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Foreword

Advancing Science. Improving Education

Back in 2004 the first annual Hands-on Science international conference was
successfully organized in Ljubljana. The main theme of the conference was
“"Teaching and Learning Science in the XXI Century”. We intended to draw a
picture of the current situation of science education in Europe and in the world
and to point out ways of improvement in line with the Hands-on Science
Network rational. Along the years a large number of excellent, pedagogically
and scientifically, papers support materials and remarkable and inspiring
examples of good practices were presented at our conferences and published
in the sixteen proceedings and books we edited.

Sadly in this XXI century many of us are noticing an unexpected civilizational
regression hard to accept and to understand on view of all remarkable
progress achieved on previous decades. Fortunately Science keeps evolving
and opening new and better development ways to a better future to
humankind.

The book herein aims to contribute to the advancement of Science to the
improvement of Science Education and to an effective implementation of a
sound widespread scientific literacy at all levels of society. Its chapters reunite
a variety of diverse and valuable works presented in this line of thought at the
15™" International Conference on Hands-on Science “Advancing Science.
Improving Education” held in Barcelona, July 16 to 20, 2018.

Vila Verde, Portugal, June 11, 2018.

Manuel Filipe Pereira da Cunha Martins Costa
Editor in-chief
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Crazy about Biomedicine: A
Hands-on Initiative Run by a
Research Centre to Nurture a
Vocation for Science among
Secondary School Students

JJ Guinovart
University of Barcelona, Spain
Joan.guinovart@irbbarcelona.org

Abstract. The Institute for Research in
Biomedicine (IRB Barcelona) is a world-class
research centre devoted to understanding
fundamental questions about human health and
disease. In addition to conducting
multidisciplinary research of excellence, IRB
Barcelona is committed to maintaining an open
dialogue with the public about our work. In this
regard, one of our flagship programmes is the
Crazy About Biomedicine course. Aimed at
secondary school students in their first year of
baccalaureate, this mentoring programme
seeks to foster passion for science and
promote science as a vocation. Over the year-
long course, students participate in a series of
workshops and hands-on sessions in which
IRB Barcelona researchers serve as mentors in
the lab and provide training on state-of-the-art
research.

Keywords. Education, Engaging teenagers,
Scientific Vocations, Young Talent.

1. Introduction

The Institute for Research in Biomedicine
(IRB Barcelona) is a world-class research
centre devoted to understanding fundamental
questions about human health and disease.
Founded in October 2005 by the Government
of Catalonia and the University of Barcelona,
IRB Barcelona belongs to the Barcelona
Institute of Science and Technology (BIST).

One of the missions of IRB Barcelona,
besides conducting multidisciplinary research
of excellence, is to maintain an open dialogue
with the public about our work. In this regard,
since its very beginning, the Institute has
designed and implemented a wide variety of
engagement and education activities [1].

We believe that it is paramount that
research institutes like ours organise activities
for the public. This approach serves a double

purpose. First, it allows us to be open about the
research we do (in part financed by public
funds). And second, it allows us to foster
scientific culture in society and a vocation for
science among its youngest members.

——

Figure 1. A PhD student from IRB Barcelona
explaining her research to secondary school
students

As a high-level training institute, we provide
young researchers with the tools and training
opportunities to empower them to effectively
communicate their research (Figure 1). Beyond
communication to scientific audiences, we also
seek to instill the importance of public outreach
in our young researcher community. Our
science  engagement and educational
programmes are aimed at different segments of
the public, ranging from primary school
students and secondary school students and
teachers, to general adult audiences.

IRB Barcelona has its own in-house
outreach programmes but also partners with a
number of institutions, including the Barcelona
Science Park, the Fundacié Catalunya-La
Pedrera, The Barcelona Institute of Science
and Technology, and the Barcelona City
Council, among others.

IRB Barcelona firmly believes that
interactions between researchers and society
are mutually beneficial. Consistent with this
stance, we channel considerable efforts into
maintaining an open dialogue with the public,
thereby strengthening the bonds between
science and citizens with the aim to contribute
to a more informed society.

2. The Crazy About Biomedicine Course

Aware of the need to provide secondary
school students interested in life science with
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hands-on experience, IRB Barcelona devised a
tailor-made course to fill this need.

In 2013, we launched the first edition of the
Crazy About Biomedicine course [2], a training
initiative that is now in its sixth year. Aimed at
secondary school students in their first year of
baccalaureate (around 17 years old), it is given
exclusively in English and it is held on IRB
Barcelona premises on Saturdays over 12
months. The course provides a series of
lectures (Figure 2) and sessions in research
labs (Figure 3) in which participants are guided
by PhD students and postdoctoral fellows.

Figure 2. Crazy About Biomedicine students
attending a lecture on cancer research by a PhD
student from IRB Barcelona

Each year this course receives around 400
applications from all over Catalonia. Applicants
are required to provide a letter of motivation
and a letter of recommendation from their
science teacher. A short-list of about 80
candidates is drawn up and the selected
students are invited to an interview, which is
also held in English. Of these, 24 students -
some from as far away as 200 km- are offered
a place on the course.

About half the participants go on to medical
school, while a similar number move into fields
of basic molecular life sciences, such as
biochemistry, biomedicine, and human biology.
A few others enter chemistry, physics, and
engineering.

In addition to providing secondary school
students with a learning opportunity, the course
allows IRB Barcelona PhD students and
postdoctoral fellows to gain teaching

experience and awaken a vocation for

education.

Figure 3. Crazy About Biomedicine students
in two hands-on workshops held in IRB
Barcelona laboratories

3. Beyond Crazy About Biomedicine

The success of the first Crazy about
Biomedicine course launched by IRB Barcelona
six years ago has led to its format being
adopted for other disciplines, such as
biochemistry, physics, mathematics, and even
economics, which are now included in the
“Crazy about Science” Programme run by the
Fundaci6 Catalunya-La Pedrera [3].

It is hoped that this programme will continue
expanding so as to give budding young
scientists in all disciplines the opportunity to
explore real research.

In parallel to the Crazy About Biomedicine
course, IRB Barcelona also gives students the
opportunity to do their secondary school
science project ("Treball de Recerca") under
the tutelage of an IRB Barcelona researcher.
These researchers work alongside the students
throughout the planning, experimental design
and execution of the project, and teach them
the importance of the scientific method as the
backbone of all rigorous scientific inquiry.
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Furthermore, IRB Barcelona has launched
the Crazy Club, a new initiative to give former
participants in the course the chance to keep in
touch. Regular meetings are organised by a
committee (formed by students from different
years) to foster a network of young people
interested in developing a career related to
biomedicine. The meetings also include training
sessions on new skills, such as time
management, public speaking, team working
and research integrity. Furthermore, senior
alumni mentor younger ones throughout their
university studies. The Crazy Club already has
more than 140 members and will continue to
grow as more students complete the course
and sign up to join a big family of crazy
contacts.
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Socio-Environmental Science
Investigations: Hands-on Active
Learning with Geospatial
Technologies

A Bodzin', K Popejoy?, T Hammond'",
D Anastasio', B Holland', D Sahagian’,
S Rutzmoser', J Carrigan', W Farina'
'Lehigh University, USA
2Popejoy STEM LLC, USA
amb4@lehigh.edu

Abstract. We have developed, implemented,
and evaluated a series of innovative socio-
environmental science investigations (SESI)
using a geospatial curriculum approach that
has provided economically disadvantaged
secondary students with technology-rich,
spatial learning experiences to develop science
data gathering and analysis skills. SESI are
based on the pedagogical frameworks of place-
based education and socioscientific issues-
based instruction. Place-based education
focuses on local or regional investigations, is
designed around engaging students in
examining local issues [1] and utilizes field-
work to gather evidence in that local setting [2].
Place-based education connects learners to
their immediate environment and can provide
opportunities to empower students to address
important  socio-scientific issues in their
communities.  Socio-scientific  issues are
socially relevant, real-world problems that are
informed by science and often include an
ethical component [3]. They are sometimes
controversial in nature, but have the added
element of requiring a degree of moral
reasoning or the evaluation of ethical concerns
in the process of arriving at decisions regarding
possible issue resolution [4]. These issues
require the use of evidence-based reasoning,
and provide a context for understanding
scientific information using an active approach
to learning, placing science content within a
social context in a way that supplies both
motivation to and the ownership of learning by
the student [4].

With SESI, students explore local issues
through a sequence of inquiry investigations.
During the investigations, students use iPads
with built-in GPS utilizing a map-based data
collection app (Esri’'s Collector app) to gather
data outside their school. The student-collected

data is then shared into a Cloud-based map
service over the Internet. The collaboratively
created data set is displayed in ArcGIS.com, an
interactive Web-based GIS (or Web GIS), along
with other important contextual georeferenced
data for each investigation (for example land
use type, tree density, ground surface type, city
tree planted species, personal and property
crime, and others). The Web GIS includes a
suite of tools that students use to manage,
query, and analyze the geospatial data. They
use geospatial thinking and analysis skills for
exploring spatial relationships in the data, and
also critical thinking skills to synthesize,
compare, and interpret georeferenced data to
investigate problems in their local environment.
Here we present two SESI investigations: (1)
Trees and Ecological Services, and (2) Urban
Heat Islands.

In the Trees and Ecological Services
investigation, students observe the different
types of vegetation around their school and
throughout the city to wunderstand the
environmental and societal benefits that trees
provide to their community. In the first step of
this investigation, students explore with iPads
to identify and collect data on the trees that
surround the school. Students use a tree
dichotomous key iBook that they are presented
with  a series of choices about the
characteristics of trees. Using the iBook,
students characterize the main features of the
trees (such as leaf shape, vein arrangement,
types of fruits, etc.) by reading through a series
of questions accompanied by displayed sample
images. They use these features to identify the
tree species and learn if trees are native or
exotic species. Students also measure the tree
circumference and estimate the tree height.
Students’ data are entered into a map-based
data collection app (Esri’'s Collector app). After
returning to the classroom, students view all
collected data and compare their findings with a
data layer of planted city trees provided by the
local shade tree commission. Drawing on both
sets of data, they are tasked with identifying
tree planting patterns and thinking about
benefits of planting shorter trees in certain city
locations, for example, under power lines and
other obstructions. The investigation then
requires exploring the ecological services
provided by trees (energy savings, air pollution
removal, storm water catchment, carbon
dioxide reduction, and aesthetics), and
calculating a monetary value for these services
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for the trees surrounding their school.

Next, students examine neighborhoods in their
own city—what social benefits do trees appear
to provide? To simplify the task, we set up
specific areas for investigation in the GIS maps
used for the analysis: combinations of three city
census blocks that contain variation in key
factors, such as tree canopy cover and crime
rate, to allow students to see how these factors
are interrelated. Students are assigned a
specific area on the interactive Web GIS map
and must identify patterns in the percent of tree
canopy cover (whether high or low), and
personal and property crime rates (whether
high or low) in that selected area. To
investigate the relationship among trees and
personal and property crime in their city, the
entire class combines their collected tree data
from across the student groups into a shared
data table. Using these data, students identify
the relationship between tree canopy and
personal and property crime. While some
students are able to detect the pattern
immediately, we arranged the data table to
allow the teacher to scaffold the process for
identifying patterns and relationships among
the different data layers. The pattern observed
in this investigation is similar to those reported
in Baltimore, USA and other cities where
greener neighborhoods have significantly fewer
crimes than non-vegetated areas [5]. However,
correlation may not reflect causation, as there
may be other mitigating factors at work.

A final motivating feature of the SESI activities
is their social relevance to the students. At the
end of the Trees and Ecological Services
investigation, students apply their new
knowledge to their local neighborhoods: How
can you improve your local neighborhood using
the information you learned in this
investigation? Students are invited to take
pictures to document their neighborhood and
annotate the GIS map to suggest changes that
will enhance the environmental and/or societal
health in their community. Thus, the SESI
investigations involve decision-making that is
based on the analysis of scientific data
connected to relevant social science content,
and include implications for social equity and
advocacy.

In the Urban Heat Islands SESI activity,
students learn about heat absorption and re-
radiation from different parts of the natural and

built environment, culminating in proposed
changes to neighborhoods that would reduce
the heat island effect. The first step in the
lesson is a presentation from the teacher about
the scientific concepts involved: What is
temperature and how do we measure it? What
is the difference between air temperature and
ground surface temperature, and what are the
sources of heating and cooling effects on both?
What is a heat island, and why is it an urban
phenomenon rather than a rural phenomenon?

After the content background presentation,
students download a map of a sampling area to
the Esri Collector app. Next, they move outside
with GPS-enabled iPads and infrared surface
temperature thermometers. Working in pairs or
trios, students orienteer to an assigned zone on
the school property where they obtain
temperature readings from various surfaces
found within their zone, including grass, dark
and light asphalt, concrete, bare soil, and other
surfaces they may observe.

Once back in the classroom, the data from the
individual iPads are synced into a aggegated
dataset. Next, the students work in groups to
examine the collected data using ArcGIS.com
and observe the patterns in temperatures
recorded on different surfaces (for example,
dark asphalt vs. light asphalt or concrete vs.
grass), and under different conditions (shaded
vs. unshaded or morning vs. afternoon). Using
the Web GIS, students observe the contrasts
between shaded areas, such as tree-lined
areas along sidewalks, versus the hotter
temperatures recorded in the middle of the
parking lot. Students analyze data to
understand temperature differences from
sunlight absorbed and retained in dark asphalt
surfaces over the course of the day. This
analysis is used to reinforce concepts about
heat absorption and re-radiation, and how
albedo and shaded areas can reduce this
effect.

In the next step of the investigation, students
deepen their analysis using a GIS map of the
land cover in their city. This map displays both
built environment features (e.g., structures,
roads, impervious surfaces such as parking
lots) and natural features (e.g., vegetation and
tree canopy, particularly trees that shade
structures and roads) that help reduce the
urban heat island effect. Working in groups,
students focus on an assigned neighborhood in
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their city to examine the land cover and discuss
how it contributes to the urban heat island
effect.

After considering possible mitigation strategies,
students propose several changes for their
assigned neighborhood. For example, students
have suggested creating shade by adding rows
of trees within parking lots, converting dark
rooftops to light-colored rooftops, modifying
large commercial structures such as office
buildings to incorporate green roofs, and have
offered other recommendations that increase
albedo and decrease solar energy absorption
by a surface. Students then use the suite of
draw tools to make these changes on their
ArcGIS.com map and submit  their
recommendation electronically to their teacher.

Keywords. Web GIS, socio-environmental
science, place-based education.
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Abstract. In 2018, the scientific community
commemorates the centenary of the birth of
Richard Phillips Feynman, who won the Nobel
Prize in Physics in 1965, Feynman has been
considered the most important physicist of the
20" century after Einstein, but his fame comes
not only from his research. The conference
presents the life and facts of Richard Feynman,
and his particular desire to make science to
students understandable. We will discuss the
use of analogies from Feynman and the author,
and the advantages and limitations of the use
of that tool on teaching.

Keywords. Analogies, Feynman, history of
science.

1. Introduction

There are not many scientists identified as
icons by the general public. In Figure 1 are
shown some of them, along with some related
scientific icons. Richard Feynman is not yet
known to the public, although he is considered
the second physicist of the 20" century after
Einstein, and his life and facts would justify a
more extensive fame. Figure 2 shows one of
his typical poses, as well as the diagrams that
have given him fame among the physicists.

2. Life and facts

Figure 3 summarizes the main moments of
Feynman's life. His work starts at a plastic
company, and his interest in the research in
physics at Princeton, from which his
participation in the Manhattan project in Los
Alamos would be derived, for the development
of the American atomic bomb. This allowed him
to be in contact with the most important
American and European physicists fleeing from
Nazism. Later he moved to Cornell University
and then finally moved to Caltech due to his
interest in teaching.

Throughout his life he developed basic
research in different fields, such as quantum
electrodynamics (QED), for which he received
the Nobel Prize in 1965, together with

Schwinger and Tomonaga (Figure 5). The
weak interaction between atomic nucleus
particles and the superfluidity of liquid helium
were other issues that he developed.

