as this is

simultaneous the only national park in Portugal
[19] and a very popular protected area in the
country, as demonstrated by the fact this is the
one contacted by the highest number of
visitants (more than 1 million visitor
contacts/year during the period 1996-2019)
[20]. The presence of Serra da Estrela in top 3
was also expected; being the highest mountain
range on the mainland [21], this site receives
many visitors during Winter to enjoy snowfall
[22]. However, the high number of people
mentioning Montesinho/Nogueira is harder to
explain. This situation may have occurred
because this is one of the largest protected
areas in northern Portugal [19], where most
respondents were from.

Afterwards, respondents were asked to
name their favourite Natura 2000 site along
with some species that inhabit it (max. 10) as
well as to select from a list the main threats that
such protected area faces (max. 5). From this
point on, unless otherwise stated, besides the
47 participants that said knowing what Natura
2000 is beforehand, the data analysis also
included answers given to post-tests by 99
people that claimed to already know what
Natura 2000 is. Overall, 21 different sites were
designated by participants as their personal
favourites: Peneda/Gerés, Serra da Estrela,
Ria de Aveiro, and Rios Sabor e Macas were
the ones selected by most respondents (65%, n
= 95); all the other sites were mentioned by up
to four individuals.

But how knowledgeable were inquired
people about their favourite Natura 2000
protected areas? Regarding the threats, the
ones selected by more participants were:

1. Pollution (30%, n = 44);
Tourism / recreational activities (28%, n
=41);

3. Climate change (26%, n = 38).

To better understand their perceptions, a
detailed analysis was performed focusing on
threats to Peneda/Gerés, Serra da Estrela, Ria
de Aveiro and Rios Sabor e Magés (Table 2).
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Table 2. Main threats to each Natura 2000 site
(PG - Peneda / Gerés; SE — Serra da Estrela; RA
— Ria de Aveiro; RS - Rios Sabor e Magas), as
selected by respondents (N = 95)

PG SE RA RS

Threats RanRan
Agriculture |y g - 1 |m 3|H 214
Grazing

Forest L 8|L 2[m2|m 0|12
plantations

Mining and

extraction of L 3|[L 2|[M 1M O] 6
materials

Energy L 3|- 4|-0|- o7
production

Tran.sportatllon/ alm 711 3lm 1120
service corridors

Urbanization M 7|M 8|H 3]- 0]18

rishing / - 6|- 0|H4[- 515
Aquaculture

Hunting (incl.

collection of wild |H 12|L 5|M 2|M 0] 19
animals)

Removalof Iy 6w 1]- of- 5[12
terrestrial plants

Tourism /

Recreational M 14|L 10] - 4|M 0] 28
activities

Climate change |- 9[- 11]|- 4|- 0]24
Invasive alien 11 4afy o |1 4lm o] 19
species

Pollution L 10|M 12|M 6|L 0] 28
Do not know / 10 3 1 3l 17
remember

Invalid answers 5 9 1 2117
R: threat relevance to the respective site (H — High; M —
Medium; L — Low; “-“ — irrelevant threats). T: total number of

respondents (Npg + Nsg + Nga + Ngs).

On average, respondents who provided a
valid answer selected correctly only 1.7 + 1.4
threats (out of five). It is important to highlight
that a response was deemed correct if the
selected threat had a medium or high relevance
for the respondent’s favourite site. Pollution,
tourism/recreational activities and climate
change were the threats selected by more
participants (Table 2). However, according to
the managing authorities, climate change is not
a relevant threat in any of the analysed sites;

pollution only has a low to medium relevance,
and the relevance of tourism/recreational
activities varies between none to medium [23].
In contrast, invasive alien species — which
represent a highly relevant threat in two of the
protected areas further scrutinised and has a
medium relevance in the other ones [23] — were
selected just by 19 participants (Table 2).
Therefore, respondents did not seem to have a
clear perception of the main factors threatening
their favourite Natura 2000 site.

A detailed analysis of the wild species that
respondents thought to inhabit Natura 2000
protected areas was also performed, focusing
only on answers given by participants who
elected Peneda/Gerés, Serra da Estrela, Ria
de Aveiro or Rios Sabor e Macgas as their
favourite site. Overall, 52 taxa were correctly
named, with birds being the most well-
represented group (Fig. 2). All mentioned taxa
were native, except for one: the common water
hyacinth (Eichhornia crassipes), an invasive
alien plant that is present in mainland Portugal
and Azores [24].

25

20

=
(€]

Nr. of taxa
=
o

M A B R P F
Taxonomic group

Figure 2. Number of taxa that respondents
correctly indicated to be present at their
preferred Natura 2000 site, by taxonomic group

Taxonomic group: M — Mammals; A — Amphibia; B — Birds; R —
Reptiles; P — Plants; | — Invertebrates; F — Fish.

Most participants (n = 65, 66%) were not
able to name any species correctly. n order to
assess if a given species was present — or not
— in a specific Natura 2000 site, several
sources were consulted [23-30]. The remaining
respondents correctly mentioned, on average,
3.3 £ 2.5 taxon (out of 10). These numbers
suggest they were not very familiar with the
biodiversity of their favourite Natura 2000 sites.
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It is also worth mentioning that, in this question,
many participants provided broad answers,
referring to kingdoms, orders or families (e.g.
animals, plants, bats, ants); but, for the purpose
of this work, only common names exclusively
used for genus or species were considered.

These results are in accordance with similar
studies carried out in Poland, which also
revealed that the majority of people who were
aware of what Natura 2000 is knew little else
about it [13,16].

3.4. Natura 2000 visits

Most respondents who were aware of what
Natura 2000 is only visited it once per year or
even less frequently (Fig. 3). Regardless, the
number of times participants Vvisited this
network was not significantly correlated with
their knowledge about it (r = 0.181, p = 0.082).
This is a surprising finding as it suggests that
spending time more often at Natura 2000 sites
has little improvement on visitors’ knowledge
about them. This may indicate that there is a
shortage of Natura 2000 information at the
network sites.
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Nr. of visitis to Natura 2000 per year

Figure 3. Number of self-reported visits to
Natura 2000, per year (N = 144)

3.5. Knowledge about threatened
species
Each participant, on average, named

correctly 1.7 + 1.2 taxa (out of 10) that were
threatened with extinction in  Portugal.
Conservation status was checked on
Portuguese Red Book of Vertebrates [24] and
on Portuguese Red List of Vascular Plants [31].
In total, 33 nationally threatened taxa were

mentioned, with most of them being mammals
(n =12, 36%) or birds (n = 11, 33%). However,
currently there are 568 taxa classified as
threatened with extinction in Portugal [24,25];
which means the replies of the sampled
population represent only around 6% of the
total specific richness. Iberian lynx (Lynx
pardinus), Iberian wolf (Canis lupus signatus)
and Spanish imperial eagle (Aquila adalberti)
were the ones referred by more participants
(Fig. 4). All the other taxa were only named by
up to seven respondents. This disparity in
awareness about different threatened species
in Portugal is very intriguing and should be
further studied.
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I e
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Spanish
imperial
eagle
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Iberian lynx Iberian wolf Others

Threatened taxa

Figure 4. Threatened taxa in Portugal that were
mentioned by respondents (N = 232)

The number of threatened taxa mentioned
by respondents was once again weakly
correlated with their knowledge about Natura
2000 (r = 0.393, p = 0.000).

3.6. Ecological behaviours

Table 3 presents the average frequency of
engagement in the following ecological
behaviours:

A. Depositing garbage in the appropriate
recycling bin;

B. Reusing shopping bags;

C. Avoiding buying single use plastics;

D. Talking to others about environmental
issues and Nature in general;

154



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

environmental
(e.g. tree

E. Being involved in
restoration actions
plantations);

F. Participating in citizen science initiatives
targeting Nature and/or the
environment;

G. Having a shower instead of a bath.

Table 3. Average frequency with which
respondents engaged in the ecological
behaviours described above (N = 232)

Ecological Average SD
behaviour frequency (standard deviation)
A 4.3 0.9
B 4.6 0.8
C 3.6 1.2
D 3.5 1.1
E 2.6 1.2
F 2.2 1.1
G 4.4 1.2

A 5-point Likert scale was used by participants to
indicate the frequency with which they adopted pro-
environment behaviours (1 - never; 2 - rarely; 3 -
sometimes; 4 - often; 5 - regularly)

Taking part in citizen science projects was
the behaviour participants showed less
frequently (Table 3), which indicates this was
the most difficult task to accomplish for the
sampled population [15]. In contrast, reusing
shopping bags, having a shower, and
depositing garbage in the appropriate recycling
bins seemed to be easier behaviours to adopt
[15]. Nonetheless, the frequency of ecological
behaviours was poorly correlated with the
respondents’ knowledge about Natura 2000 (r
= 0.277, p = 0.007). Despite increasing public
knowledge about biodiversity being widely
considered necessary to foster willingness to
adopt pro-environment behaviours [2,32], this
study failed to show a strong correlation
between Natura 2000 knowledge and the
engagement in ecological behaviours. This may
be due to a restriction of knowledge about the
network to people highly literate about
biological diversity, which is supported by the
following statistics:

e In this study, 81% of respondents who
were aware of Natura 2000 worked or
pursued studies related to biology or
nature conservation (n = 38);

e 74% of respondents that claimed to
know what Natura 2000 is held at least
one university degree (n = 35).

This explanation is also backed up by the
results of a survey published by the European
Commission in 2015, which revealed that
Natura 2000 was unknown even for 39% of
Europeans that self-reported to be well-
informed about biodiversity loss [18].

4. Conclusion

Natura 2000 is the main instrument of the
European Union to tackle biodiversity loss.
Although this network of protected areas
intends to fulfil its conservation goals while
engaging stakeholders in the management
process, Natura 2000 is still unknown by a
large majority of Europeans. This can
undermine its conservation mission as public
participation is considered a crucial factor for
successful Nature conservation initiatives. The
findings of this study confirm this negative
scenario, since the literacy about the network
was shown to be very low, even for the people
who were aware of it. These findings are even
more worrisome when considering that the
current study has an overrepresentation of
people who are expected to be highly literate in
biodiversity issues (university diploma holders
and biology-related workers/students). Plus, the
present study is not the only one reaching to
this conclusion: similar research projects
carried out in Poland also revealed low Natura
2000 literacy levels among its respondents.
Hence, the current paper is another testimony
of the urgent need for the improvement of
science communication efforts focusing on
Natura 2000, with the ultimate aim of
enhancing its performance regarding species
and habitats conservation.
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Preliminary Evaluation of a
Serious Game on Biological
Invasions
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Abstract. Invasive alien species are one of
the biggest threats that biodiversity faces
worldwide. However, society remains poorly
aware of this issue. In order to raise awareness
on this matter among middle school students, a
strategy board game was developed. A
preliminary assessment of the game’s ability to
improve players’ knowledge on this subject was
performed based on the experience of 132
participants distributed through 11 game
rounds. Results suggest this serious game was
successful in engaging students with biological
invasions as well as in increasing their literacy
on this topic.

Keywords. Science Communication, Ecology,
Environmental Education.

1. Introduction

Alien species are defined as the ones
introduced outside their native range, directly or
indirectly due to anthropogenic activities. When
these species can survive and proliferate on
foreigner ecosystems, they are often harmful to
native biodiversity. In these cases, alien
species are deemed invasive and it is said that
a biological invasion occurred [1]. Nowadays,
invasive alien species (IAS) are regarded as a
key cause of biodiversity loss worldwide, along
with climate change, pollution, overexploitation,
deforestation and other habitat disturbances [1-
4]. Plus, IAS have a major negative impact on
the economy, health and well-being of human
societies [5-8]. For instance, in Europe, they
are responsible every year for losses valued in
at least 12 billion euros [5,8]. Hence, it is of
utmost importance to properly manage
biological invasions. Since anyone can be
responsible for the dissemination of IAS (e.g.,
by releasing unwanted pets into the wilderness
or by unwilling transporting plant seeds to other
locations), everyone can play a role in
preventing further biological invasions [9]. But,
are regular citizens aware of the threat IAS
pose? In 2019, the European Union published
a report where they inquired over 27,000

people on their awareness, knowledge and
attitudes regarding biodiversity. This report
revealed that 72% of respondents thought IAS
represented a relevant threat for native
biodiversity. Still, this was the threat less
participants believed to be relevant [10].
Unawareness about IAS and their broad
harmful impacts are present even among key
stakeholders [11-12]. For example, a study
involving representatives of pet shops located
in San Francisco (USA) revealed that only 60%
of respondents had previously heard of the
term “invasive species” [11]. In Portugal, only
40% of municipalities that replied to an IAS
questionnaire recognized these organisms had
negative impacts [12]. Given this scenario, it is
clear that more efficient science communication
and education efforts are needed to tackle this
global issue.