Stophan Hawking

Figure 1. Some famous scientists and scientific
icons

Feynman diagrams

Richard Feynman

Figure 2. Feynman and one of their diagrams

He received several awards and
recognitions throughout his life. Feynman did
not work in nanoscience, but one of their
visionary conferences is considered the
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beginning of this science and the
nanotechnology related, which today have
great development (Figure 4).

3. Personality

Feynman's personality was very versatile. Its
main feature was creativity in all fields of life,
including private life, and the obsession with
transmitting information clearly. He was very
skilled in calculating and encrypting, fixing
radios, opening safes and inventing
mathematical games, which he resolved easily.

1918 Born in New York

1939 Graduated atl Massachussets Institute of Technology (MIT)
1940 Work at Metaplast Corporation

1941 First wedding Arlene Greenbaum (+1946 tuberculose)
1942 Ph.D. at Princeton (director Wheeler, quantum mechanics)
Project Manhatian at Los Alamos. Oppenheimer, Fermi, Bohr,
Teller. von Neumann.

1946-1951 Comall University with Bethe i Gibbs

1950 Brasil: paint, samba, bongos, prostitution, topless, cannabis
and LSD

1950 to 1988 Caltech [professor of Theoretical Physics). He
preferred Caltech to Princeton because of having contact with
pupils

squantum slectrodynmmic Susnfum g ity
halivm wperfluidieg

“wiash interactian

sFaymman disgrems (useful for swings teary)
sLectisret on Physice (Qerried owavd]

1952 Second wedding, with Mary Louise Bell. Short and fiasco.
Third wedding with Gweneth Howart (UK}, 1 son and 1 adopted
daughter

1954 Albert Einstein award , Princeton

1959 Lecture There's plenty of room at the bottom

1961 Lectures on Physics to undergraduates, Caltech

1962 Lawrence award

1965 Nobel Prize on Physics, with Tomonaga i Schwinger

1986 Comission Rogers project Challenger

1987 Cancer

1988 Die at Los Angeles, 69.

Figure 3. Some facts of the Feynman's life

He married three times with a different
fortune. His first wife died of tuberculosis while
he worked in Los Alamos. He divorced shortly
after marrying his second wife. His third
marriage was lasting, and structured on the
basis of broad freedom of movement. That
allowed him to travel and have friendships that
went beyond what was considered orthodox in
his environment. His stay in Brazil during a
period of depression and personal difficulties
led him to learn to play bongos and other
musical instruments, and to parade with a
samba school.

4. Didactics and analogies

He had a great concern to explain clearly in

his classes and in his lectures. To facilitate the
visualization of his theorem of quantum
electrodynamics (QED) he developed the
diagrams that now bear his name, which
summarize complex complicated visual
theoretical equations. Figure 6 shows some of
these diagrams, which have appeared on
television series such as The Big Bang Theory.
This led him to raise the design of a physics
course for newcomers in Caltech.

"There's plenty of room at the bottom"

{Faynman, lecture at Caltech 12th Dec. 1959)

Fist dess sbout mamostience and nanotechnology

. top-down, bottom-up
| ' |

Manopariculis
Figure 4. The beginning of nanoscience

The Nobel Prize in Physics

Fanmrastic Vopage
Rickiard Fleische,
st Asimaw [1966)

A\

Julian Schwinger
Prize thare 173

Sin-Itiro Tomonaga
Prize share 173

Richard P. Feynman
Prize share: 171

The Nabel Prize in Physics 1965 was awarded jointly to Sin-itiro
Tomonaga, Julian Schwinger and Richard P. Feynman “for thedr
Ffundamental work In quantum électrodynamics. with deep

plaughing consequences for the physics of elementary particles®,

Figure 5. Nobel Prize 1965

His course consisted of conferences Master
lectures given by himself, and by seminars of
problems given by his assistants, along with
laboratory classes. All the documentation was
collected in three manuals that continue to be
published and that probably were the teaching
books of physics most appreciated by the
teachers, but not so much by the students. The
purchase and study of one of these manuals in
bilingual edition has been for the author one of
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their sources of inspiration (Figure 7).

In that text [1], Feynman posed different
analogies between the physical world and
everyday life. The first of them is the analogy
between the principle of energy conservation
and the conservation of the number of pieces of
a child building game (Figure 8). In the text it
indicates that each block weighs 3 ounces, and
that when it is thrown into the tank, the water
rises to 0.25 in. It suffices to weigh the box and
measure the height of the water to see that the
number of blocks is conserved.

Feynman diagrams (154s)

Figure 6. The Feynman diagrams

The prudent use of analogies is an effective
resource in teaching, provided that ideas that
the analogy does not allow are not
extrapolated. The author has developed
several analogies for the teaching of chemistry

which is shown in Figure 9. It is about
explaining the difference between
thermodynamics and kinetic in chemical

reactions, using the analogy with an exam. The
students often complain that they lack time to
finish it, because they have a "thermodynamic"
vision of an exam: they assume that in infinite
time all the students could obtain the maximum
note. Instead, teachers usually have a vision
that combines thermodynamics and kinetics:
with more time maybe some students could get
better grades, but many others could not
because they could not get never at 100%.

Figure 7. The Feynman Lectures on Physics Vol

I, bilingual edition

nl
(7 iz " ha
—_ EEEE imlim!

[numberal Blocks wen) +

[weight of box] - 16 ounces) [/ 3 cunces +
[height af water] - 6 inches] /0,25 inch

= ponstant

Figure 8. Analogy between the energy
conservation and the conservation of blocks

Figure 9 graphically shows the two visions.
An infinite time test would show if the final
results are grouped around 100% (view of the
students) or if they continue to distribute the
results across the range of values (teacher's
vision). At the department of the author, some
years ago, an experiment was performed in
such conditions, meaning "infinite time" the
time that students required (up to 8 hours the
student who resisted more) and the result gave
reason to the teacher's vision, as expected: the
distribution of marks extended between 0 and
100%, as in other exams with a limited time.

5. Some quotations

Feynman has been famous due to the big
number of quotations included in their books
and speeches. Some of the most known are
the following:

e It you though that the science was
certain - well, it is just an error on your
part.
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e | think it's much more interesting to live
not knowing that to have answers which
might be wrong.

e Religion is a culture of faith; science is a
culture of doubt.

e Study hard what interests you the most
in the most undisciplined, irreverent and
original manner possible

e | learned very early the difference
between knowing the name of something
and knowing something.

| wonder why. | wonder why
| wonder why i wonder

I wonder why | wonder why
| wonder why | wonder !

Ref. [5] is just devoted to list hundreds of
quotations by Feynman.

gaussian
distribution

ALWAYS

“an exam
measures
velocities"

F =
gaussian

o distribution e
AL infinete hime
all will arrive 1e 107

Figure 9. Analogy between the principle of
energy conservation and an exam

6. Popular physics

The popular recognition of the figure of
Richard Feynman was due to a set of factors
such as his personality. Certain public

performances gave him media fame. Probably
the most important was a TV performance. On
January 28, 1986, the Challenger shuttle
exploded 73 seconds after its takeoff and its 7
crew died. Many U.S. schools were watching
the operation because a school teacher was
one of the crew, and many activities had been
planned in the classes.

The social impact of the accident was very
important, and an official commission was
created to determine the cause of the accident.
Feynman was asked to participate, but he
preferred to work from outside the commission.
He disagreed with the results of NASA in a
public demonstration on television. He showed
in a home experiment with a glass of water ans
some ice that an O-ring of one of the tanks lost
flexibility at low temperatures.

1064 2

«STA SCHERZANDO,
MR, FEYNMAN!

Figure 10. Covers of the books [2-4] in Spanish,
Italian and Spanish translations

He also devoted himself to the art world,
collaborating with plastic artists. For example,
he helped Jeff Koons in the design of his "One
Ball Total Equilibrium Tank" (1985), where a
basket ball floats in equilibrium in the center of
a water box.

Feynman wrote several books about their
ideas about science and its methodology [2],
and his sense of life [3]. A very clever
biography as a comic book [4] (Figure10) has
been written.

Richard Feynman died of cancer in Los
Angeles in 1988.
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Abstract. In most of popular science

education activities, the wind-turbines, which
are made by participants, are oversimplified. In
the past two decades the author has been
emphasizing importance of teaching the
scientific principles of professional wind-turbine
in science activities. The author also has been
advocating the science education of
professional wind-turbines in order to teach the
related precious fluid mechanics knowledge.
However, the process of making professional
wind-turbines, which were made of wood, is
rather complicated and not conducive to
promotion of teaching professional wind
turbine. In this article, the author presents a
quasi mould method to make professional
wind-turbines in  more convenient way.
However, the simplified wind turbines, which
possess the vital features of professional wind-
turbines, still conform to the principles of
modern wind-turbines. Such a wind-turbine still
has the performance of a professional wind-
turbine and can still be used to carry out the
scientific education of wind-turbines, which
highlights the principle of modern wind-
turbines. This alternative approach has broken
through the bottleneck of previous professional
wind-turbine science education. The costs and
manpower requirements of these activities, and
problems of polluted the site have been limited
to a fully viable range.

Keywords. Wind-turbine, lifting force, angle of
attack, airfoil.

1. Introduction

Many popular science education activities
are related to wind turbines. In most of science
education activity, wind-turbines are often
made from cut espresso bottles or balsa wood
thin plate. Because the shape of the blade and
the airfoil of the blade cannot be modified to
meet the scientific principle of modern mature
wind-turbine, it is not easy to incorporate
concepts such as angle of attack, lifting force,
drag force, stall, relative speed, and work in the

wind-turbine science education activities. In
fact, among these science education activities
of wind-turbines, some of the most interesting
and valuable science and education priorities
can all be enriched, if participants can have a
chance to make a modern wind-turbine.

The author advocates that the professional
wind turbines, which expound the basic
principles of commonly used horizontal axis
lifting-force type wind-turbines, can be made by
participants [1]. From the perspective of the
lifting force and the angle of attack of an aircraft
wing, the most important function of the wind-
turbine is to let the wind do positive work on the
wind-turbine. Therefore, the angle of attack in
each section of the wind turbine blade must be
reasonable in order to generate adequate lifting
forces exerted in each section of the blade and
make the wind-turbine run normally.

Using wood as a raw material, the author
produced wooden wind turbine with relevant
appropriate pitch angles in every sections of
the turbine blade. However, in the process of
making wood wind-turbine blades, water-jet
cutting, jigsaws, and sand grinders are used.
The procedures are complicated and expensive
and generate a lot of dust and sawdust.
Furthermore, the annoying noises can not be
avoided.

Figure 1. The person with red clothes is a
teacher

Even in the situation, many hobby teachers
unwaveringly put their full energy into the wind-
turbine science education and disregard the
fact that the teaching activities make them-self
(Figure 1) and the classroom messy and dirty.
Although the wooden wind-turbine blade can
truly conform to the scientific principles in the
two aspects: the airfoil of the turbine blade and
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various pitch angles in various sections of the
blade, dust is harmful to health and also causes
difficulty in site cleaning. This problem became
a major obstacle in promotion for the wind-
turbine science education in the past several
years.

After doing a lot of preparatory works and
practices, the author can produce a wooden
windmill turbine, of which the length is 70
centimeters, in about 20 minutes at the final
stage. Many teachers continuously have put
them-self into practice with enthusiasm and
vitality. However, we have not been able to
break through the bottleneck of popularization.

In this article, the author developed a wind-
turbine  making procedure. Through the
procedure, in which the mould technique has
been partially utilized, people can make a wind
turbine that possess the vital features of
modern wind turbine and therefore learn the
relevant principles of professional wind-turbine.
Although the airfoil of the turbine can not be
satisfied completely, the pollution in the making
process can be ruled out.

Although the airfoil of the turbine is not
perfect, the effect of this disadvantage can be
ignored when the size of the turbines is limited.
The wind-turbine made through the innovative
process retains the knowledge content of most
professional  wind-turbines. The  making
procedure, which significantly reduces the cost
and manpower for preparation, greatly reduces
waste pollution on the site and makes
professional wind-turbine scientific education
popularized easily in the near future.

2. The principles of modern wind turbine

At present, the most commonly used wind
turbines for producing electricity are called
horizontal axis lifting-force type wind-turbines.
Why is it called a lifting-force type wind-turbine?
It is because of how this wind-turbines work. In
fact, the principle of the modern wind turbine is
consistent with the principles of the aircraft
wing and also of sailboat.

There are various airfoils with different
performances. Due to various flight
requirements, the wing of an airplane has a
suitable airfoil. The airfoil also affects the
relationship between attack angle and lifting
force. On the other hand, in most of the time

sailboats also utilize the lifting force of the sail
to propel forward the boat. Figure 2 shows that
when wind comes from left side how the lifting
force of the sail propels the boat. As the speed
of the ship increases, the angle of sails needs
to be adjusted to take full advantage of the
lifting force of the sail (Figure 2).

relative
wind speed speed of sailboat

to sail T
/\ /m

“sail of a
sailboat

wind
%. .
stationary “sailofa
sailboat sailboat |

Figure 2. A sailboat is driven by the lifting force

Because the wind-turbine is a rigid body, the
speed of the tip of the turbine blade is faster
and the speed of the blade root is slower.
However, the speed of wind could be assumed
to be constant in the space occupied by the
wind turbine. Therefore, in order to provide
sufficient lifting force for each section of the
blade with a proper angle of attack, the shape
of the wind turbine blade shall be carved in a
reasonable manner [2] (Figure 3). The key
issue is that the pitch angles of every sections
of the turbine shall be changed gradually and
then the angle of attack of each section shall be
within a reasonable range when the turbine is
rotating.

The performance of modern wind-turbines is
mainly determined by four factors:

1) The pitch angle of each section of the
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turbine should make the angle of attack
within a reasonable range while wind
turbine is rotating. When the wind-
turbine rotates, no stall or negative
angle of attack can occur in each
section of the wind turbine blade.

2) The airfoil should generate as much the
rate between lifting force and the drag
force as possible in favor of guiding the
air current smoothly and efficiently.
However, when the turbine is carved,
some compromises will be made
between ideal designing and structural
safety.

3) The ratio between the total area of the
blades them-self and the area swept by
the blades should be appropriate. This
requirement, in principle, is for avoiding
airflow  disturbances between the
blades. This appropriate ratio can be
determined according to existing
empirical values.

4) The shape of the front face of the
turbine is also related to the turbine's
performance. The influence of this factor
is relatively insignificant, so most of the
blades are only made of long strips with
wider roots.

e speed of Hip seclion
relathve speed of wind

ba the tip section ol the -
harkss
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phich angle  ®™%
the spesd of ihe ghoan saction |

Feltive spesd of wind
1o ihe the glves section of the
turbing
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Figure 3. Pitch angles of every sections shall be
reasonable

It is not difficult to make a wooden wind-
turbine blade that meets the above conditions.

The modern wind-turbine's performance is
better than that of wind-turbines in current
popular science activities in Taiwan. The author
cooperated with Taichung Chulu Junior High
School which was led by the headmaster Zhuo.
He successfully held the Tai Dong County's
Wooden Wind-turbine Production (Wind Power
Generator [3-4]) Competition three times. Most
of the county’s schools participated in this
wonderful competition. It is observable that
every representative teams had made great
progress year by year.

3. The new procedure of making a
professional wind turbine

First of all, it shall be emphasized that a
wind-turbine differs from a propeller. To replace
a wind turbine by a propeller is obviously a
scientific mistake. The new procedure is related
to the common used mould technique. A PVC
plate, of which shape is made as that of a
turbine, is soften and deform in a mould-like
instrument by heat. And then it was cooled and
shaped. The new process is described as
follows.

Firstly the shape and size of the blade shall
be designed. Use a 1mm thick PVC plate as
the material of the turbine blade. The size and
shape are shown in Figure 4. In order to
decrease costs and take into account the
practical conditions of the science education
activities along with the effect of the
demonstration, the diameter of the wind-turbine
is usually not more than 45 cm. Because of the
smaller size of the wind-turbines, they can be
rotate at high speed even with the breeze from
ordinary fans.