Over the past recent decades, serious
games and gamification have been increasingly
applied to science education [13-14]. Serious
games can be defined as the ones which have
a clear purpose besides entertainment [14-15],
while gamification implies the use of game
mechanisms (e.g. leader boards, badges) in
non-game contexts [13,16]. Several studies
reported that both strategies increase
engagement and promote positive learning
outcomes in students [13,15-16], including
evidence that suggests these may help
struggling students obtain better grades [16]. In
light of this literature, the current study aimed to
assess whether or not a serious game on
biological invasions could promote awareness
and increase knowledge about this concerning
matter among Portuguese middle school
students.

2. Board game “Boundary Breach”

To the authors best knowledge, no serious
games on IAS were available in the mother
tongue of the selected audience (Portuguese
middle school students) thus, a new strategy
board game was conceptualized. The game
can be played by 6 persons or teams, who are
responsible to manage a given continent with
the goal of preventing biological invasions. The
winner will be the player(s) that accumulates
less IAS, both in species number and
abundance. The gameboard (Fig. 1) is
composed by a coloured world map, with six
continents connected by a steppingstone
pathway. Each continent contains 10
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steppingstones: eight normal ones and two
special ones. The later can be any of the four
different special steppingstones:

e Prevention hub: players that stop in this
steppingstone can take a card from the
respective deck. Each card represents a
specific prevention measure that they
can apply to their continent, but they
have to decide immediately whether
they want to implement it or not.

e Control hub: when players stop at this
special steppingstone, they should take
a card from the respective deck. Each
one describes specific control measures
that can be applied in their continent to
reduce the abundance of a given IAS.
Players can hold on to it for as long as
they want, but they should have in
attention that they can only retain a
maximum of three control/eradication
cards on their hand.

¢ Eradication hub: players stopping at this
steppingstone are allowed to take a
card from the respective deck and hold
on to it for as long as they want. Each
card includes detailed eradication
actions that can be employed in their
land to completely remove a recently
introduced IAS.

e Camera: players that stop in these
steppingstones receive a postcard with
a photograph of a famous landmark
from where they are at that moment.
The game will be over when one player
or team collects all six postcards.

After selecting the continent they would like
to manage, each player/team gets a token of
the same colour of their continent and a
scoresheet where they can register the number
of times each IAS is introduced in their land
(Fig. 1). Before starting the game, players must
position their token on any regular
steppingstone within their respective continent.
Afterwards, all participants have to roll the dice;
the player who obtains the highest number will
be the first one to play. Then, a clockwise order
will apply. In a single play, first, each participant
has to roll a dice inside Boundary Breach’s
roulette (Fig. 2).

Depending on where the dice stops, the
player will need to take different actions before
moving its token on the board:

e Transportation: the player has to pick up
and transport one IAS that is native to
the continent where his/her token
stands;

e Introduction: the player will introduce all
IAS he/she is transporting into the
continent where the token is currently
standing on. The manager of the

invaded continent must take note of all
IAS introduced on
scoresheet.

¢ None (-): no extra action needed.

his’/her own

Figure 1. Schoolchildren (aged 10-12) playing
Boundary Breach during Junior University: a
summer school for mididle and high school
students organized by University of Porto
(Portugal)

Figure 2. Boundary Breach’s roulette

Afterwards, players must move their token
according to the number on the dice. Although
the token can be moved in any direction
following the steppingstone pathway, in a single
play it is only possible to move it in one way.
Players are allowed to move within and
between continents.
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Finally, it is also worth mentioning that
Boundary Breach comprises one IAS deck with
12 cards; each one includes the name and
picture of an IAS species, along with a short
description of it and a reference to its continent
of origin.

3. Educational
Breach

potential of Boundary

During June and July 2016, Boundary
Breach was included in the programme of a
junior summer school ran by University of Porto
(Portugal) — Universidade Junior [17]. Overall,
eleven game matches were played, involving a
total of 132 students aged 10-12 years old (Fig.
1). Participants’ knowledge acquisition about
IAS was evaluated through the application of
pre- and post-tests, being complemented with a
group discussion on the best strategy to win the
game. Only 128 pre- and post-test
questionnaires were properly fulfilled. The pre-
test included six close-ended questions:

1. Have you ever heard of invasive alien
species?

. Do you know what they are?

2. Which of the following plant species
(Table 1) can you recognize?

. Which ones do you think are invasive?

3.  Which of the following animal species

(Table 1) can you recognize?

Which ones do you think are invasive in

Portugal?

3.1.

The post-test contained only questions
number 2 and 3. Plus, at the end of the activity,
students were asked to report on how much
they enjoyed Boundary Breach by individually
rating it from 1 (not at all) to 5 (very much).

3.1. Previous knowledge about IAS

Before playing Boundary Breach, 51.6% of
students (n=66) mentioned they have heard of
the term “invasive alien species” beforehand.
Nevertheless, only 33.6% (n=43) stated they
knew what IAS are. After this individual self-
report moment, a slide with 12 photographs
portraying different plant species was showed
to all participants. The most recognized plant
was a native fern, followed by the invaders blue
morning glory (lpomoea indica) and giant reed
(Arundo donax). The plants most participants
thought to be invasive were the native Bracken
fern (Pteridium aquilinum), giant reed (Arundo

donax) and water hyacinth (Eichhornia

crassipes) (Fig. 3-A).

Table 1. Plant and animal species showed to
students during pre- and post-tests

# Plant species Animal species
4 Bermuda buttercup | European hedgehog
(Oxalis pes-caprae) | (Erinaceus europaeus)
2 Ice plant Red swamp crayfish
(Carpobrotus edulis) (Procambarus clarkii)
3 Wattles Zegra 'mussel
(Acacia spp.) (Dreissena
) polymorpha)
4 Pampas grass Goldfish
(Cortaderia selloana) (Carassius auratus)
5 Bracken fern Common carp
(Pteridium aquilinum) (Cyprinus carpio)
Blue morning glory Red-eared slider
6 (loomoea indica) (Trachemys scripta
elegans)
7 Maritime pine Asian hornet
(Pinus pinaster) (Vespa velutina)
8 Rockrose Asian clam
(Cistus crispus) (Corbicula fluminea)
9 Giant reed European honeybee
(Arundo donax) (Apis mellifera)
10 Blue gum Chinese mitten crab
(Eucalyptus globulus) (Eriocheir sinensis)
Watgr hyacllnth Brown rat
11 (Eichhornia .
. (Rattus norvegicus)
crassipes)
Pittosporum Common blue
12 (Pittosporum mussel
undulatum) (Mytilus edulis)

Only the taxa highlighted with grey are native to
mainland Portugal [18-19]. All the other ones are also
present in the mainland, but they are considered IAS
[20-22]

Then, a slide showcasing 12 animal species
was displayed to each class. Regarding
animals, the overall recognition percentages
were higher. Red-eared slider (Trachemys
scripta elegans), European honeybee (Apis
mellifera) and European hedgehog (Erinaceus
europaeus) were the ones recognized by a
highest percentage of students. Asian hornet
(Vespa velutina), red swamp crayfish
(Procambarus clarkii) and brown rat (Rattus
norvegicus) were the animals most children
thought to be invasive (Fig. 3-B).

The percentage of wrong answers (wrong =
identifying native species as IAS) was higher
for plants (24.7% > 17.8%).
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Figure 3. Percentage of students that recognize

each plant (A) or animal (B) species represented

in Table 1 and that thought each one was an IAS,
before engaging with Boundary Breach

3.2. Knowledge evolution & enjoyment

After playing Boundary Breach, participants
were asked to once again look at the slides
previously showed during pre-test and to
identify which of the displayed species were
IAS. This time, a much higher percentage of
students was able to correctly identify species
involved in Boundary Breach as invasive
(Figure 4). It is worth mentioning that although
animal species number 1 and 11 were not
addressed in the game, they were part of a talk
that took place between pre- and post-tests.

During the discussion promoted at the end
of each game, participants were asked to give
examples of the best strategies to win.
Managing IAS was the strategy that most
students agreed to be the best (81.8%, n=108);
the following most mentioned strategies were
introducing IAS into other continents (78.0%,
n=103) and celebrate international agreements
(63.8%, n=71) (Table 2). Regarding how
engaging Boundary Breach is, overall students

attributed it an average of 4.7+0.7 (out of 5),
which indicates they enjoyed it very much.
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Figure 4. Percentage of students that thought
each plant (A) or animal (B) species was an IAS,
before and after playing Boundary Breach. The
numbers 1 to 12 correspond to the taxa named
in Table 1. The bars inside boxes represent
native and invasive alien species that were not
incorporated in the board game

4. Discussion

The choice of performing a preliminary
evaluation of Boundary Breach during
Universidade Junior was mainly motivated by
the possibility of having a huge number of
participants over a short period of time.
However, this approach introduced some
constraints to the current study. First, the
purpose of this event is not to carry out a
scientific research, but to entertain kids and
teenagers with educative activities. Hence, the
design of the activity had to be carefully
planned to make sure that the questionnaires
were felt as part of the activity rather than a
test. Besides, the activity must last one full day.
For both reasons, another 1AS activity
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(unrelated to the board game)
implemented between pre- and post-tests.

was

Table 2. Best strategies to win Boundary Breach,
according to players (N=132)

Best strategies to win n %
Management of IAS 108 81.8
Prevention is the k.)est 61 146.2
management option
[ i ional
Celebrate internationa 71 538
agreements
Strateg!cally choosing your 53 402
continent at the start
I ing IAS i h
ntroducmg' S into other 103 78.0
continents

Before playing Boundary Breach, only about
1/3 of participants self-claimed they knew what
IAS are. Plus, many animal species with high
recognition percentages were wrongly thought
not to be invasive (e.g. red-eared slider, brown
rat) (Fig. 3-B). Regarding plants, the species
most students recognized (bracken fern) was
also the one most thought to be invasive (Fig.
3-A). However, their beliefs were wrong as the
bracken fern is actually native to mainland
Portugal. This rationale suggests the majority of
participants in this study was poorly informed
about biological invasions. Nonetheless, after
playing Boundary Breach, their knowledge
seemed to have improved. For instance, in
post-tests, there was a much higher percentage
of students that correctly identified each
species involved in the board game as an IAS
(Fig. 4). Besides, native species and IAS not
mentioned in the game (e.g. maritime pine,
giant reed) had similar results in pre- and post-
tests (except the brown rat) (Fig. 4), which
strengthens the idea that Boundary Breach was
indeed the responsible for the improvement of
their knowledge about IAS. The brown rat was
the only species not included in the board
game that experienced a much higher number
of correct identifications as IAS, which is likely
explained by the fact that this species was
addressed in another activity that participants
were involved in-between tests. In addition to
increase players’ ability to recognize some IAS,
the present results suggest Boundary Breach
was also successful in increasing players’
literacy on pathways and management of
biological invasions (Table 2):

e Most participants highlighted the need
to manage IAS to win the game, as this
strategy t will allow them to accumulate
less IAS in their continent. Some went
further and claimed prevention is the
better management strategy. These
ideas are in line with current scientific
literature that unanimously urges the
responsible authorities to manage
biological invasions and that
undoubtedly states prevention should
always be the first option as it is the
most efficient action [1,23-24];

e A large number of players also said that
transporting IAS to other continents
instead of their own was one of the best
strategies to win, suggesting that they
were aware that transportation of IAS

might result in future introductions.
Again, their ideas are supported by
scientific evidences that show

transportation is an important pathway
of biological invasions [25-26];

e About half of the students also stated
that celebrating international
agreements would help them win. In the
game, this was simulated by
players/fteams being able to trade
control/eradication cards and by them
avoiding going to certain continents
when transporting IAS. The need for

international cooperation is widely
acknowledged, e.g., the European
Union has recently implemented a

common policy on biological invasions
[11;

e A few students also mentioned that
strategically choosing a continent at
start would help them win. After being
asked to further explain their rationale,
they said continents with more
pathways connecting them to other
ones are more subjected to
introductions. Once again, their
reasoning was correct. As explained
above, transportation is a major
pathway of IAS [25-26]. So, places with
higher transportation capacity (e.g.
number of airports and seaports) and
more dependent on imports are under a
higher introduction risk [26].

Boundary Breach is not the only serious
game on biological invasions described in the
literature [27-30]; however, it is one of the few
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for which educational outcomes were
quantitatively assessed and reported.
5. Conclusion

Previous literature on serious games
reported that, when applied to science

education, this approach was considered very
engaging by students and often led to positive
learning outcomes. The results obtained with
the current work are another evidence of such.
Boundary Breach turned out to be a very
engaging way to inform middle school students
about biological invasions. Nonetheless, a
more thorough evaluation of this board game
should be performed in order to assess if
players can retain this newly acquired
knowledge for longer periods of time. Despite
its potential to engage students with IAS,
Boundary Breach covers only their recognition,
pathways, and management; hence, its
application in formal and informal education
should be complemented by an activity on the
harmful impacts IAS cause on biodiversity and
on human societies.