Figure 4. The 1mm thick PVC plate is cut into
turbine shapes

Then a wooden mould is made. The shape
of the mould matches the shape of the PVC
plate roughly. On the one hand, pay attention to
the pitch angle of various sections, which
affects the angle of attack of each section of
the turbine during operation. From the root to
the tip of the turbines, the width of various
sections of the mould gradually becomes
smaller. On the other hand it is also very
important to make the approximate shape of
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upper part of the airfoil. For these purposes, the
sloping line relating to the trailing edge of the
wind turbine blade is plotted on the mould.
(Figure 5.a). And then gradually engrave and
polish the profile of upper surface of the turbine
on the mould (Figure 5.b). Of course, for the
sake of convenience, the original shapes of
PVC plate and that of wooden mould are cut
out with a water jet cutter.

Figure 5.a. The oblique line below the picture is
the trailing edge

Figure 5.b. The mold regulates the curved
surface of the wind-turbine

There are two small holes on the mould and
there are two relevant small holes in the root of
the blade of the PVC plate, so that both can be
locked with screws to be combined together.

Firstly, the PVC plate is fixed on the mold
with screws. Several small wooden blocks are
installed around the mould to make the PVC
plate more firmly placed in the mold to facilitate
the subsequent extrusion process (Figure 6).

Then use a hot air gun to heat the PVC plate
(Figure 7). The temperature of the hot air that
blows out is much higher than that of a hair
dryer. After about 15 seconds the PVC plate is
softened. Under the circumstances, the PVC
plate still maintains a generally flat surface, and
it must be pressurized to fit to the mould.

Figure 6. The PVC plate is fixed on the mold

Then use a hot air gun to heat the PVC plate
(Figure 7). The temperature of the hot air that
blows out is much higher than that of a hair
dryer. After about 15 seconds the PVC plate is
softened. Under the circumstances, the PVC
plate still maintains a generally flat surface, and
it must be pressurized to fit to the mould.

Figure 7. Heat the PVC plate on the mold with a
hot air gun. The tool that looks like a hair dryer
is a hot air gun

However, the soft PVC plate still tends to
return to the shape of the flat board. Therefore,
the pressure, exerted by gloved fingers, must
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be continuously applied. The PVC plate
gradually cools and does not return to shape of
the flat panel. If some parts of the PVC plate do
not fit to the mould perfectly and do not form
the desired shape of the design, the PVC plate
can be reheated to soften and repeat the
process. The author first squeezed the PVC
plate with a toothbrush or a gloved finger to
make it close to the mould below (Figure 8) to
form the final shape of the wind turbine blade.
During the continuous extrusion process, the
PVC plate cools down gradually and is
hardened (Figure 9). Finally remove the screws
and cool the PVC turbine further with cold
water to completely harden the shape.

Figure 8. The soften PVC turbine plate is
squeezed

Finally, four screws were used to combine
two blades with the middle hub of the wind
turbine (Figure 10) to create a wind turbine that
possesses features of modern wind turbine.
And making and operating it, participants can
learn rich knowledge of modern wind turbine.

Due to the simplicity of the process, that will
not produce dust and sawdust, it took about 10
minutes to complete one (Figure 11). However,
it takes less than 10 minutes to make the
turbine blades. Therefore, only 10 sets of
moulds are required for 40 people science
education activities. For combining a micro-
generator with the wind turbine, the activity time
is slightly increased to three hours and it is

already abundant. From the point of view of
preparation, as long as NT$1,000, 12 wind
turbine components can be produced. And if
the components are mass produced, the cost
per item should be further reduced. Gloves,
screwdrivers, moulds and hot air guns can be
reused.

Figure 9. The shape of the modern wind turbine
basically is formed after the PVC plate gradually
cools and hardens

Figure 10. Combine two blades with the middle
hub of the wind turbine

Figure 11. It takes much shorter time to make
the wind turbines

4. Performance of wind turbines made
with the hand on mould

The completed wind turbine, shown in
Figure 12, can rotate quickly in the wind, of
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which the speed is approximately 3-4 meters
per second, blown by a typical family fan. In
outdoor breeze it also has a good performance.
The experimental result shows that modern
wind turbines are better than general windmills
that are made of flat wooden plate or cut
bottles. Of course, such wind turbines, driven
by lifting force, suffer from relatively slow start-
up characteristics. Because the tiny wind
turbines, that meet the modern wind turbines,
are amazingly speedy (Figure 12), they can
often arouse people's curiosity and then inspire
them to explore the scientific principles.

Perhaps this is the essence of inquiry and

N

practical course!

—

Figure 12. The rotational speed can be nearly
600 rpm under the blow of a larger fan

5. Conclusion

The work in the paper is just a good
beginning for wind turbine science education.
The author still can further improve the making
process, in which a quasi mould technique has
been utilized in a simplified manner. The
corresponding mold above the mould is
produced. When hardening and setting the
PVD plate, it is not necessary to continuously
extrude the softened PVC plate. Directly cover
the upper mold, and then the wind turbine can
be done. It is a feasible way to press the
softened PVC plate with other deformable
weights. One blade can be composed of
multiple layers of PVC plates, that is, one layer
plus other layers to strengthen the strength of
the blade and slightly improve the airfoil of the
turbine blade. The wind turbine is different from

the propeller of the aircraft. Scientific education
is about seeking truth and seeking truth.
Therefore, it is not reasonable to replace the
wind turbine with the propeller of a toy aircraft.

The science education for wind power
technique is intrinsically very exciting. The
content includes: the relationship between lift
and drag to angle of attack, which is an
important knowledge of aviation engineering
[5], the principle of sailboat driving (this part
has its ancient history of development and the
amazing of modern high-speed hydrofoil
sailing); as well as the relative speed, the
principle of work, etc.. All the content, which
has a certain depth and breadth, yet is also
closely related to life, is an excellent part of the
inquiry and practice course. However, as many
teaching aids have remained relatively simple,
the enthusiasm of participants has gradually
declined in the past several years. The
successful development of this teaching aid will
help bring back the wind turbine related fluid
mechanics back to domestic science education
activities.
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Abstract. The ,Bertalanffy at COS* project
started in 2012 with the “Bertalanffy Lecture”.
The Centre for Organismal Studies (COS) in
Heidelberg is hosting twice a year a lecture
given by a wide-known researcher. This event
would not be special except for the fact that the
audience is not only other researchers but also
students and teachers from high school. The
Bertalanffy Lecture Series was installed with
the aim to provide a better understanding of
integrative approaches in systems oriented
biology both to pupils from the Heidelberg
region and to scientists on campus.

After more and more pupils asked about
working in the lab, the initiative went one step
further in 2014: eleven high school students
interested in developmental biology were
selected for the Bertalanffy practical course at
COS during summer holidays. For two weeks,
the students had the opportunity to step on
research laboratories and discover the
functioning and the everyday techniques.
During this time, they also had the chance to
talk to scientists doing research in these labs
and learn some  skills in  science
communication.

In 2016 COS expanded its contacts with
schools in the Heidelberg region. Not only the
pupils come to COS anymore. Things were
turned around and some scientists (PhD
students) went to high schools to explain their
research. The program was named “Science
Goes School”. The scientists gave a lecture in
front of a biology class. The students attending
this class were mainly in their last year of
school. The lecture not only focused on the
biological questions addressed in their research
and the techniques applied in the lab but the
scientists also talked about their scientific
careers including what did they study and why.
After the talk, there was some time for
questions and discussion with the students.

In conclusion the “Bertalanffy at COS* project is

a great way to bring cutting-edge sience to
those who will shape the future — the pupils.
Therefore, the Bertalanffy project will continue
running in the coming years and we are open to
new ideas as well as new international partners
willing to join this successful and ambitious
initiative.

Keywords. High school, university, public
outreach, science communication.

1. Introduction

Science communication is increasingly
recognised as a duty of scientists. It is very
important that the general public understands
basic scientific principles. This understanding
can help the society to make informed
decisions, which can influence not only science
policy and funding but also the quality of life.
However, scientists are not trained in science
communication [1]. For this reason, the
participation ~ of  scientists in  science
communication events will help them to
develop these skills and the society will also
benefit from this. Those events can be
addressed to different audiences. In this article,
we will focus on an initiative to bring science to
secondary school pupils.

The Centre for Organismal Studies (COS) in
Heidelberg organizes the Bertalanffy activities
for high school students since 2012. This
initiative consists of two lectures, one summer
practical per year and Phd scientist who give a
biology class in secondary schools [2-4]. The
Klaus Tschira Stiftung, a foundation that
organizes scientific activities for children and
young people as well as science
communication  activities,  supports  the
Bertalanffy activities at COS [5].

2. Bertalanffy Lecture

COS invites twice a year a wide-known
researcher who gives a lecture for the general
public. Mainly high school students and
teachers attend it. The lecture is not only
focused on the research of the presenting
scientist but also on his or her career. With this,
the students can learn from his or her
experience. The talk might also trigger their
interest in science and inspire them to follow a
scientific career. After the talk, the students are
divided into working groups of 10-15 students
together with a tutor (normally a PhD student or
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postdoc from COS). In these groups, they
discuss about the talk and solve the questions
that the students ask. Finally, all students get
together again with the speaker. A short final
discussion takes place to wrap up what the
students learnt and discussed. With these
lectures, the students and teachers leave the
classrooms and lessons for one day and get in
contact with the ongoing cutting-edge science

[2].
Table 1a. Speakers of the Bertalanffy Lectures

University/ Title of| Title o
Speaker Research lecture for lecture fp
Centre student scientig
Danaitmaniat Genetic Cell fate choice
Alfonso (';enetics alchemy and and decisions:
Martinez University of the making of | an embryeonic
as Cambridge, UK Blio ) e
embryos perspect
Leaves, ;
loops and  Hidden
Cell and RS signposts of
Enrico Coen developmental the ’ developments:
biclogy, John enaration of tissue polarity
Innes Centre, UK | 9 biological and its role in
i morphogenesis
Chair of Circadian
. Do you take
Russel N'Eﬁ'_;osﬁgzze' sleep and Light and time
Foster College your body —anew lock at
University of dlock the eye
Oxford, UK anrousty:
Klinische
Neurobiclogie, Can studies in
Universitats- Brain mice help us
Hannah klinikum/ plasticity, understand
Monyer Deutsches learning and how memory
Krebsforschungsz memory functions in
entrum, humans?
Heidelberg
Institut de Biclgie The regulatory
— du How did the mechanism of
PrBu::ll’.'lf:JTl::ne Développement fly get its morphological
de Marseille- spot? pattern
Luminy evolution
Stammzellen und | Cancer stem ?na:t:zai:d
Andreas Krebs, Deutsches | cells — the o Gl Sil'l
Krebsforschungsz | root of all evil s
Trumpp entrum, in cancer and he:naéosiﬁ’;?lc
Heidelberg metastasis?
tumors
Max-Planck .
Institute for enﬂii'i‘i::ta!
Omithology, Animals as SERSRG via tha
Martin Dept. of Migration | our eyes and i gf lobal
Wikelski and Immuno- ears in the mgven?a'lt
‘VEZ:II(\:%& i worid patterns of
Radolfzell’ animals:
The speakers are always, apart from

outstanding scientists, great lecturers able to
break down complex concepts into an
understandable way to reach their young and
challenging audience. The invited speakers as
well as their university or research centre of
origin and the topic of their lectures are listed in
Table 1. The main topics of the talks are
development, neurobiology and cancer. The
fact that the scientists that came use different

model organisms also gives a broader image of
the scientific fields.

Table 1b. Speakers of the Bertalanffy Lectures

University/ Title of Title of
Speaker Research lecture for lecture for
Centre student scientist
: The
Hypothesis-
Howard Hughes and curiosity- de‘f:‘;g?eglfal
Alejandro Medical Institute driven plgnaﬂang i
Sanchez &S_towefs _inquiry: the what they teach
Alvarado Institute for importance of 2o
v 3 us about living,
Medical Research discovery dvin
research Y
systems
Sainsbury l;;..nl-ﬁk:g Auxin and the
Dttoline Laboratory, brai -2 self-
oiEian rain - how SR
Leyser University of plants decide organisation of
Cambridge et s plant form
How do stem
Marcos Department of cells divide? Asymmetric
G Biochemistry, The physics endosomes in
onzalez- eliste 7
Gaitan University of of ) asylm_njetnc
Geneva asymmetric division
division
Zentrum fur Dawn Of The The molecular
i Molekulare Mammals - foundations of
Henedk Biclogie, Revealing mammalian
Kasasmant Universitat Molecular phenotypic
Heidelberg Secrets... evolution
Looking for | Exploring ‘h?
Center for fish in the ger};;zgf =
i Genome wrong .
Miguel L. Regulation, places: from Ar"nericlan
Allende . n cypridontiform
Universidad de salt pans to Bk dishlavin
Chile dried up ki b
unigue life
poNdE histories
MFPL/Centre for | Righttiming | o
. Molecular is cryclal in Light and time.
Kristin . life: how aquatic
Biology/ Platform c i -
Tessmar- Rhythms of Life investigating animals can
Raible Unlversi 4 rhythms and inform human
niversity of : 3
Vienna dpcks in biology
biology

In addition to the talk for students, the
invited speaker also gives a lecture for the
scientific community in Heidelberg the day
after. The titles of these talks are also in Table

B MNFFY LECTURE AT COS

#
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Figure 1. Bertalanffy Lecture posters for the last
Bertalanffy Lecture in April 2018 [2-3]
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In order to advertise the lectures and reach
as many students, teachers and scientist as
possible, posters are designed for every lecture
(Figure 1). Those posters are distributed to
schools in the region. Moreover, letters and
emails advertising the events are also sent to
the schools.

3. Bertalanffy Practical at COS

The second part of the initiative is a summer
practical for high school students in laboratories
from COS. With this course, they have the
chance to learn some of the techniques that are
used every day in research laboratories and,
what is even more important, to discover the
functioning in a developmental biology
laboratory [3].

This practical course took place for the first
time in August 2014. The course is advertised
with a poster, which is sent to the schools
(Figure 2). It is also announced in the
Bertalanffy lecture previous to the course.

fecs, ‘. i
BERTALANFFY PRACTICAL AT COS

y Ty
AR
W .E

TOLLE 'I'.‘.HA[.‘.E FOR SCHULER DER
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CENTHL FOR
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.\' LY
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Wonbslbangagespriche am 26 Junl 2018 "

&

Figure 2. Bertalanffy Practical poster for summer
2018
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To apply for the course, the students need
to write a brief description of their interests in

science and especially in biology. They also
have to state what they want to study.
Moreover, they have to explain why are they
interested in the practical and what are their
motivations to take part in it. In addition, they
have to present a recommendation letter from
their teacher [3]. All the applications are revised
in COS, the best applicants are interviewed and
the final participants are selected according to
their motivation and interest.

But not only German students are able to
be part of the Bertalanffy Practical. Since 2015
students from the Spanish Youth & Science
Program of Catalunya La Pedrera Foundation
can attend the practical. As well as exchange
students from Heidelberg’s partner cities (as
part of the International Summer Science
School Programm [6]).

Eleven applicants were selected for the first

Bertalanffy  practical. The  number of
participants in the following years were
between 14 and 12 but the number of

applications increased from 12 in the first year
to over 30 in 2017.

3.1. Practical content

As a preparation for the practical, the
students have to read some scientific articles,
which will give them some background and
basic knowledge for the course. This is
completed by some introductory talks the first
two days. Principal Investigators (Pls) and
researchers working at COS give these
lectures. They present the model organisms
used in research at COS (fish, fly, hydra, plants
and yeast). In these first days, the students
also visit the different laboratories in COS and
get a first contact with the ongoing research.

After this introduction, the students are
divided into small working groups (2 pupils per
group). Each student takes part into two
projects of 3 days each. There are projects with
each model organism COS is working with for
example  Arabidopsis  thaliana,  medaka
(Oryzias latipes), hydra, fly and yeast.

At the end of the course, the students have
to prepare a short talk presenting the results
obtained. In order to learn how to prepare a
presentation, they have a one day workshop
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with a science communication expert. For the
presentation all COS scientists, teachers and
parents are invited.

4. Science Goes School

In 2016 a new initiative was added to the
Bertalanffy activities: scientists (PhD students)
went to schools. The new program was named
“Science Goes School” and it is coordinated by
Michaela Bollen and Jochen Wittbrodt [4].
Michaela is a secondary school teacher, who
attends with her pupils since 2012 the
Bertalanffy lectures and works together with
COS as a link between the schools.

Previous to the lecture, with the help of a
high school teacher (M. Bollen) and other
presenters, the PhD students adapted their
talks to the knowledge of a high school student.
Concepts which are unknown by the students
must be identified by the speaker and
introduced clearly and well explained in the
talk. With this preparatory seminar the scientist
learn to simplify and break down complex
concepts. This experience also helps the
scientists to improve their communication skills.

Eight PhD students and four different
schools participated in this innovative activity in
the first round. In all the schools, the speakers
had two teaching hours, which is equivalent to
90 minutes. In these 90 minutes, the PhD
students introduced themselves describing their
scientific career, explained their research
project and did the practical activity with the
samples they brought.

After all the presentations have taken place,
there is always a final meeting with the
organizers and the speakers to evaluate the
“Science Goes School” round.

“Science Goes School” was a success from
the first edition. Not only pupils but also
scientists benefit from it: pupils learn about
science and research and, at the same time,
scientists improve their communication skills,
which are also very valuable for their career.
“Science Goes School” is constantly growing
with more and more schools and COS PhD
Students joining the programm.

5. Conclusion

Initiatives to introduce scientific research to
secondary school pupils are key to bring

science to the society. Moreover, it also helps
students with a strong interest in science to
taste scientific research and decide whether
they would like to work as scientific researcher
in their future career.

These kinds of programs also benefit the
scientific community: the “Bertalanffy Practical”
and “Science Goes School” help scientists to
improve their communication skills.
Additionally, those activiies are a great
strategy to recruit young promising pupils keen
on science, which will potentially be
outstanding scientists in the future.

Furthermore, science is an international
network of knowledge and introducing
international exchanges into these practical
courses for pupils is a great opportunity for the
students to get to know the research world as it
is. The experience not only at scientific level
but also at personal level that pupils live with
such exchanges might be key on their decision
making about their future and their career.

With the support of the Klaus-Tschira-
Stiftung, Bertalanffy at COS will continue
running in the coming years and we are open to
new ideas as well as new international partners
willing to join this successful and ambitious
initiative.
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Abstract. | discuss the roles of simple and
essential hand-made experiments play in
classes of Electromagnetics. | have shown the
characteristics of simple and essential hand-
made experiments in HSci2017. One was
taking students out of the world of the textbook
to the world they live, the other was helping
students understand Physics concepts. In
electromagnetism, physics quantities and lows
are more abstract and phenomena are invisible
in comparison with that used in Mechanics etc.
We found that hand-made experiments using
the materials around us are useful because
they give students images of physics quantities
and make them feel reality to the invisible
electromagnetic phenomena easily.
Furthermore, these experiments are easy to be
used for students’ hand-on experiments.

Keywords. Simple and essential experiments,
hand-on experiments, electromagnetics.

1. Introduction

| presented some simple and essential
hand-made experiments in Mechanics, and
discussed their roles they play in enjoyable and
fruitful Physics classes in HSci2017 at Braga in
Portugal [1] following to the presentation in
HSci2016 [2]. Students’ recognition of the
concepts is sometimes superficial if the classes
are done without experiments or with only
typical experiments. | showed that students’
understanding of concepts becomes deeper
and deeper by repeating processes between
hypothesis and test using simple and essential
experiments in HSci2017 [1].

Here, | introduce some simple and essential
hand-made experiments in Electromagnetics
we invented and discuss their roles in the
classes. Because electromagnetic phenomena
are usually invisible, experiments that visualize
the phenomena or make students feel them
visible are needed for students’ understanding.
| also show some examples how we used for
hand-on experiments.

2. Experiments concerning to
“Electromagnetic induction”

The first example is experiments of
electromagnetic induction including mutual
induction, self-induction and LC resonance. In
addition to the popular experiments using
commercial made equipment hand-made
experiments are expected to be done to
impress the universality of the laws. One of the
suitable examples for Faraday’'s law is
Umbrella Coil (Figure 1) which | have shown in
HSci2016 [2]. This is the equipment using big
coil fixed at the end of the ribs of the umbrella.
By using the equipment, we can get induced
current in the coil by opening or closing it in the
geomagnetic field. Furthermore, we can do the
experiment of mutual induction dynamically
using the umbrella coil and another big coil that
is made by winding code about 10 times. When
we connect the big coil to the speaker terminal
of the amplifier or the radio, alternative
magnetic field is created by the audio current
that flows in the coil.

1 L

e
> \‘B..-

Figure 1. Area of the coil is changeable by
opening or closing the umbrella

If we put umbrella coil connected to the
amplifier just above the big coil, we can hear
the sound from the amplifier because of the
induced current in the umbrella coil. The
amount of the sound depends on a location or
a tilt of the coil. This experiment can be used as
a hands-on experiment. Give students wires,
earphones, nails etc. instead of umbrella cail,
and give them such an assignment as “Pick up
a signal from the magnetic field using given
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materials”. We can see students research
actively. [3] For a hand-made experiment of
self-induction, experiment of “Light
communication” [4] is recommended. | show
the diagram of the experiment in Figure 2.

Bolar calla
Codl

+LED
Flas gt _

Audio current
source

©

Guitar amp.

Figure 2. Diagram of the light communication
apparatus. Light emitted from LED is modulated
by th electromotive force induced in the coil

A coil is inserted in the circuit of torch light
and audio signal is applied to the both end of it.
Self-induction voltage occurred in the coll
modulates the current in the circuit, that leads
to the modulation of light. Though “Light
communication” told here is very primitive one
in comparison with cutting edge “Light
communication”, the experiment is significant
because it explains the principle of the
modulation well.
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Figure 3. Diagram of the LC resonance
apparatus. Light from the fluorescent light and
sound from the capacitor appeal the resonance

point to students

Figure 3 is a diagram of the experiment of
LC resonance. We use simple capacitor using
two aluminum sheets and a plastic sheet. By
rising the voltage using transformer, we can
show the resonating point visually with the light
from the fluorescence light and the sound from
the simple capacitor [5].

3. Experiments concerning to “Static
Electricity”

The second example is experiments of static
electricity. We usually use leaf electroscope for

the experiments of the static electricity. We
propose to use simple hand-made electrometer
invented by Eiji Tanaka, Stray Cats member, in
addition to the experiment of classical
electroscope. It detects the polarity of the
charged body by the polarity of the charge
induced at one of the plate of the capacitor in
the electrometer. This equipment enables us to
do almost all experiments we do using leaf
electroscope with information of the polarity of
the charge. Furthermore, we can show
movement of the charge dynamically using
electrometer and galvanometer with DC
amplifier. | show a diagram of the experiment in
Figure 4. The aluminum sheet A is connected
to the electrometer via the galvanometer to
measure the polarity of the charge induced on
A. The ground of the electrometer is connected
to the aluminum sheet B. If we bring the
negatively charged body near the aluminum
sheet A, the indicator of the galvanometer
indicates the current flows from B to A. And at
the same time, the indicator of the electrometer
indicates A is positively charged. On contrarily,
if we bring the negatively charged body near
the aluminum sheet B, the galvanometer and
the electrometer indicate the current flow from
A to B and A is negatively charged,
respectively. Students realize what takes place
in the process of the electrostatic induction.

Galvano matet

Charged body ——

\G-J Electro
___‘J meter

) =

Figure 4. Diagram of the experiment of the
electrostatic induction. The electrometer
measures the polarity of the aluminum sheet A
and the galvanometer measures the movement
of the charge

4. Experiments concerning to
“Measurement of Light speed”

The last example is equipment of
measurement of light speed which Mr. Hirotaka
Hayashi, Stray Cats member, invented
recently. Fundamental principle of the

measurement is almost the same as that of
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Fizeau's experiment. Fizeau modulated light
using teethed wheel and observed the delay of
the phase of light because of the transmitting
time. In this experiment, light is modulated by
applying sine voltage of 10MHz to LED light
and monitor a delay of the phase on the display
of the oscilloscope. Recently, this experiment
was adapted to the introductory experiment for
freshman of faculty of science in Nagoya
University.

/ -
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Figure 5. Block diagram of Mr. Hayashi’s
apparatus for measurement of light speed. Cat-
eye reflector or cat-eye system using lends and
mirror is used for the reflector (up) and picture
of the apparatus. Optical system is fixed on the

board except the reflector (down)

5. Conclusion

As | told through the examples in 4 to 6
above, simple and essential hand-made
experiments not only fascinate students but
also play important roles in classes of
Electromagnetics because physics quantities
and lows in Electromagnetics are abstract and
invisible. They are sure to help students make
image of physical quantities and help them
understand the concepts and lows. However, it
is regrettable that simple and essential hand-
made experiments have not well penetrated in
Physics classes even in Japan. Continuous
effort for the popularization of them is expected

to be made by researchers and teachers.
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Abstract. In our contribution we will show
interesting and surprising physics experiments
that are not demanding for equipment. Some of
these experiments are often not properly and
correctly explained. There are also many
misconceptions connected with presented
phenomena.

We will focus on experiments dealing with
surface tension, thermal expansion and heat
conduction. We will also deal with Newton's
laws, especially with problems of internal and

external forces. Experiments demonstrating
weightlessness will be shown too and
misconceptions connected with this

phenomenon will be discussed. We will also
present a simple, unconventional vacuum
pump for school experimentation and
experiments with it.

Keywords. Simple physics experiments,
correct explanation, misconceptions.

1. Introduction

In the paper we will focus only on a few
selected experiments. We specify what tools
are needed to implement them, how to proceed
with the demonstration and what's the physical
explanation. We draw attention to various
technical details and focus on the
misconceptions associated with the
demonstrated phenomena. This paper is a free
continuation of our previous HSCI contributions
[1-2].

2. Experiments with aluminium coins
2.1. Strange electrostatic behaviour of
aluminium coin

Tools: Aluminium coin or small flat aluminium
circle (diameter of 20 mm and thickness of 2
mm approximately), plastic straw, paper tissue,
glass bowl, small piece of modelling clay, thin
thread.

Procedure: The experiment will be performed
in two steps. First, we glue the Al coin to a thin
thread with the length of approximately 30 cm.

Small piece of modelling clay can be used for
this purpose. Then we charge a plastic straw
(wipe it with a paper tissue). The coin is
hanging on the thread, which we hold in one
hand and the charged straw is slowly
approaching to the coin. The attractive force
between these two objects can be observed —
the coin swings to the straw (Figure 1). There
will be probably no surprise — this is a
subsequence of well-known phenomenon

called electrostatic induction.

Figure 1. The coin on the thread - attraction

In the second part of this experiment we put
the coin on the water level in glass bowl
carefully. The coin lies on the water surface,
which is also not very surprising. But... We
charge the plastic straw again and slowly
approach it to the coin by one hand (Figure 2).
The coin moves away from the straw,
surprisingly. It seems there is some repulsive
force, but what is the reason for it? The
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electrostatic induction must cause attraction, as
everybody knows!

Figure 2. The coin on the water surface -
repulsion

Explanation: The first part of the experiment
(coin on the thread) is possible to explain by
electrostatic induction. The negative charge of
plastic straw causes regrouping of the electric
charge in the coin - this is the electrostatic
induction. Free electrons move to the part of
the coin which is more distant from the straw
and as a result of this charge rearrangement
there is an attractive force between the straw
and the coin.

The same charge rearrangement occurs if
the coin lies on the water surface. But there is
an additional effect of great importance. The
permanent electric dipole moment of H,O
molecules causes the raising of the water
surface in the vicinity of the charged plastic
straw. So, there are two effects — electric
induction, that cause the attraction between
coin and straw and arise of the water surface
under the straw. Simply said, the gravitational
force wins over the electric force and the coin
descends downward from the raised water
level.

Pedagogical and technical notes: Aluminium
coins are not very widespread. Such coins
were a common part of the Czech currency, but
recently these coins were canceled. (Of course
- Czech physics teachers have a great reserve
of these coins.) Aluminium coins are still in use
for instance in Japan.

2.2. Why does a coin lie on the water

surface?

Tools: Aluminium coin or small flat aluminium
circle (the same as in the previous experiment),

sensitive scale (digital one, optimally), plastic
ruler, glass bowl with water.

Procedure: Pour water into the glass bowl.
Measure mass, diameter and thickness of
aluminium coin and then put the coin carefully
on the water surface in the bowl. The coin lies
on the water surface. This experiment is usually
explained by the surface force. But, is the
surface force sufficiently large? Is it the only
force that holds the coin on the water level? If
we know the mass of the coin, we can calculate
its weight (the force by which the coin is pulled
down). We can easily determine this force as
Fq = mg, where m is the mass of the coin and g
the gravitational acceleration near the Earth
surface (9.81 ms™ approximately). We can also
calculate the surface force as Fs = Io, where | is
the circumference of the coin and o is the
surface tension (water-air). After calculations
we can see, that the surface force is lower than
the weight of the coin. For the former Czech
coin “50 hal" the surface force represents
approximately one half of the coin weight. So,
how is it possible that the coin stays on the
water surface?

Explanation: Observe carefully the coin that is
floating on the water level. It can be seen that
the water surface is bent under the coin. The
lower surface of the coin is several millimeters
under the water level. It means, that the bottom
of the coin is in the depth where the hydrostatic
pressure has a value of p, = hpg, where p
represents the density of water and h the
depth. Because of the bottom of the coin has
the area of A = nr? (r is the radius of the coin),
the hydrostatic force F, = Apy pushes the coin
up. So, we can see at the end, that there are
tree forces acting on the coin: weight (acts
down), surface force (acts up) and hydrostatic
force (acts up). There is balance of these three
forces and that is, why the coin floats.

This explanation can be verified by
measurement of the depth h (using ruler) and
calculating the hydrostatic force F,. Then we
can easily verify whether F,= Fg4- Fs.

2.3. Jumping coin
2.3.1. “Magnetic jump”

Tools: Aluminium coin or flat Al circle (the
same as in the previous experiment), strong
magnet (so called neodymium magnet).
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Figure 3. Neodymium magnet and various
aluminium coins

Procedure: First try whether the neodymium
magnet attracts aluminium coin (of course — it
doesn’t). Put the coin on the table and hold the
magnet just above it. Rapidly yank the magnet
upward. The coin will jump upward too (Figure
4).

Figure 4. Jumping coin

Explanation: There is very strong magnetic
field at the vicinity of the neodymium magnet.
Once you move the magnet up, the coin is in a
decreasing magnetic field which induces eddy
currents in it. Magnetic field created by the
eddy currents in this situation has such
orientation, that the coin jumps up.

2.3.2. “Air flow induced jump”

Procedure: Put the aluminium coin on the
table or hold it on the palm. Blow shortly above
the coin. Although you blow parallel to the coin
surface, it jumps upward.

Explanation: It is well known, that in flowing air
the pressure decreases (so called “Bernoulli
principle”). As soon as you blow above the
coin, the air flowing above the coin causes the
decrease of air pressure above it. The coin also
tilts a little bit in the air stream. Together, these
two effects cause the jump of the coin.

Figure 5. Air flow induced jump
3. Special pendulum

Tools: Pendulum — it is formed by a rigid rod
ending with a flexible U-shaped bend strip, the
ends of the strip are adapted to be bound to
each other with a piece of thread (see Figure
6); weight; stand; thread; matches.

Figure 6. Details of the pendulum

Procedures: Fix the stand firmly to the table,
so it can’t move and hang on it the pendulum.
We will do the experiment in three steps. In the
first step we bind the ends of the arms of
pendulum together with a piece of thread. Then
we ask whether the pendulum will swing after
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overburning the thread. We can vote on the
result.