6. Acknowledgements

This work was partially supported by
Universidade Junior — University of Porto
(Portugal) as well as by a PhD grant
(SFRH/BD/129529/2017) funded by the
Portuguese Foundation for Science and
Technology, which enabled the preparation of
this article. Thanks are also due for the
financial support by FCT/MCTES to
GreenUPorto (UIDB/05748/2020 and
UIDP/05748/2020). Finally, the authors would
like to acknowledge Joana Neto for the help
provided during Universidade Junior.

7. References

[11 European Commission. Regulation (EU)
No. 1143/2014 of the European
Parliament and of the Council of 22
October 2014 on the prevention and
management of the introduction and
spread of invasive alien species O. J. L.,
2014, 317, 35-55.

[2] Millennium  Ecosystem  Assessments.
Ecosystems and human well-being:
Biodiversity synthesis, Washington, DC:
World Resources Institute, 2005.

[3] Convention on Biological Diversity. Global

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Biodiversity =~ Outlook 4, Montréal:
Secretariat of the Convention on Biological
Diversity, 2014.

http://www.iucnredlist.org

Kettunen M, Genovesi P, Gollasch S,
Pagad S, Starfinger U, ten Brink P, Shine
C. Technical support to EU strategy on
invasive species (IAS) - Assessment of
the impacts of IAS in Europe and the EU,
Brussels: Institute for European
Environmental Policy, 2008.

Vila M, Basnou C, Py3ek P, Josefsson M,
Genovesi P, Gollasch S, Nentwig W,
Olenin S, Roques A, Roy D, Hulme PE,
DAISIE partners. How well do we
understand the impacts of alien species
on ecosystem services? A pan-European,
cross-taxa assessment. Front. Ecol.
Environ., 2010, 8, 135-144.

Rosa IC, Pereira JL, Gomes J, Saraiva
PM, Gongalves F, Costa R. The Asian
clam Corbicula fluminea in the European
freshwater-dependent industry: A latent
threat or a friendly enemy? Ecol. Econom.,
2011, 70, 1805-1813.

http://europa.eu/rapid/press-
release STATEMENT-14-286_en.htm

Padayachee AL, Irlich UM, Faulkner KT,
Gaertner M, Proches S$, Wilson JRU,
Rouget M. How do invasive species travel
to and through urban environments? Biol.
Invasions, 2017, 19(12), 3557-3570.

European Commission. Special
Eurobarometer 481 — Attitudes of
Europeans towards Biodiversity, Brussels:
Kantar Public Brussels, 2019.

Chang AL, Grossman JD, Spezio, TS,
Weiskel HW, Blum JC, Burt JW, Muir AA,
Piovia-Scott J, Veblen KE, Grosholz ED.
Tackling aquatic invasions: risks and
opportunities for the aquarium fish
industry. Biol. Invasions, 2009, 11(4), 773-
785.

Marchante E, Marchante H, Morais M,
Freitas H. Combining methodologies to
increase public awareness about invasive
plants in Portugal. Paper presented at the
2" International Workshop on Invasive

163



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

Plants in Mediterranean Type Regions of
the World, Trabzon, Turkey. August 2-6,
2010.

[13] Dicheva D, Dichev C, Agre G, Angelova
G. Gamification in education: A systematic
mapping study. J. Educ. Techno. Soc.,
2015, 18(3), 773-785.

[14] Reckien D, Eisenack K. Climate Change
Gaming on Board and Screen. Simul.
Gaming, 2013, 44(2-3), 253-271.

[15] Wu JS, Lee JJ. Climate change games as
tools for education and engagement. Nat.
Clim. Change, 2015, 5(5), 413-418.

[16] Barata G, Gama S, Jorge J, Gongalves D.
Improving Participation and Learning with
Gamification. Paper presented at the 1%
International Conference on Gameful
Design, Research, and Applocations —
Gamification ’13. Stratford, Ontario,
Canada. October 2-4, 2013.

[17] https://universidadejunior.up.pt/
[18] https://flora-on.pt/
[19] https://lwww.biodiversity4all.org/

[20] Presidéncia do Conselho de Ministros.
Decreto-Lei n.° 92/2019. Diario da
Republica, 2019, 130, 3428-3442.

[21] Invasive Species Specialist Group. The
Global Invasive Species Database.
Version 2015.1, 2015.

[22] CABI. Invasive Species Compendium.
Walllingford, UK: CAB International, 2020.

[23] https://www.cbd.int/decision/cop/?id=7197

[24] Larson DL, Phillips-Mao L, Quiram G,
Sharpe L, Stark R, Sugita S, Weiler A. A

framework for sustainable invasive
species management. Environmental,
social, and economic objectives. J.

Environ. Manage., 2011, 92, 14-22.

[25] Saul W-C, Roy HE, Booy O, Carnevali L,
Chen H-J, Genovesi P, Harrower CA,
Hulme PE, Pagad S, Pergl J, Jeschke JM.
Assessing patterns in  introduction
pathways of alien species by linking major
invasion databases. J. Appl. Ecol., 2016,
54(2), 657-669.

[26] Early R, Bradley AB, Dukes JS, Lawler JJ,
Olden JD, Blumenthal DM, Gonzalez P,
Grosholz ED, Ibafiez |, Miller LP, Sorte,
CJB, Tatem AJ. Global threats from
invasive alien species in the twenty-first
century and national response capacities.
Nat. Commun., 2016, 7, 12485.

[27] Hopwood JL, Flowers SK, Seidler KJ,
Hopwood EL. Race to Displace: A Game
to Model the Effects of Invasive Species
on Plant Communities. Am. Biol. Teach.,
2013, 75(3), 194-201.

[28] Knote A, Edenhofer S, Mammen SV. Race
to Displace: Neozoa: An immersive,
interactive sandbox for the study of
competing. Paper presented at the IEEE
Virtual Reality Workshop on K-12
Embodied Learning through Virtual &
Augmented Reality (KELVAR), Greenville,
USA. March 19-23, 2016.

[29] Schneider HE, Sweet LC. Fire, Pollution,
and Grazing: Oh My! A Game in Which
Native and Invasive Plants Compete
Under Multiple Disturbance Regimes.
Learner-Centered Teaching Activities for
Environmental and Sustainability Studies,

Byrne LB. (Ed.), 104-110, Springer
International  Publishing,  Switzerland,
2016.

[30] Skukan R, Borrell YJ, Ordas JMR, Miralles
L. Find invasive seaweed: An outdoor
game to engage children in science
activities that detect marine biological
invasion. J. Environ. Educ., 2020 (In
Press).

164



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

Education During the COVID-19
Lockdown: Does the Pandemic
Extend the Scope of Distance
Learning?

A Semenets', D Vakulenko',
| Berezovska®
1Ternopi/ National Medical University,
Ternopil, Ukraine
’Krupynsky Medical Academy,
Lviv, Ukraine
iberezof@gmail.com

Abstract. The reasons for and importance of
readiness for distance learning in higher
education are identified, especially regarding
some aspects of teaching in higher medical
education. The history of introduction of
distance learning components in educational
process at the |. Horbachevsky National
Medical University in Ternopil (TNMU) is
shown. Purpose of online cloud services that
TNMU has been subscribed to as well as self-
hosted by TNMU distance education tools are
explained. The experience gained during the
implementation of full-scale distance education
at TNMU during the COVID-19 quarantine is

presented. The analysis of students’
performance during the full distance
educational period in comparison with a

blended part of the Medical Informatics course
is presented.

Keywords. Distance Education, Learning
Management Systems, LMS Moodle, Google
Suite for Education, Office 365, Medical
Education, Open-Source Software, Scheduler
Plugin, Software Development, Version Control
System.

1. Introduction

Medical education should provide training
for specialists who have to be able to effectively
use available capabilities of modern medical
information systems. To achieve this goal,
modern learning tools and technologies must
be used in higher medical education [1].
Conceptual approaches to introduce modern
information technologies in medical education
have included the application of Learning
Management information Systems (LMS) which
also often provide services of distance
education too - as well as learning material

management systems (LMMS or LCMS -
learning content management systems).

Latest challenges like threat of bioterrorism
and global pandemics (like COVID-19) had
introduced new demands and requirements for
organization and providing tye educational
process. Higher education institutions should
be ready and capable to migrate into a fully
online and remote educational model.

2. Distance education solutions at
TNMU: history, technologies and
tools

Distance Education (DE) technologies were
introduced at Ternopil National Medical
University (TNMU) in 2006. At that year
Learning Management System (LMS) Moodle
[2] was introduced to evaluate the results of
students' self-preparation for practical classes.
The assesment was provided by using the
Moodle “quiz” activity only.

The use of the Moodle LMS was
continuously expanded during the following
years [3-7]. Finally, at the end of 2019, all
training materials of all TNMU courses were
fully presented in Moodle in various formats of
training activities ("workshop", "assignment"),
or as Moodle resources (“files” and “folders”,
typically filled with pdf documents ) or even as
external links (links to video lectures on
YouTube).

Important changes took place in 2012. The
Microsoft Office 365 [8] and Google Suite for
Education [9] services were introduced almost
simultaneously at TNMU.

From 2012 and up to now Google Suite
platform is used as a centralized user
authentication tool for all TNMU information
services. It provides corporate e-mail service
for TNMU as well.

Microsoft Office 365 was introduce to
provide video conferencing. Skype for Business
(former Lync) supported a large number of
participants (from 50 to hundreds). This service
was replaced with MS Teams now.

New safety and health threat involvr new
challenges and demands for the organization
and implementation of the educational process
in higher medical education to improve distance
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learning and support a students’ self-education
mode.

The aim of paper is to present TNMU
experience regarding the various aspects of
implementating distance education
technologies and tools into medical education
under global pandemic threats.

3. Organization of distance education
process at TNMU during the COVID-
19 lockdown

Since March 12, 2020, when the COVID-19
quarantine in Ukraine was introduced, TNMU
has been using all available distance learning
services on a full scale. Students are allowed
to:

- use training materials posted on the Moodle
platform [10] for training;

- post their answers in electronic form
through Moodle activities (“workshop”,
“assignment”);

- communicate with teachers through Google
services (texting via Gmail / Chat, and have
video-conversations via Hangouts / Meet).

- watch educational videos and video-
lectures on teachers’ YouTube channels
(for example [11])

Video-conferencing tools like Google Meet
tools [12], MS Teams [13] and even Zoom [14]
are used to support academic collaboration
during tutoring seminars, training conferences
and sessions of academic councils.

As a part of IT general infrastructure
development, TNMU Microsoft Office 365
account was finally integrated with TNMU
Google Suite platform. It became possible via
Single sign-on (SSO) approach based on
Security Assertion Markup Language (SAML)
for user account data provisioning as it were
described in [15]. Finally, it give all TNMU users
(students as well as faculty) instant and
transparent access to all applications and
features of both cloud-based services.

The TNMU Moodle platform [10] is used to
perform a final control at the end of 2020 spring
semester. Exams were presented in form of
test assessment. Unlike previous times, more
different types of questions and forms of
quizzes were used. For example, an “essay”
Moodle question type was used to accept
students' answers for “oral” part of exams.

4. Teaching the Medical Informatics
course at TNMU during COVID-19
quarantine

The Medical Informatics (MI) course at
TNMU is offered to 2" year students at the
medical school. Currently it includes 14 hours
of lectures, 32 hours of practical classes and
about 60 hours assigned to self guided work. In
fact, the MI course is designed as a “blended”
course since LMS Moodle inception at TNMU
[16]. Students have to perform some amount of
online activities in addition to classroom
studies.

As a rule, a topic of the MI course in LMS
Moodle includes the elements shown in Fig. 1).

Topic 3

Processing and analysis medical images.

% ) :
B Methodical Instruction o

! Practical classes materials

P
B Lesson 3-1. Processing and analysis medical images..pdf

%
(]

Lesson 3-2. Processing and analysis medical images..pdf

" Practical tasks
imageJ-samples.zip e

P
B task_Analyze_image_1-5.pdf

Video resources

Image) Documentation e

’ Theoretical background (additional)

P
®  Fundamentals-Biomedical Image Processing.pdf

Upload your results files there! e

V Medical Image analysis and processing

Figure 1.Structure of a topic of the Ml course in
LMS Moodle

They include:

1. Required practical classes materials and
methodical instructions.

2. List of tasks that must be completed
(during class hours or individually).

3. Recommended additional educational
materials.
4. Assessment tools. Using “assignment’

activity students have to submit results of
their practical works. A “quiz” activity has
been used to perform assessment of
theoretical knowledge.
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This extensive background allowed easily
change from the “blended” mode to a full scale
distance education workflow when the
lockdown was introduced in Ukraine on March
12, 2020.