In the second step we firmly attach the
weight to the arm of the pendulum. We again
bind the ends of pendulum to each other and
repeat the procedure.

In the third step we only put the weight on
the arm of the pendulum, don’t fasten it and do
the same as in previous steps.

1. step

2. step

3. step

.

The weight The weight

is firmly is not
attached fixed to

to the the
pendulum. pendulum.

Figure 7. The scheme of the experiment

Explanation: In the first step the pendulum will
not swing. There is no external force that would
act on the pendulum and set it in motion. The
ends of the pendulum bound to one another
with a thread act on each other, but it is an
internal force, which is not able to set the
pendulum in motion. It's like if we grab our ears
and want to lift up ourselves.

In the second step the pendulum will also
not swing. The weight is firmly attached to the
pendulum and form one body. So it's the same
situation as in the first step.

A different situation is in the third step. After
overburning the thread, the arm of the
pendulum pushes the weight which falls down
and at the same time the weight pushes the
pendulum, which begins to swing.

Figure 8. Experimental details

Pedagogical and technical notes: It's better
to overburn the thread instead of cutting it,
because it prevents you pushing the pendulum.

In the third step it is good to note
beforehand that swinging means a really
significant movement rather than shifting the
pendulum to the equilibrium position after the
weight falls.

If you let the students vote on the result in
each step, it is good to point out finally that
nature behaves according its own laws and not
by our vote.

4. Magic can
Tools: Cylindrical can, rubber fiber, metal nut.

Preparation: Drill two holes into the bottom
and two into the lid of the can. Thread the
rubber fiber through drilled holes and attach
metal nut to it (using strong string etc. — see
photograph). Disguise the outer parts of the top
and bottom, so that the rubber cannot be seen.

Figure 9. Magic can - details

Procedure: Spin the can in your hands before
the demonstration (rubber fiber should be
tangled a little bit). Send the can across the
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table in such manner to make it spin in the
same direction as you previously spin it in
hands. The tin will stop and start to roll
backward. You can label the starting point of
the can movement — the can will stop, than it
will start to roll back and surprisingly it will
overcome the starting label. It seems to be a
perpetuum mobile... But this is not the only
problem. The can evidently violate Newton’s
laws. It accelerates itself. No external force is
applied on it.

Explanation: The first problem (if we have
perpetuum mobile or not) will be briefly
clarified. There is some stored energy in the
tangled rubber fibre. The second problem
(whether the Newton’s laws are still valid)
seems to be more complicated. Evidently there
are only inner forces and torques. But this is
not true. Imagine a situation of a very slippery
table surface. The can is not able to move in
this case — it only rotates. But in fact the table
surface is not so slippery — some friction occurs
between the can and the table. We can say that
the can pushes to the table with a certain force
and as a reaction the table pushes to the can in
the opposite direction. So there is external
force acting on the can and this force causes its
acceleration.

5. Weightless state
5.1. Jump with a tennis ball, “astronaut” in
the bottle

Tools: Higher table, tennis ball, plastic bottle,
pencil.

Procedure: Stand up on the table and hold the
tennis ball in front of your nose. Jump down
and at the same time release the ball. During
the fall, the ball stays in front of your nose.

Repeat it once more and before the jump
say the students to imagine, that you are
closed in a big box standing on the roof of very
high building. You are playing with the tennis
ball and in the moment when you have the ball
in front of your nose someone drop the box
down. Jump down and ask: What have you
seen during the fall? — A tennis ball floating in
the air before you.

Ask then, if the students have ever seen
something like that. Usually someone says that
it is like in a spaceship in weightless state.

You can model the astronaut floating in
spaceship using a transparent plastic bottle
with a pencil inside. When tossing the bottle
from hand to hand, the pencil is floating inside.

Explanation: During the fall you and the ball or
the bottle and the pencil fall down the same
way with the same acceleration. The air
resistance isn't necessary to be taken into
account because of the short distance of the
fall.

Pedagogical and technical notes: There are
a lot of misconceptions connected with the
weightless state. If you ask students what is the
reason of weightless state in spaceships, they
usually answer wrongly, that there isn't
gravitational force acting on the spaceship,
because it is very far from the Earth. It's good
to draw a picture of the Earth and the
spaceship. The spaceships with astronauts fly
at about 400 km above the ground. So if you
take a scale where 1 cm corresponds to 100
km, the Earth will have diameter approximately
1,3 m and the spaceship is only 4 cm above it.
The reason of weightless state in the spaceship
is that the spaceship and astronauts are
constantly falling.

5.2. Weightless cage

Tools: Metal cage with a weight on a spring
(Figure 10).

Procedure: Hold the weight so that the spring
is not extended. Then throw up the cage in the
air or you can throw it to your colleague. During
the flight the spring remains not extended. After
that, you can throw the cage with extended
spring, it will contract and remain so during the
flight.

Explanation: If you let fall or throw up the
cage, it's in weightless state. The cage, the
weight, the spring fall together. The weight
stops to pull the spring and the spring
contracts.

Pedagogical and technical notes: Students
often confuse the weightless state for a state
without gravitational force. In the weightless
state the gravitational force still acts, but the
weight disappears — objects stop to push on the
pad and pull the springs. You can recommend
students to take a heavy book, lay it on the
palm of stretched hand, climb on a chair and
jump down. During the fall, they are in
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weightless state and the book stops pushing on
their hand.

Figure 10. Weightless cage
5.3. Friction in the weightless state

Tools: Wooden board with glued sandpaper,
two wooden blocks with hooks, spring or
rubber.

gk Gl

. Jo;

Figure 11. The blocks on the board with
sandpaper connected with the spring

Procedure: First, put the blocks on a smooth
table, connect them with the spring and push
them a little apart. After you release them, they
will come together because of friction between
the blocks and the pad is small. Then put the
blocks on the board with sandpaper and get
them again a little apart (Figure 11). This time
they will stay after you release them, because

the friction is bigger and equalizes the tension
of the spring.

Take the board into your hands and ask
what happens with the blocks, if you release
the board and let it fall. In this situation, the
board with blocks will be in weightless state.
Then release the board.

Explanation: After releasing the board, the
blocks stop to push into the board and the
frictional force between the blocks and
sandpaper disappears. The blocks will come
together. The frictional force is directly
proportionate to the weight of the block.

5.4. Hydrostatic pressure in the weightless
stat

Tools: Plastic bottle with holes, water.

Procedure: Take a pin and make several holes
into a plastic bottle. Fill the bottle with water
and only slightly close the cap. The water flows
out of the bottle (Figure 12 left). Then throw up
the bottle in the air or you can throw it to your
colleague. During the flight the water stops to
flow out of the bottle (Figure 12 rigth).

Figure 12. Water flows out (left) and water stops
to flow out (right)

Explanation: The bottle is in weightless state
when it falls. In this situation, the hydrostatic
pressure disappears, because it is caused by
the weight of the water. The water stops to
push into the bottom and walls of the bottle.

Pedagogical and technical notes: It's better
to do this experiment outdoors.
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5.5. Archimed's law in the weightless state

Tools: Plastic bottle with wider neck, plastic or
cork plug, water.

Procedure: Fill the bottle with water and put a
plastic or cork plug inside. It will float on the
surface thanks the effect of buoyancy force.
Turn the bottle upside down. The plug will rise
to the surface. Then turn the bottle upside
down again and at the same time either drop
the bottle or throw it up. Observe the behaviour
of the plug during the fall. It stops to rise and
remains in place.

Figure 13. The bottle with plastic plug

Explanation: The bottle is in weightless state,
when it falls. In this situation, the buyoancy
force disappears. The bottle, water and plug fall
together, so the water stops to push onto the
surface of the plug and there is no hydrostatic
pressure force.

6. Unconventional vacuum pump for
school experimentation

The vacuum pump is used for keeping the
food fresh and it is possible to buy it in the shop
with household goods. It can be used for school
experimentation, too. Ideas for experiments are
captured in the photos (Figure 14).

7. Conclusion remarks

Physics could be studied using various
tools. We can use sophisticated and
complicated devices as well as simple ordinary
things. In this contribution we tried to introduce

several hands-on
connected with

experiments which are
very interesting physics

problems. We would like to recommend also
other works deal with similar topics [3-6]. We
hope that you will enjoy some of them in your
physics lessons.

Figure 14. Experiments with low pressure:
inflatable balloon (a); sweets (b, ¢); shaving
foam (d, e); boiling water (f); marshmallows (g,
h); sound propagation (i)
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Abstract. Visual presentations, pictures,
schemes, diagrams, etc. play crucial roles in
scientific processes and presentations. They
help, for example, to communicate hypotheses
or present research results to scientific peers
as well as to the non scientific audience.
Despite their important roles in scientific world
some science teachers and scientists have
more or less neglected visual representations
in their classes or presentations.

We propose in this work to have a glance on
different science fields throughout several
pictures that we use as tools of reasoning in
science at different educational levels.

Keywords. science

learning.

Drawings, pictures,

1. Introduction

Visual representations, photographs, tables,
diagrams, charts, and drawings, can be a very
powerful tool to enhance the impact of science.

They help, for example, to communicate
hypotheses or present research results to
scientific peers as well as to the non scientific
audience. Notwithstanding their important roles
in scientific world some science teachers and
scientists have more or less neglected visual
representations.

Scientists can examine a phenomenon and
represent it visually using a picture or scheme.

You can observe in Figure 1 [1] results from
a research paper; rat hepatocytes were
analyzed by confocal microscope, it clearly
appears the nucleus, the cytoplasm and the
cytoplasmic membrane.

Here we will not study representations of
scientific investigations. Primary and secondary
science education can bring a new focus on
how visualization contribute to knowledge

formation in science from the young students’
perspective.

Figure 1 shows molecular biology results

We first present a study about two
astronomy points: a Maasai father passing his
knowledge about sky to his son and solar
eclipses. The second case study focuses on
science women contributions. The third case is
a study about northern lights. Finally we study
pictures obtained into a Science Museum and
focusing on the experimenntal practices.

Students have to open their mind and find at
least three several scientific fields that are
related with each picture/image. Words and
images presented can appeal directly to
students' imagination.

2. Some images to taste it
2.1. Astronomy pictures
2.1.1. Maasai People

The Maasai people are semi-nomadic, using
the stars to navigate across the East African
plains. The moment when a father passes his
knowledge of the stars down to his son was
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observed in a Figure 2 [2]. In addition, how to
use the Milky Way and
compositional elements.

their hut as

Figure 2 shows a Maasai father passing his
knowledge about sky to his son

As far as human history has been recorded,
people have been observing the skies. What
this picture reminds you is that you do not need
a powerful telescope or electronic gadgets to
enjoy stargazing. It tenderly expresses "the
knowledge passed on from generation to
generation”.

Science teachers can use this picture to talk
about:

* Astronomy.

*  Mathematics

*  Origin of life

* Social sciences

2.1.2. Solar eclipses

Solar eclipses occur when the moon comes
between the sun and the Earth and spreads the
darkest part of its shadow, the umbra, on Earth
as you can see in Figure 3.

In August 2017, there will be a total solar
eclipse, which is only visible from a small area
on Earth. There are about 240 solar eclipses in
a century, in Figure 4 you can see a partial
solar eclipse.

The moon's shadow projected on the Earth
is quite small. This means that solar eclipses
are visible from only a small area on Earth. The
people who see the total eclipse are in the
centre of the moon’s shadow when it hits Earth.
The sky becomes very dark, as if it were night.

For a total eclipse to take place, the sun,
moon and Earth must be in a direct line. Total
solar eclipses occur when the dark silhouette of
the moon totally obscures the bright light of the
sun, allowing the solar corona to be visible.

Figure 3 shows a total solar eclipse obtained
from NASA network [3-4] and an illustration of
this phenomenon

Figure 4 shows a partial solar eclipse

These pictures could be a way of thinking or
teaching on mathematics, astronomy and:
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* A space trip to planets or galaxies
» Evolution of the chemical elements
* Human evolution
* Geography

2.2. Women'’s Contributions

The history of women’s contributions to
science, technology, engineering, and maths
(STEM) is long and varied, but it has also often
been underrepresented [5].

Here we can highlights only three of the
women who have made important discoveries
and have had a crucial impact on STEM fields,
Melba Roy, Marie Curie, and Florence
Nightingale. Today, women are in every STEM
discipline, in every type of job, and represent
the widest range of background and
experiences.

2.2.1. Melba Roy

Melba Roy Mouton, (1929, Fairfax, Virginia -
1990, Silver Spring, Maryland) was a
mathematician and computer programmer in
NASA'’s Trajectory and Geodynamics Division
(Figure 5).

She worked up to being a Head Computer
Programmer and then Program Production
Section Chief at Goddard Space Flight Center.
Melba worked also coding computer programs
to calculate the trajectories and locations of
various aircraft, and she was head
mathematician for Echo Satellites 1 and 2 [6].

Science teachers can use Melba Roy's
picture to talk about:

»  Computer science

* Technology

*  Mathematics

* Speed of rockets

» Stereotypes and glass ceilings

2.2.2. Marie Sklodowska Curie

Marie Curie (1867, Warsow, Poland- 1934
Haute-Savoie, France) was a Polish physicist
and chemist who worked on radio-activity. She
was the first woman to win a Nobel Prize
(Figure 6), in 1903 she shared the Nobel Prize
in Physics with Pierre Curie and Henri
Becquerel in recognition of the extraordinary

services they have rendered by their joint
researches on the radiation phenomena.

etebrating Women in

Figure 5 shows the Melba Roy's image on a
poster (Celebrating women in STEM)

She was the only person to win a Nobel
Prize in two different sciences. Marie
Sklodowska Curie [7] won the 1911 Nobel Prize
in Chemistry in recognition of her services to
the advancement of chemistry by the discovery
of the elements radium and polonium, by the
isolation of radium and the study of the nature
and compounds of this remarkable element.

She was also the first woman to become a
professor at the University of Sorbonne,
Professor of General Physics in the Faculty of
Sciences. She was also appointed Director of
the Curie Laboratory in the Radium Institute of
the University of Paris, founded in 1914. In the
course of World War |, she developed mobile
radiography units to provide X-ray services to
hospitals and in 1995 became the first woman
to be entombed on her own merits in the
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Pantheon in Paris.

Figure 6 shows an image of Marie Curie on a
poster at the Nobel Museum entrance in
Stockholm

The Curies' daughter, Irene, was also jointly
awarded the Nobel Prize in Chemistry in 1935
alongside her husband, Frederic Joliot in
recognition of their synthesis of new radioactive
elements.

Science teachers can use Marie Curie
picture to talk about:

* Radioactivity

* Technology

* Physics

* Chemical elements

» Stereotypes and glass ceilings

2.2.3. Florence Nightingale

Florence Nightingale (1820 Florence, Italy —
1910 London, United Kingdom) was an English
social reformer and statistician, and the founder
of modern nursing. She worked on
professionalising nursing roles for women. She
was also a pioneer in the use of infographics
and statistical data.

——————————
Florence

INGALE
M

Figure 7 shows an sculpture of Florence
Nightingale at the Florence Nightingale Museum
entrance in London

Florence Nightingale (Figure 7) came to
prominence while serving as a manager and
trainer of nurses during the Crimea War, in
which she organised care for wounded soldiers.
She gave nursing a favourable reputation and
became an icon of Victorian culture, especially
in the persona of "The Lady with the Lamp"
making rounds of wounded soldiers at night [8].

Science teachers can use Marie Curie
picture to talk about:

* Nursing
+ Statistics
+ Stereotypes and glass ceilings

2.3. Northern Lights

The Northern Lights are the result of
collisions between gaseous particles in the
Earth's atmosphere with charged particles
released from the sun's atmosphere.

The lights appear in many colours although
pale green and pink are the most common.
They are seen above the magnetic poles of the
northern and southern hemispheres. They are
known as 'Aurora borealis' in the north and
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'Aurora australis' in the south.

Figure 8 shows Aurora Borealis or Northern
Lights, obtained by the authors in Iceland

Variations in colour are due to the type of
gas particles (chemical element) that are
colliding. The most common, a yellowish-green,
is produced by "excited" oxygen molecules (O,)
located about 60 - 150 miles above the earth.
Blue or purplish-red colour is produced by

nitrogen molecules (N;) located at an altitude of
60 miles or less.