Main changes provided in the course to
support a full scale online educational process:

1. Almost all time limitations for quizzes
and assignment activities in LMS
Moodle were eliminated to make
students’ work more comfortable.

2. Extra timeslots for online meetings with
groups and / or individual students were
introduced by using customized Moodle
“Scheduler” module [17]. All
appointments were provided with links
to corresponding video-meetings,
scheduled by MS Teams cloud service.

3. Process of recording of additional video-
lessons was initiated and conducted by
faculty members. MI department’s
YouTube channel [18] was used to host
these videos among other video-
lectures [19].

4. Usage of online demo [20] and open-
source alternate software [21] was
introduced to fulfill requirements of
specific topics.

5. Gmail-based TNMU corporate email
service was used to communicate with
students too.

Statistics gathered from LMS Moodle
confirms that the activity of students within the
platform grew about three times during the
quarantine (Fig. 2). It is important to note that
about 2/3 of the MI course topics were already
completed when the quarantine was introduced
(10 topics out of 16).

The analysis of results of teaching the
Medical Informatics course to foreign students
(173 students in 14 groups) is used to present
practical outcomes of migrating from the
blended education model to full scale DE
workflow.

The average scores achieved by students
during the blended part (topics 1 to 10) of the
MI course in 2019/20 academic year is shown
in Fig. 3. The next figure (Fig. 4) presents the
average scores for the full scale DE part of Ml
course during March / May 2020 (6 topics).

Finally, the total Ml course average scores are
shown in Fig. 5.

Figure 2. Activity of students studying the MI

course in LMS Moodle during 2019/20 academic
year

Histogram of blended
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Figure 3. Students’ average score for the
blended part of the MI 2019/20 course (topics 1-
10)

It should be noted that TNMU uses a
common Ukrainian academic grading system
with 12 levels of students’ achievements, where
“4” is a minimal positive grade.

Charts (Fig. 3-Fig. 5) show a relatively low
performance of students in the MI course.
Migration from the blended mode to the full
scale DE educational workflow made the
situation worse when about one half of students
(84 of 173 or 48%) failed to earn even a
minimal positive grade (“4”). Low basic
educational skills and poor educational
background of foreign students at TNMU may
be a possible explanation of above
unsuccessful results. This is quite obvious
because most students come from developing
countries with low income and high poverty
(Africa, Middle East and South Asia). Low
common digital literacy competencies along
with basic computer skills of students provide
additional obstacles which make educational
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process quite difficult due to significant
complexity of the Medical Informatics syllabus.

Histogram of distance
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Figure 4. Students’ average score for the DE part
of the MI 2019/20 course (topics 11-16)
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Figure 5. Students’ total average score for the
total Ml 2019/20 course

4. Conclusions

The importance of readiness for full scale
distance learning in higher education is
obvious. This is illustrated by a history of
introducing the components of distance
learning in education process at the |I.
Horbachevsky National Medical University in
Ternopil. The purpose of online cloud services
that TNMU has been subscribing to as well as
self-hosted by TNMU distance education tools
are explained too. The experience achieved
through the implementation of full-scale
distance education at TNMU within the COVID-
19 quarantine period in Ukraine is presented.
The analysis of students’ performance during a
full distance educational period in comparison
with a blended part of the Medical Informatics
course was performed. Low performance of

foreign students during online learning of the Ml
course was noted and explained.
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Mycotoxins in Popcorn Kernels
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Abstract. An Ultra-High Performance Liquid
Chromatography combined with Time-of-Flight
Mass Spectrometry (UHPLC-ToF-MS) method
has been developed for determination of nine
mycotoxins, namely aflatoxins (AFB1, AFB2,
AFG1 and AFG2), ochratoxin A (OTA),
zearalenone (ZEA), toxin T2 (T2) and
fumonisins (FB1 and FB2) in maize. The
different concentrations tested take in account
the Maximum Levels (ML) for maize
(Commission Regulation EC no. 1881/2006).

Keywords. Aflatoxins, Aflatoxins B1,
Fumonisins, Maize, Mycotoxins, UHPLC-ToF-
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1. Introduction

Maize (Zea mays L.) is a staple food,
responsible for more than third of calories and
protein intake in some countries. In 2016,
maize production in the European Union (EU)
about 21% of the total production of 301 million
tons (Eurostat, 2017). Under a wide range of
favorable environmental conditions (humidity,
oxygen, adequate temperature, pysical damage
and the presence of fungal spores) and poor
hygiene conditions, some fungi, mainly
Aspergillus, Fusarium and Penicillium, can
produce naturally occurring fungal toxins, so-
called, mycotoxins. Climate change can also
influence the occurrence of mycotoxins due to
extreme rains and drought events that favor the
formation of deoxynivalenol and fumonisins,
respectively. Mycotoxins can contaminate food
products, such as maize, consumed by humans
and animals and they can be harmful [6].
Contamination of goods can happen at different
stages in the period before to harvest, post-
harvest, storage, processing and post-
processing [3]. Mycotoxins are associated with
vast adverse health effects, including
carcinogenesis, mutagenesis, hepatotoxicity,
genotoxicity, immunotoxicity, among others.
Mycotoxins can also induce
immunosuppression [7].

1.1. Objective

The aim of this study, carried out in the
frame of a stay of three students from Escola
Secundaria da Maia at INIAV, was to determine
mycotoxins (aflatoxins, AFB1, AFB2, AFG1 and
AFG2), ochratoxin A (OTA), zearalenone
(ZEA), T2 toxin (T2) and fumonisins (FB1 and
FB2) in cornpopocorn kernels. The results of
the analysis of 12 different samples of maize
was carried out by Ultra-High-Performance
Liquid Chromatography coupled with Time-of-
Flight Mass Spectrometry (UHPLC-ToF-MS) [1-
2]. Maximum levels (ML) according to the
Commission Regulation (EC) No. 1881/2006
and its amendments.

2. Materials and methods

The work was accomplished in a laboratory
at the National Institute for Agricultural and
Veterinary Research (INIAV).