It could be a way of thinking or teaching on:

Physics
Light-Electromagnetism
Spectrophotometer
Origin of life

Social sciences

2.4. Others Figures

A few visuals, illustrations and pictures,
pertaining to science are shown. First of all, you
can teach and learn about vaccination using a
drawing clearly designed for children (Figure 9).
Authors obtained this cartoon from a pharmacy
in Canada. Secondly, visiting a science

museum is an excellent opportunity to obtain
many pictures, as in Figure 10, that science
teachers can use them as a new educational
approach.

Figure 9 shows a cartoon with vaccination
history for children

Science teachers can use both pictures to
talk about:

* Vaccination
* Biotechnology
+ Soap bubbles Physics
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* Soap bubbles Chemistry
e Science Museum visits

Figure 10 shows a secondary school teacher
into a giant soap bubble [2]

3. Conclusions

Science visual presentations, illustrations

and pictures have contributed to:

Understanding vaccinations don’'t cause
autism; GMO corn is as safe as every other
crop that has been genetically modified by
other means for thousands of years; and Earth
is warming past dangerous levels.

Bringing a renewed focus on how
visualization contributes to increase knowledge
formation in science from the students’
perspective.

In teaching science, the emphasis in
visualization should shift from cognitive
understanding—using the products of science
to understand the content—to engaging in the
processes of visualization.

Designing curriculum materials to inviting
students to engage in the practice of
visualization.

Reducing class size because since visual
presentation activities take time, class size
should be reduced.

Teachers should bring various visual to the
classrooms, in addition to the textbook. Material
needs should be fulfilled.

Finally, some questions for science school
teachers:

1. What kinds of activities teachers perform
for visual reading skill in the classroom?

2. What are the problems teachers
encounter while applying in-class
activities related with visual reading and
visual presentation areas?
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Abstract. When teachers and scientists try to
teach and transmit science, both to the society
and to students at different levels of education,
it is commonly described the importance of the
scientific  method and the great science
triumphs during its history that they are using in
their explanations.

However, despite its success, science is not
free of criticisms. For this, some do not have
confidence in science due to the weakness or
unethical behaviours of some members of the
scientific community. As scientists, we have to
tackle and answer questions like "What are
pseudo-science? What is the reason for
scientific fraud?" among others. We have to
prepare children for science, "Science is a
resource that helps everyone in everywhere".

Keywords. Enjoy experiments, kids, primary
school, science critics, and science education.

1. Introduction

When teachers and scientists try to teach
and increase science knowledge to the society
and students at different levels of education,
Primary and Secondary schools, it is commonly
explained the importance of the scientific
method. In addition, teachers in their
explanations use the great science
achievements during its history.

On the other hand, despite its success,
science is not free of criticisms, detractors,
problems, and lacks the confidence of some
people and social sectors.

Some of the attitudes that put science in
doubt are due to the weakness or unethical
behaviours of some members of the scientific
community. Furthermore, some mistakes when
scientific papers were rejected before going on
to win a Nobel Prize increase this lack of
confidence.

As a result, it is common that non-scientists
people feel rejection towards science and
ignore the positive effects of research in our
society.

As scientists, we have to tackle and answer
some questions posed by our society.

What are "pseudosciences"?

What are "pseudosciences" based on?
What is the reason for scientific fraud?
Why does the scientific system not take
care of women and men equally?

e Which limits should be determined to
start to publish scientific activity? Among
others.

To answer these questions and make
science such a vital subject for students we
propose define science and scientific method
and, enjoy with students through some
laboratory experiments designed specially at
primary school.

2. Questioning science and scientific
method

Science [1] is the intellectual and practical
activity encompassing the systematic study of
the structure and behaviour of the physical and
natural world through observation and
experimentation.

Scientific Method [2] is a method of
procedure that has characterized natural
science since the 17" century, consisting in
systematic observation, measurement, and
experiment, and the formulation, testing, and
modification of hypotheses.

Some science problems and mistakes are
exposed at this point. Solutions will be
explained in next point of the main text.

2.1. Pseudoscience

The word pseudoscience is derived from the
Greek root pseudo meaning false and the Latin
word scientia, meaning "knowledge".

Pseudoscience does not recognize scientific
standards, such as the scientific method and
falsifiability of claims. These are the differences
between pseudoscience and science.

Astrology, creationism, esoterism, flat earth,
geocentrism, graphology, homeo-pathy,
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intelligent design, naturopathy or paranormal
plant perception are some pseudoscientific
concepts among others.

"Belief in pseudoscience is widespread" [3].
"Pseudoscientific  beliefs" are related to
extrasensory perception, ghosts, telepathy,
communicate mentally with someone who has
died, reincarnation, witches,... Such beliefs in
pseudoscience represent a lack of knowledge
of how science works.

2.2. Scientific fraud

Scientific fraud has always been existing.
There are doubts about some Ptolomeo,
Galileo, Mendel or Millikan's results. Steling
ideas and results or inventing results or erasing
some specially bad results or falsify results.

2.3. Science Gender Equality

Gender equality means that women and
men, and girls and boys, enjoy the same rights,
resources, opportunities, income and
protections [4].

In science, as in many areas of life, bias
against women exists. Why are women
underrepresented in many areas of science,
technology, engineering, and mathematics
(STEM)? [5]. It seems that it does not require
that girls and boys, or women and men, be the
same, or that they be treated exactly alike.

2.4. Mistakes rejecting papers

Peer review is the evaluation of work by
people of analogous competency to the "peers"
or makers of the work. It is a form of self-
regulation by qualified members of a
profession. The rejection process is part of
good, healthy peer-review.

Some important scientific papers were
refused before authors won the Nobel Prize [6]
for their discoveries:

e Enrico Fermi's decisive paper on weak
interaction was rejected in 1933. He won
the Nobel Prize in Physics in 1938

e Hans Krebs' paper on the citric acid
cycle was rejected in 1937. In 1953
Krebs won the Nobel Prize in Medicine

e Richard Ernst's paper on nuclear
magnetic resonance (NMR)
spectroscopy was rejected in 1966. He

received the Nobel Prize in Chemistry in
1991.

e Kary Mullis's first paper on polymerase
chain reaction (PCR) was rejected in
1983. He won the Nobel Prize in
Chemistry in 1993.

Fermi, Krebs, Ermst and Mullis are
examples, among others, of scientific papers
that were rejected before to win a Nobel Prize.

3. What can be done? ()

It seems that in nowadays, almost everyone
at least accepts the value of science. Very few
people so doubt the findings of neuroscience,
chemistry or aeronautics, who will not to use
analgesics, vaccines or board an airplane.
However, a significant portion of the public still
finds science mysterious, secret or inexplicable.

To take action with science questioning we
propose fight against pseudoscience, science
frauds, scientific mistakes and science gender
equality and, denounce its presence.

3.1. Pseudoscience

The following indicators suggest a possible
presence of pseudoscience:

e Lack specific measurements

e Use of obscurantist and apparently
technical language

e Lack of effective controls,
placebo and double-blind,
mental design

e Lack of understanding of basic and
established principles of science

such as
in experi-

3.2. Scientific fraud

There are many cases well documented
about all kind of frauds:

Sabotage competitors’ experiments.
Make up results.

Falsify results.

Copy a paragraph or a full article.
Steal ideas.

Make hypothesis after results.
Choose the best results.

Forget some especially bad results.

Giving no credit to some work that deserve it.

41



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

Scientists must to fight against some bad
practices that are detected in a few laboratories
in our XXI Century

3.3. Scientific Gender Equality

Some researchers agree that gender
differences are more important. However, it is
likely impossible to disentangle the effects of
societal bias and individual preferences,
because people understand of gender
differences shape their preferences.

One route to more equal representation
across academic fields might be convincing
both women and men that this is true.

The presence of women as laboratory
teachers is very important and can help to
normalize gender equality.

3.4. Scientific Mistakes rejecting papers

Peer review methods have to maintain
standards of quality, improve performance, and
provide credibility. In university, it is often used
to determine an academic paper or a scientific
article is accepted for publication in a scientific
journal.

The rejection process is part of good,
healthy peer-review. Following rejection, the
end product is usually better than it would have
been originally - or it at least, ends up in a more
appropriate journal. It is a human activity and
some mistakes can take place.

4. What can be done? (ll): Children and
experimentation

Children, 10-11 years old, learn about life
through hands-on exploration and trial and
error. Through asking questions, seeking
answers, and feeding their curiosity through
play. This is what makes science such a vital
subject for children to learn [7].

The Department of Biochemistry and
Molecular Biomedicine (DBMB) [8] at the
University of Barcelona (UB) [9] makes
available to the young students of primary
school education some experiments using the
scientific method [10].

The one-day event was organized to
encourage an interest in science and foster
science vocations among young people [11].

The aim was to introduce children to the world
of science in a fun and entertaining way,
without abandoning scientific rigor.

4.1. Teaching Science to young students

At all educational levels, motivation, learning
and paying attention are the three columns of
education [12], both in theoretical classes and
laboratory practices.

Figure 1. Children playing with science

Teaching science to young students must to
bring enthusiasm (motivation) to them and,
more important, give children time to play and
to explore science.

Figure 2. Student's paying attention

Thinking about something carefully implies
to do interactive exercises that are a key
component for maximizing students' motivation
and then to bring together some questions. It is
a good challenge.

science
involves

The activities of
knowledge  (learning

obtaining
science)
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teachers, parents and children who must find gave us their definitions of science; their
the answers together. opinions about science were very edifying:

"Science is everything".

"With the help of science, we are able to
know about new things, new medicines, and
new materials".

"Thanks to science, we reached the Moon
and now scientists are preparing themselves
for Mars. Thanks to science, we found our
“‘lost” planet. Pluto".

Children love to play, children love
challenge, and children love to learn.

Figure 3. Teacher's picking up students’
questions

Figure 6. Teacher and students
answering those questions

4.2. Students experiments

Motivation, learning and paying attention are
the three pillars of experimentation [13].

Classroom attention is going to be a vital
challenge for teachers and professors alike to
prevent students from losing their ability to
concentrate. Science laboratory experiments
maintain children’s attention.

Students have also obtained the
methodology to perform some experiments at
school and at home:

e Choose a topic.

e Ask a question.

e Make a Hypothesis.

Figure 5. Students asking questions e Design a test and experiment for that
question (Procedures).

e Test their answer by doing the
experiment (Results).

After experiments, a few students were
asked about what science is. Three children
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e Look at results and draw a conclusion
and you can suggest what students
would do for further exploration of their
question.

As you can see, the scientific method is on
this methodology.

5. Conclusion

Scientific knowledge has been inaccessible
for most of the population for centuries, and our
generations are the first ones in receiving
education on it massively.

We believe that it is vital promote scientific
culture in young students to increase their
scientific vocation.

In this context, teachers play a key role in
stimulating curiosity about science from a
young age. However, they need professional
development, resources and support.

For this, the Department of Biochemistry
and Molecular Biomedicine at the University of
Barcelona had designed several courses [14] to
updating primary school science teachers.

Science teachers have to maintain an open
dialogue with children, their young students,
about experiments. To conclude this point,
authors can confirm children love experiments
and they love science.

We strongly believe the possibility of using
this educational approach to increase interest
in science to our society [15]. Education is
influencing social, economic and cultural
changes.

“Science for all” [16-17] remains an
educational priority because science and
technology affect our everyday life. There must
be more dissemination of science, at the level
of the whole society. To do this, the civic
centers are ideal places to hold lectures on
scientific topics for young and no young (old)
people.
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Abstract. Pinhole photography is a topic that
can be proposed at different levels in both
primary and secondary schools and at
university level. It is a fun and surprising activity
done with different devices such as a simple
box camera loaded with photographic paper or
a digital camera. In some cases it could be the
introduction to a geometrical or physical optical
course, while in others the first lesson in a
photography course. The pinhole camera is the
oldest and simplest device that can reproduce
images with acceptable quality. In this paper
we present different optical aspects related with
pinhole photography, like the pinhole camera
and its components, different types of cameras,
image formation, image focusing and optimum
pinhole, perspective, field of view, depth of
field, exposure, vignetting, resolution, image
quality and image processing.

Keywords. Pinhole camera, image formation,
field of view, depth of field, exposure,
vignetting, resolution, image quality, image
processing.

1. Introduction

The pinhole camera is the oldest and
simplest optical instrument known to man [1-2].
If we want to take advantage of this device to
obtain photographs, we need to assure that its
body is light-tight with a pinhole in a face and
light sensitive material on the opposite side.
Pinhole photography is a fun activity that could
be proposed to students in primary, secondary
or grade studies. The typology of cameras can
be diverse: from a simple box camera loaded
with photographic paper to a commonly used
digital camera. Depending on the age of the
students the subject could be addressed in
greater or lesser depth, but at all levels of
education, image formation by means of a little
hole in a light sensitive device is both
fascinating and instructive.

Pinhole photography can be also a good
introduction to different topics of photography
and is a good chance to address issues related

to optics. In most cases geometrical optics is
enough to understand image formation but, if
we want to take our knowledge a step further,
geometrical optics is insufficient and physical
optics are needed, especially when dealing with
optimal pinhole or image focusing. Surprisingly,
a pinhole camera needs to be focused like a
lens camera and the relation between object
and image distances is the same as described
for thin lenses [3-6]. However, despite this,
pinhole images always appear blurry. Other
drawbacks are optical aberrations such as
chromatic, curvature of field and astigmatism.

On the other hand, this device offers several
advantages over a lens camera. These are
long depth of field, wide angular field and
freedom from linear distortion. The main
disadvantage is, in some cases, its poor
resolution and long exposures. In this paper we
present, first, the basic principles of image
formation in a pinhole camera, related
principally with the size of the pinhole. To do
this we recommend the optimal pinhole for
each situation. Thereafter we show different
optical aspects of pinhole photography such as
the pinhole camera components, different types
of cameras and accessories, field of view,
depth of field, exposure, resolution, image
quality and image processing.

2. Some topics about

photography

pinhole

In this section some topics related to pinhole
photography such as image formation, camera
components and accessories, will be
discussed, angular field, depth of field and
exposure and resolution will be treated.

2.1. Image formation by a pinhole camera

Image formation by means of a pinhole is
described in many optics books [7-9],
photographic books [10-12], specific pinhole
photographic books and websites [13-14] but
not in many general physics books [15]. We
describe image formation in a pinhole camera
paying attention to the diffraction effect.

Let’s consider a camera with a circular pinhole
of diameter d that forms the image O’ of a point
object O on a screen P. Consider p and q,
respectively, object and image distances
(Figure 1). Geometrical optics says that this
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image is a circular spot of diameter D
proportional to d (Figure 1(a)).

Looking at Figure 1(a) sharpness of the
image will improve when d decreases, although
this is true if diffraction effects are not taken
into account. When pinhole diameter d is small
enough, diffraction appears and when d
decreases D increases and the sharpness of
the image worsens (Figure 1(b)). An extended
object of size y can be considered as a set of
points and its image of size y’is therefore a set
of spots of diameter D (Figure 2).

3
@
z
‘e p
b q "\E’
(a)
D
O
e ___________‘{___4 <{ }
2N\
5 i
y p q &
=

(b)

Figure 1. (a) Image formation O’ of a point object
O by means of a pinhole. (a) Geometrical spot.
(b) Diffractive spot
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Figure 2. Image formation of an extended object
by a pinhole camera

Lateral magnification or magnification m is
defined as:

m=Y (1)
y

From Figure 2:

m=Y_-9 )
y p

Taking into account Young’s experiments
related to resolution in pinhole cameras [5],
spot diameter D can be computed as:

2
d(l+ﬂ] if q< 37 (1)
D= p (3)
Aq . a’
24429 if gL (2
g "9 @

Where A is the wavelength of light.

Eq. (3.1) corresponds to Geometrical Optics
and Eqg. (3.2) is due to far—field diffraction or
Fraunhofer diffraction.

2 2

In the case that %< q<d— Fresnel

diffraction or near—field diffraction needs to be
applied. The shape of the spot image is
circular, with multiple rings, and we have not an
analytical formula that describes its diameter.
Numerical methods must be applied, in this
case, to obtain D. If a certain degree of
continuity in the process is accepted, we can
assume that in this interval D varies as:

d{1+ﬂj< D < 2,44’%;7 )

p

There has been much theoretical work to
find the optimal pinhole diameter d that
minimizes the spot diameter image D [3-5] in
order to obtain the best sharpness. The
smallest diameter occurs roughly where the
geometrical and Fraunhofer diffraction give the
same result. That is:

d[l+ﬂj - 2,44%‘7 (5)

p

In this work we take as the optimal pinhole
the one that covers the first Fresnel zone plate
[5-6]. In this case, the diameter of the pinhole
fulfils the condition:

d*=4Af (6)

Where fis the focal of the pinhole camera.
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Value obtained by Eq. (6) is indicative.
Experience shows that we would not noticeably
lose definition if we were to make the hole 20 to
30% larger than the size indicated in Eq. (6).

In zone plates, as is our case, distances p, g
and f are related by the same equation as the
thin lens:

l:l+l (7)

f p q

This indicates that images obtained by the
pinhole camera must be focused if we want to
obtain a sharp image.

Most photographs are taken at distances
that satisfy the relation p >> q. In this case Eq.
(7)isreducedto g =Tf.

It is worth noting that if a lens formed the
image of point O instead of a pinhole, the spot
diameter D is about two orders of magnitude
smaller. This is the reason why images
obtained with lenses are in focus as opposed to
pinhole images that are slightly blurred.

2.2. Cameras: Basic components, accesso-
ries and typologies

The basic components of a pinhole
photographic camera are the light-tight box, the
pinhole, the shutter and the element that
records the image. This element can be
analogic like photographic film or photographic
paper or digital like an electronic detector
(CMOS/CCD).

It is crucial to know the diameter of the
pinhole since its value affects the sharpness of
the image as well as its illumination. The
f-number of the camera is defined as:

f
fl#=— 8
J (8)

Pinhole diameter d can be measured in
several ways. There are a lot of measurement
methods and we will briefly explain three of
them. The first one is with the aid of a
magnifying glass or a microscope, the second
is by scanning the pinhole at high resolution
and measuring its diameter with image
processing software. The third consists of
projecting the Fraunhofer diffraction spot onto a

screen and measuring it from the value of the
diameter of the Airy disk.

Box cameras with photographic paper are
the simplest. In this case the shutter can be a
small piece of cardboard that covers the
pinhole. This has the drawback that for each
photo the camera needs be loaded in darkness
or with a laboratory safety light. In all cases, the
final image is obtained after a development
process in the laboratory.

B

pinhole

Light
sensitivity
material

viewfinder

| kg

(b)

Figure 3. (a) Box pinhole camera. Angular
field. (b) Sportive viewfinder

A complement to this camera is the
viewfinder. The viewfinder allows us to see the
part of the scene that will appear in the
photograph. The simplest is the sportive
viewfinder that is a window of the same
dimension, or proportional to the size of the
photographic paper. When the photographer
looks through it at the distance g, or at distance
proportional to g, the field that he views is the
same that the camera photographs (Figure 3).

Nowadays the best and direct viewfinder for
a pinhole camera is the image that appears on
the screen of a smart phone when this camera
focuses on the scene.

Other cameras that could be considered are
old 35 or 120 mm analog cameras with
removable lenses. These can be transformed in
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to pinhole cameras changing the lens for a
pinhole attached to a photographic cap.
Loading it with a photographic reel we have a
device that can shoot a certain number of
photographs before developing the reel.

Some enterprises commercialize analog
pinhole cameras that work with 35 mm or 120
mm film [16-17].

However, the easiest and most direct way to
introduce students to pinhole photography is
with digital cameras with removable lenses. A
pinhole camera is obtained, as in the case of
oldest analog cameras, by changing the lens
for a pinhole attached to a photographic cap.
Images obtained in this case can be displayed
immediately on the screen of the camera and,
after visualization, it allows for quick correction
of frame defects and exposure.

2.3. Angular field

Angular field is that part of the scene that is
recorded through the camera at a particular
position and orientation. In a pinhole camera
the angular field is the angle 2w that appears in
Figure 2(a) and its value is:

20 = 2tan” [ﬁj (9)
2q

According to this, angular field increases
when h increases or q decreases and cameras
could be classified as wide lens (2 @ > 50°),
normal (2 @ = 50°) or tele lens. (2 w < 50°).

2.4. Depth of field

Depth of field is the axial distance that is
focused in a photographic image. It is due to
the inability of the eye to distinguish between a
true point and a tiny blurred circle if the circle
diameter subtends an angle less than 1/1000
rad [12]. Photographic images are visualized as
copies in paper or pictures on a digital screen.
Assuming that they are observed at 400 mm
the size of the blur circle is ¢ = 0,4 mm. In
pinhole photography, in most cases, the scene
is far from the camera (q = f) and the blurred
spot is approximately the same size,
independently of the axial position of the object.
For this reason photographs taken with a
pinhole camera with values of its optimal
diameter lower than d = 0,4 mm and visualized
with little magnification appears with a slight

blur in its entire axial axis. Figure 4 shows a
snapshot obtained with a 135 mm Zenith
analog camera with d = 0,28 mm and /144. In
this image near and far terms of the scene are
focused.

Figure 4. Snapshot taken with 135 mm analog
pinhole camera to show soft focus and large
depth of field

In addition, amateur photographers know
that photographs shot with a high f-number, as
is the case of pinhole camera, have larger
depth of field.

2.5. Exposure

Exposure measures the quantity of light that
arrives to the sensor of the camera. Its formula
is [12]:

H - Bt

= 5 cos* 0
4(f/#) (1+m)

(10)

Where B is the luminance (brightness) of the
scene, f/# the f-number of the camera, t the
exposure time, m the magnification (In in most
photographs m = 0) and 6 the angle that
subtends the centre of the pinhole to an non-
axial point image.

In the centre of the sensor 6 = 0° and
cos*0 =1, but in the corner, 6 = w and for a
wide-angle camera, for example w =45°,
cos*6=0,25. This means that, in this case,
exposure in the corner is four times lower that
in the centre and vignetting appears.

Another parameter to consider in the
exposure is sensor sensitivity S. More sensitive
sensors need less light quantity to be
sensitized than those sensors whose sensibility
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is lower. Sensitization is ranged in ISO scale
from low to high values corresponding to low to
high sensitivity.

In photography S, t and # make up the
three sides of the exposure triangle. They work
together to produce a photograph that is
properly exposed.

The law of reciprocity says that if a
photograph has a correct exposure with the
parameters S;, t; and (f/#); a change of these
parameters to S,, f, and (f/#), that does not
vary exposure, satisfies the equation:

St _ St
(FI#)? (FI#)

(11)

The law of reciprocity is accomplished in
photographic papers and electronic sensors but
may fail in some films, especially when
exposure time is greater than 1/10s.
Manufacturers deliver tables with the correction
that will be applied to exposure time when the
reciprocity law fails.

Exposure meters give us the three previous
parameters that assure a correct exposure.
There are different typologies of these devices
and the most widely used are hand held
exposure meters. Another exposure meter that
can be used is the exposure meter of an
auxiliary camera. In all cases f-number does
not achieve values as high as the pinhole
camera has and Eq. (11) must be applied in
order to obtain the desired exposure time.

There are some apps that measure
exposure in pinhole photography. Examples of
this are the applications Pinhole Assist [18],
Pinhole Master [19] or Pinhole Meter [20] for
IOS and beeCam Light Meter [21] for Android.
All of them give a reliable measurement of
exposure and are conveniently incorporated
into the mobile phone. With this gadget, a
smart phone becomes an indispensable tool in
pinhole photography because we are able to
view the image on its screen. In addition the
app measures exposure parameters of the
scene and the chronometer measures the time
that the photograph must be exposed.

2.6 Resolution

Resolution is the smallest discernible
separation y,, between two image points. A

pinhole camera has poor resolution in relation
to a lens camera. In this paper we assume that
resolution, in image space y'min, Of pinhole
camera is:

, D
ymin =5

12
5 (12)

And resolution in object space is:

-y'min 22

m 2m (13)

y min

Resolving power is the number of line pairs
per millimetre that are just clearly discerned by
the camera. Their values in image and object
space are:

R = L:E,
D

R= R'mzzm
y'min D

(14)

3. Image quality

Images obtained with a pinhole camera are
always blurred but as we have just seen we
can obtain images less blurred than others, it is
a matter of focusing the camera with the right
pinhole. Assuming that the camera works with
the optimal pinhole there are two factors that
influences image quality: Magnification of the
image and tonal range of the sensitive material.
Magnification is directly related with burring.
Once the image is obtained in a photographic
paper, in a film or in an electronic sensor, it can
be visualized in a paper copy or in a screen.
When this is done, in general, the image is
magnified to be seen comfortably and
consequently blurring increases. Images that
require lower magnification look better because
they have less blur.

Tonal range refers to the total number of
tones (gray levels or number of colours) in the
image. Films and CMOS/CCD detectors have a
high tonal range while photographic paper has
low.

Table 1 shows these characteristics in the
cameras that we have used. Magnification
required is that which would be necessary to
obtain a copy of 13x18 cm.

The box camera with negative photographic
paper of size 13x18 cm does not need
magnification to obtain a final copy of the same
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size at it will look focused. The analog camera
with sensor size of 60x90 mm needs little
magnification and the final image will also look
focused.

Table 1. Relationship between sensor size, tonal
range and magnification required

Sensor  Tonal | Magnification
Camera . .
size (mm) range required
Box 130x180 low 1x (low)
(paper) (big)
Analog 24x36 . .
(film) (small) Hieh 5x (high)
Analog 60x90 .
(film) (big) high 2x (low)
L 18x24 . .
Digital (small) high 7,5x (high)

Analog and digital cameras with small
sensors give us small size images. If we want
to view them in 13x18 cm magnifications of 5x
or 7,5x are needed and the final image will
appear with high blur. Nevertheless, these
images are suitable for sharing pictures in
social networks like Instagram or Flickr as
images appear reduced in mobile screens and
blur is harder to see.

Analog cameras with a sensor of 60x90 mm
work well because they have a high tonal range
and their copies can be magnified without loss
of quality.

4. Image processing

Images obtained by analog cameras must
be developed in a photographic laboratory.

The process is a bit different if the sensitive
material is paper or film but in all cases
developer, stop bath and fixer solutions must
be applied to negatives. Once we have
processed the negative we obtain the positive
by digital methods such as scanning or
photographing the negatives. Figure 5 shows
the process of scanning a negative paper by
means of a domestic scanner and Figure 6 the
process of photographing the negative with a
digital camera with a macro lens. The camera
is attached to a column and the negative is
trans illuminated with a uniform light source. In
films of 24x36 mm a good option could be also

to scan the negative with a negative scanner,
but this has not been our choice.

Images obtained with digital cameras do not
need a positive process.

Digital images, whether from analog or

digital cameras need further processing before
presenting the final image.

(b)

Figure 5. Digital positive process with a scanner.
(a) Negative. (b) Scanner. (c) Positive
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Next we show cameras, whose principal
characteristics, have been used in this work. A
picture obtained with each of these cameras is
also displayed. In all cases optimum pinhole
has been calculated taking into account that q =
f. Figure 7(a) shows the box camera. Their
principal characteristics are: f=105 mm,
d=0,51 mm, 7206, 20 = 90° Negative size:
12,52x17,65 cm, Negative brand: lldford MGIV
Multigrade IV de luxe paper (S=5 ASA).
Figure 7(b) displays an image obtained with
them.

_-. Figure 8(a) shows analog camera Prak-tica.

Their principal characteristics are: =40 mm,
d=0,28 mm, 143, 20 = 57°, Negative size:
24x36 mm, Negative brand: lldford FP4 125
5. Results film. Figure 8(b) displays an image obtained
with them.

Figure 6. Digital positive process with a
photographic camera and a macro lens

Figure 8. (a) Analog Praktica camera. (b) Image
obtained with this camera

Figure 9(a) shows analog camera Holga.
Their principal characteristics are: f=40 mm,
d=0,30 mm, /135, 20 = 108°, Negative size:

Figure 7. (a) Analog box camera. (b) Image 60x90 mm, Negative brand: lidford FP4 125
obtained with this camera
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film. Figure 9(b) displays an image obtained
with them.

Figure 10(a) shows digital camera Nikon
D70S. Their principal characteristics are: f= 45
mm, d = 0,30 mm, /150, 2m = 36°, Sensor size:
60x90 mm, Figure 10(b) displays an image
obtained with them.

(b)

Figure 9. (a) Analog Praktica camera. (b) Image
obtained with this camera

We have tested resolution for the digital
camera Nikon D70S (g = 55 mm) with Snellen
near vision test situated at 110 mm from the
pinhole (p = 110 mm). Figure 11 shows this test
where visual acuity at 400 mm for each line
appears in the left column, while in the right
column resolving power is displayed.

Applying (7) the focal of the camera is f = 37
mm and by (6) the optimal pinhole diameter is d
=0,29 mm.

We have captured images of this test with a
set of pinholes with different diameters. Table 2
presents the diameters of pinholes, the focal of
the camera that best focuses the image (Eq. 7),
the diameter of the blurred spot (Eq. 3), the

R’ (Ip/mm) K3 7,05 | 417 | 3,25 | 2,08

resolution (Eq. 12) and the resolving power in
image and object space (Eq 14). Shaded
columns display cases where blurred spots are
obtained by diffraction and unshaded columns
show cases that are obtained by geometrical
optics.

(b)

Figure 10. (a) Digital Nikon D70S camera. (b)
Image obtained with this camera

Table 2. Diameters of pinholes, focals of the
camera, diameter of blur spot, resolution in
image space and resolving power in image and
object space for a set of 5 pinholes

0,26 | 0,32 0,41 0,64

31,00 | 47,00 | 76,41 | 186,00

0,28 | 0,48 | 0,62 0,96

0,14 | 0,24 0,31 0,48

R (Ip/mm) , 3,52 | 2,08 1,63 1,04
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Figure 12. Snapshot taken with digital camera
Nikon D70S attached with a pinhole with d = 0,26
mm (near optimal pinhole). Resolution reaches
line 5

We have captured images of this test with a
set of pinholes with different diameters. Table 2
presents the diameters of pinholes, the focal of
the camera that best focuses the image (Eq. 7),
the diameter of the blurred spot (Eq. 3), the
resolution (Eq. 12) and the resolving power in
image and object space (Eq 14). Shaded
columns display cases where blurred spots are
obtained by diffraction and unshaded columns
show cases that are obtained by geometrical
optics.

Figure 12 shows an image obtained with a
pinhole that has a diameter near the optimal,
d=0,26 mm. The image exhibits minimum
blurring and maximum resolving power. In
addition  resolving power matches the
calculated and the camera can resolve until line
5.

Figures 13(a) and 13(b) display images
obtained with pinholes of diameters d = 0,15
mm (diffraction limited) and d = 0,32 mm
(geometrical limited). Resolving power is similar
in both cases and is a little bit higher than

calculated. In both cases resolution reaches
line 4.
Finally, figures 14(a) and 14(b) display

images obtained with pinholes of diameters d =
0,41 mm and d = 0,64 mm. In this case the size
of blurred spot must be calculated
geometrically and in both cases resolving
power matches with calculated. Spurious
resolution, described in [5], appears in lines 3
and 2 respectively. The image obtained with d
= 0,41 mm reaches line 3 and the image
obtained with d = 0,64 mm reaches line 2.

W EWM3IW
B/3 Ww3IweEM
619 MWEMS?
:;~ .....