2.1. Chemicals and reagents

All chemicals and reagents were supplied to
us by the National Institute for Agricultural and
Veterinary Research (INIAV) laboratory. During
this Project, we used methanol, acetonitrile
(both HPLC gradient grade), formic acid and
purified water. Mycotoxins standards and
internal standard (zearalenone, ZAN) were
dissolved in acetonitrile (AFB2, AFG1, ZEA, T2
and ZAN), methanol (AFB1, AFG2 and OTA) or
acetonitrile: water (50:50, v/v) (FB1 and FB2).

2.2. Samples and sampling procedure

We bought twelve samples of popcorn
kernels at various supermarkets, hypermarkets
and producers for quantification of multi-
mycotoxins. These samples were intended for
human consumption. In the laboratory, the
samples have been homogenized by grinding.

2.3. Extracion

About 2 g of crushed maize (2.0 £ 0.1 g)
was weighed in 50 ml polypropylene tubes.
Internal standard (zearalanone) (100 pl of 10
Mg / mL). Subsequently, the corn was extracted
with 10 mL of 80% (v / v) acetonitrile for 1 h at
110 rpm. After centrifugation at 3000 rpm to 10
min, the supernatant was removed to another
Falcon tube and samples were re-extracted
with the same volume of 80% (v / v) acetonitrile
for 1 h. After centrifugation (3000 rpm, 10 min),
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supernatants were collected. For analysis of
fumonisins, one ml of the extract was diluted
with 1 ml of ultra-pure water. For the analysis of
the other mycotoxins, 8 mL of the extract was
transferred to a 15 mL Falcon tube and
evaporated to dryness under a gentle stream of
nitrogen at 40 C. The residue was redissolved
with 1 ml of 40% (v / v) acetonitrile, vortexed for
30.

Figure 1. Ultra-High-Performance Liquid
Chromatography, internal standard (Zearaleone),
maize centrifugation, and all samples

2.3.1. Spiking experiment

Calibration standards were prepared by
spiking blank sample of maize with 6 different
concentrations of multimycotoxins standard
solution prepared in acetonitrile 80% (v/v),
thoroughly mixed and kept at ambient
temperature in the dark for 30 min. Afterwards
extraction was performed as described in sub-
section 2.3.

2.4. Identification of mycotoxins

The identification and data processing were

made  through the PeakView™ and
MultiQuant™  (SCIEX, Foster City, CA)
softwares.

3. Results and discussion
3.1. Development and validation of
UHPLC-ToF-MS method

OTA and ZEA could be studied under
positive and negative mode electrospray
ionization (ESIp and ESI) [5]. However, the
other studied mycotoxins were determined in
ESI p mode, consequently, this mode was
selected in order to determine all the studied
mycotoxins. The developed method included a
two-step extraction with acetonitrile 80% (v/v).
Peak resolution of the twelve mycotoxins was
achieved in a chromatographic (Fig. 5, 6 e 7).
The optimized method was validated according
to the criteria defined by Commission
Regulation (EC) No, 401/2006 which
establishes the methods of sampling and
analisis for the official control of the levels of
mycotoxins in foodstuffs. Comparison between
the assigned contamination levels of the CRMs
and the measured values by UHPLC-ToF-MS
is presented in Table 1 and shows excellent
agreement for the evaluated mycotoxins
(aflatoxins, fumonisins and ZEA).

Table 1 Contamination levels of the certified
reference materials (maize)

Certified Mycotoxin Assigned Satisfactory Measured
control contamination range value
material level (ug/kg) (pg/kg) (pg/kg)
MA1750-1/ AFB1 9.34 5.23-13.4 8.66
CM AFB2 0.42 0.24-0.60 0.52
AFG1 1.57 0.88-2.26 1.06
AFG2 traces
AFB1+ 115 4.32-18.8 10.2
AFB2+AFG1
+AFG2
FB1 2545 1272-3817 2370
FB2 608 399-818 482
FB1+FB2 1714-5143 2852
MA1764/ ZEA 190 112-269 199

CM

Fumonisin B1

S W B T

Figure 2. Chromatogram of a blank maize
sample Fumonisin B1 (FB1)
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Figure 3. Chromatogram of a blank maize
sample Fumonisin B2 (FB2)

3.2. Occurrence of mycotoxins in maize

FB1 was detected in four samples (in the
second, third, fifth and tenth samples). FB2 was
present in the second, third and tenth sample.
The last mycotoxins we found were Aflatoxins
B1 in the second sample. All the samples were
negative for the other mycotoxins under study.
Table 2 compiles the results of these samples
for FB1, FB2 and Aflatoxins B1

a9

“21  Aflatoxin B1
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Figure 4. Chromatogram of a blank maize
sample Aflatoxin FB1 (AFB1)

Fumonisin B1
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Figure 5. Chromatogram of a third sample
(positive)

Fumonisin B2

Figure 6. Chromatogram of a third sample
(positive)
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Figure 7. Chromatogram of a second sample
(positive)

Table 2 Result of the twelve samples of maize
LoQ-125 pg/kg; LoD-62.5 pg/kg; Undf.-

Undefined
Mean + Samples
SD (ug/kg) #

FB1 FB: AFB1
1 1332.0 3542 0,56
2 519.9 74.6 Undf
3 <LoD Undf Undf
4 137,35 Undf Undf
5 <LoD Undf Undf
6 <LoD Undf Undf
7 <LoD Undf Undf
8 <LoD Undf Undf
9 618.5 1544 Undf
10 <LoD Undf Undf
11 <LoQ Undf Undf
12 <LoD Undf Undf

Figures 5, 6 and 7 are examples of positive
chromatograms and Figures 8, 9 and 10 are
negative examples.

172



Hands-on Science. Science Education. Discovering and understanding the wonders of Nature

© 2020HSci. ISBN 978-84-8158-841-5

Fumonisin B1

Figure 8. Chromatogram o fan eleventh
sample (negative)

Fumonisin B2

Figure 9. Chromatogram of an eleventh sample
(negative)

Aflatoxin B1
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Figure 10. Chromatogram of a fifth sample
(negative)

4. Concluding remarks

It is of utmost importance to control
mycotoxins in food chain due to the severity of
adverse health effects, from toxic acute to
chronic, in both animals and humans [4,8]. The
update of legislation is also important to meet.
The update of legislation is also important to
meet the advances of high-resolution analytical

techniques and to assure the protection of
individuals. The analytical UHPLC-ToF-MS
method developed and validated in maize is an
excellent tool to monitor the levels of
mycotoxins in this cereal [5].
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