-----

(b)

Figure 13. Snapshot taken with digital camera
Nikon D70S attached with a pinhole with (a) d =
0,15 mm and (b) d = 0,32 mm. In both cases
resolution reaches line 4

6. Conclusions

In this paper we have introduced different
topics about pinhole photography. There are
many activities related to it, some are which as
follows: - Pinhole diameter measurement,
obtaining the optimal pinhole, checking that
pinhole camera focuses the image, proving
what geometrical optics is unable to explain, in
some cases, image formation, setting up a
sportive viewfinder, measuring angular field of
the camera, computing f/#, measuring scene
exposure, managing exposure reciprocity law,
computing and measuring resolving power,
comparing images obtained with analog and
digital cameras. Other activities derive from the
photographic process such as developing
photographic papers and films and the use of
digital methods to produce a positive image
and later process it.
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However, the most exciting activity is
obtaining images with this fun and old-
fashioned device.

v EWmM3Iw

(b)

Figure 14. Snapshot taken with digital camera
Nikon D70S attached with a pinhole with (a) d =
0,41 mm (resolution reaches line 3). (b) d = 0,64

mm (resolution reaches line 2)
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Abstract. The project VIRTUAL TUTORING —
the virtual tutor as learning mediating artifact in
online university education, is an ongoing
project, with the main goal of analyzing the
pedagogic impact of an anthropomorphic user
interface on a typical distance learning
environment targeted to support online higher
education. This demands the creation of
animated avatars for virtual tutors, able to
display intelligent behaviour while interacting
with the students. A Virtual Tutor should be
analogous to a real human one, being able to
proactively understand, solve and intervene in
different student learning situations. This paper
gives an overview of the project present
development status.

Keywords. Virtual pedagogic models, online
distance learning, virtual tutor, embodied
conversational agents.

1. Introduction

Virtual people have been populating our
reality for several years. In business terms,
their significance as player and non-player
characters in videogames is uncontested.
Research is being carried on in the academic
world on advances for virtual people and
related novel uses for them.

The Virtual Tutoring project aims to find out
and answer some challenging questions such
as: how should a virtual avatar look and/or act
to achieve effective engagement with the
student, what aspects and information in the
online learning environment should be taken
into account to model the avatar’s behaviour; or

what are the pedagogical implications that may
arise.

At this moment, the project is entering into
its first testing phase. Two different approaches
were developed upon the Virtual Tutoring
paradigm - one fully based on the desktop
Moodle environment and another to work as a
mobile Virtual Tutor companion.

The following sections give an overview on
the present state-of-the art in the field of virtual
tutoring, besides the present state of
development and implementation of the project.

2. Background

Online learning (OL) has grown in
importance as a direct consequence of the
rapid development taking place in information
and communication technology (ICT). This
development has pushed OL agents into
finding new methods of teaching and learning
that could explore the technological media to
the limits that ICT could actually offer. Due to
the evolution of OL, it is difficult to find a
precise and current definition. Nichols [1]
describes OL as "education that occurs only
through the Web", that is, it does not involve
any physical learning materials issued to the
students or an actual face to face contact. Pure
online learning is essentially the use of
elLearning tools in a distance education mode
using the Web as the sole medium for all
student learning and contact.” Even though this
statement is still valid, recent OL has evolved to
include between others, aspects such as
collaborative learning [2], connectivist learning
[3], online participation, massive open online
learning or serious games, virtual reality or
digital storytelling [4-6].

To Universidade Aberta’s pedagogical
modell this form of teaching and learning is
based on several principles [7]: student-
centered learning; learning flexibility (both
spatial and temporal); and online interaction, in
particular, asynchronous interaction, which
blurs the temporal barriers imposed by
communicational synchronism, and is
consistent with the flexibility principle and digital
inclusion. Interaction is absolutely fundamental
for the teaching learning process so that
students can effectively acquire the
corresponding knowledge and skills. It occurs
when students are actively participating in
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learning activities involving peer-to-peer and
teacher communication, be it contributing in a
discussion, solving an exercise, analyzing a
result, simply exchanging views with their
colleagues, or clarifying questions with the
teacher [6-8]. In this pedagogical model some
learning activities are moderate by a Virtual
Tutor (Human).

One of the main research goals in online
learning environments, according to Oncu &
Cakir [9] is enhancing learner engagement and
collaboration. In distance education, online
interaction is one of the most important
practices that influence engagement and
collaboration in the learner community.
Anderson [10] classifies interaction in 6
categories involving the teacher, student and
content. Of these, the learner-learner and
learner-teacher as well as the learner-content
categories are essential to modern learner
centered educational environments, being
crucial to promote them in distance education,
where the agents tend to become more
centered educational environments, being
crucial to promote them in distance education,
where the agents tend to become more isolated
and these types of interaction not
commonplace or natural.

In distance OL, one of the most relevant
roles the teacher/tutor is called to play, is that
of “helping students develop as learners
capable of managing their learning process” [7].
However, they also have tasks as motivators,

clarifying ideas, defining learning paths,
instruction,  training, support, feedback,
moderation and facilitation of interactions,

among others. Supporting the student goes
beyond cognitive support, to include a more
organizational aspect, that is concerned with
counselling and time management, which is
critical to the students’ success. Thus, the
online teachers/tutors must master a set of
competencies such as: the capacity to develop
an adequate curriculum and to organize
learning processes; competencies that relates
to the various teaching/tutoring roles (giving
feedback, motivating, training); and
competencies that relates to reflection and
evaluation. Within student support, they stress
guiding the student, setting deadlines, and
monitoring the students’ progress, contacting
them in cases of prolonged absence. All the
contributions underline the relevance of the role
played by the teacher/tutor in online distance

learning, as well as its complexity. The
challenge posed to this project is to investigate
the potential of Virtual Tutors (digital tutors) as
valuable teaching-learning tools in helping the
human teacher/tutor fulfil his/her duties in OL.

On the other hand, ECAs are known to have
important positive effects in the user interaction
with technological devices; for instance visual
speech can increase the intelligibility of audio
speech; lessen the efforts required for
understanding and; increase the satisfaction of
user experience. However, the idea of synthetic
companions capable of establishing meaningful
relationships with humans remains far from
being accomplished. To achieve this, synthetic
companions must interact with people in natural
ways, employing social mechanisms that
people use while interacting with each other.
One such mechanism is empathy, often seen
as the basis of social cooperation and pro-
social behaviour. Artificial companions capable
of behaving in an empathic manner, which
involves the capacity to recognise another’s
affect and respond appropriately, are more
successful at establishing and maintaining a
positive relationship with users [11-13].

The use of ECA as Virtual Tutors in real
online teaching-learning scenarios is still a
ground-breaking challenging since OL itself is
still in its infancy. In spite of the achievements
registered in the area of ECAs there is still a
lack of virtual entities that can effectively give
support to online teaching-learning. Very few
experiments are referred in the literature. They
have remained at a stage of limited
demonstration and basic proof-of-concept, or
expressive talking-heads where no actual
pedagogic impact analysis has been carried on
[14-15]. Most of the developments remain at a
demonstration stage, with ECAs holding
insufficient capabilities at level of natural
language communication, artificial intelligence
or emotional/affective interface. This leads to
low levels of ECA’s believability which implies
their limited acceptance from users interested
in more than playing with a nice demonstration.
In this project we aim to advance one step
further in the research of ECA integration
support virtual tutoring in OL.

3. Methodology

The methodology chosen consisted in a
multidisciplinary  research team involved
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covering the distance education (e-learning),
pedagogy and technology expertise needed for
its implementation.

This is a multidisciplinary project. It is both
about devising a new teaching-learning
(pedagogy) tool and strategies as well as the
application of novel technologies on ECAs. Its
main aim is to evaluate the pedagogic impact
and potentiality of ECAs for online teaching-
learning. The research methodology is divided
in four parts. The first has to do with the
analysis and technological adaptation of current
up to-date ECA technology, including written
natural language communication,
anthropomorphic interfaces regarding the
special facial animation of avatars, knowledge
modeling based on ontologies and emotion-
based agent architecture and interfaces. A
model and implementation of a virtual tutor will
be realized and integrated in a LMS. The
adopted LMS will be the e-learning platform of
Universidade  Aberta  (Portuguese Open
University) - UAb, the Portuguese leading
public online university with more than 12.000
students from all over the world. In the second
part of the project three trial scenarios will be
prepared and implemented. These scenarios
will be used to test the virtual tutor in three
virtual classrooms in the context of three
learning units taken from formal online courses
(one graduation course and; two post-
graduation courses). In the third part of the
project we want to analyze the pedagogic
impact of virtual tutoring in the context of three
concrete trial scenarios (which are designed
according to the virtual pedagogic model
adopted in UAb) while devising how virtual
tutors can be, or not, valuable artifacts to
mediate between teachers, students and
learning materials. The pedagogic impact
analysis on the student side will be realized by
means of online inquiries/questionnaires on
student’s satisfaction, virtual tutor usability,
interaction and collaboration verified, among
others, as well as monitoring observation
focused in the incidence and quality of the
teaching-learning  results and  student’s
behaviour. On the teacher side there will be
additional ethnographic observations focused
on the teacher's actions when configuring and
using the virtual tutor as an extra and
complementary teaching tool. Finally, we would
like to design and propose a revised virtual
pedagogic model (based on the Vvirtual
pedagogic model adopted in Universidade

Aberta) that embraces virtual tutoring as a
pedagogic strategy for online teaching-learning
processes that are based on user-centred and
collaborative learning.

4. Virtual Tutor Prototypes
4.1. Desktop Moodle environment

The virtual tutor window is superimposed
over the Moodle’'s webpage of a discipline; it
occupies a fixed position on the bottom right
corner of the webpage, allowing students to
scroll up and down over this page. The virtual
tutor is an avatar (just head and shoulders) that
was created based on photographs of real
people.

The avatar delivers speech (text, lips’
movements, but no sound yet) and exhibits
facial expressions. Both speech and
expressions are variable and depend on two
factors: (i) the results of the student in the
continuous evaluation components and also (ii)
on his/her level of attendance in that Moodle’s

page.

Besides the avatar and the balloon with its
speech, the window contains an area that lists
the items with new information and also a set of
buttons that guide the student in the navigation.
The interface uses colour to highlight the
novelties that appeared in the page since the
last login of the student.

4.2. Mobile Virtual Coaches

To demonstrate empathic competence, a
digital tutor should be able to: recognize,
through the use theory of mind [16], the user's
affective state within a particular context;
possess a computational model allowing the
simulation of the empathic process, and; being
able to exhibit empathic behaviour [17]. In this
work, we researched how two virtual tutors,
Maria and Jodo, working as coaches and
inhabiting an Android application could provide
empathic support to the student while
interacting with a Learning Management
System and going through an online course
curriculum.

The virtual tutors perception is based on: (1)
subjective factors such as the evolution of the
perception of challenge by the student (i.e. how
easy it has been to complete the course
assignments over time), endogenous
motivation (i.e. how much the student is
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enjoying the course over time) and exogenous
motivation (i.e. the importance of the course for
the student over time), as well as; (2) objective
factors such as performance (i.e. grades
obtained over time), effort (i.e. amount of time
spent on the course over time) and
engagement (i.e. amount of interaction with
course materials over time). The evolution of
these variables allows for the computation of an
affective state using the "emotivector" model
[18] that is associated with the student situation
at this point in time (e.g. the student grades
dropping more than expected).

This affective state is then used to select an
empathic strategy based on all the objective
and subjective context variables as well as the
affective state itself. Empathic strategies are
created based on the affective improvement
strategies defined by Niven et al. in their
interpersonal  affect regulation strategies
classification [19] and implemented as dialog
trees. A dialog tree editor supports the
development of strategies adequate in the
context of a specific course and learning
culture. To modulate the affective expression of
the tutors while the dialogue occurs, the
synthetic emotions "felt" by each one of the two
tutors is computed by modulating the student's
perceived emotion through a personality layer
that allows for the tutors to express distinct and
complementary personalities (e.g. in our case
Maria is more understanding and caring, while
Jodo is stricter while encouraging).

The interaction with the tutors happens in
real time through an interface inspired by the
videogame “Oxenfree” (Night School Studio,
2016) using unlocked speech balloons to
convey verbal information as well as providing
non-verbal and back-channelling information
through gaze, nods and animated speech
balloons. The animation system controlling the
agents, 3Motion [20] is inspired in 3-stages
affective  expression from principles of
traditional animation [21].

We believe our approach is able capture the
important elements of empathic behaviour

creation: recognizing the student’'s affect
through the objective and subjective
dimensions of the learning experience,

integrating a computational model that supports
perspective taking and the ability to express
emotions and exhibit empathic verbal and non-
verbal behaviour, through the interaction and

dialog with the two virtual tutors: Maria and
Jodo.

5. Future

Customizing and attending individually are
two of the essential elements of the elearning
pedagogical perspective [22]. The Virtual
Tutoring project prioritizes in one of its axes the
service to the individualities with information
and interaction intervening proactively in
different situations of student learning. In this
perspective, the artificial intelligence approach
is established with its own elements and
characteristics insofar as the interaction is
valued and intensified. The trend is to facilitate
more informative interaction processes that
drive learning in virtual environments. It is
significant to affirm this convergence of
technological elements, artificial intelligence
and pedagogical strategies for the contexts of
elearning to break down the possible barriers of
learning.

The pedagogical model of the Open
University [7], permanent in its innovation and
creation of solutions, especially in the new
learning formats, prioritizes this innovation
always thinking about the evolution of the
quality of the educative process in elearning for
the formation of people. The continuation of the
development of projects that prioritize the
quality of the interaction and attendance to the
individualities of the elearning student is a
growing line in the investigations of the area.
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11Towers. Didactic Geometric
Game
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Abstract. 11Towers is the name of a didactic
game created by the author. As a game, the
essentials are very similar to the very popular
“Tic-Tac-Toe” game, but instead of a 2-D
square the table is a 3-D tetrahedron. There is
a web page showing the different possible
games to be played on it, as well as the
instructions to get a model, even using recycled
materials at zero cost. The participants at the
presentation will have the opportunity to play
the game in any of the different available
structures and difficulty levels.

Keywords. Game, geometry, tetrahedron, tic-
tac-toe.

1. Description

Figure 1. Geometric structure (left) and
plane projection (right)

11Towers is the name of a didactic game
created by the author. It consists basically in a
structure with 11 points corresponding to the 4
vertexes, 6 side centres and the central point of
a tetrahedron. The points are placed on their
locations by a set of 11 rods or bars placed
vertically on a horizontal platform. This is the
reason for the game’s name. A set of 11 balls
of three different colours can be placed on the
tips of the bars to produce different geometric
figures like lines, triangles of different shapes,
quadrilaterals and even pyramids. This allows
students to understand better the properties of
these geometric figures.

2. Games

As a game, the essentials are very similar to

the very popular “Tic-Tac-Toe” game, but
instead of a 2-D square the table is a 3-D
tetrahedron. The goal of every player is to be
the first one to complete a certain figure.
11Towers can be played in different ways
depending on the number of players and the
complexity of the geometric figures.

2.1. Geometric figures

There are different games depending on the
figure to get in order to win:

e Line

e Equilateral Triangle

e Other triangles (general, rectangular or
isosceles)

e Quadrilateral

e Rhombus

e Pyramid

2.2. Types of Games

There are several possibilities to play on the
11Towers, depending on the number of players
and the type of game. Two players can play
with three or with four balls, to construct either
a line or an equilateral triangle (with 3 balls) or
a general, isosceles or rectangular triangle with
4 balls, which are also needed to build
quadrilaterals, rhombuses or even pyramids.

Three players can compete to be the first to
build a line or an equilateral triangle. The
competition among three players adds the need
to use basic strategies not only to win but also
to keep others from winning. The three players
can also agree in advance the type of figure
each one has to complete to win, in this case
the game resembles somehow the competition
of gladiators using different weapons.

Four players can play any of the games for
two players involving four balls. In this case,
there are two pairs of players who share the
balls of the same colour, which should be able
to identify with a small mark on them.
Cooperative games are also possible to play on
the 11Towers. In this case, the purpose is not
to defeat the adversaries, but to act in a
coordinated way to reach a common goal. The
goal is to build a set of previously decided
geometric figures.

Even solitaires can be played by a single
payer, in this case the goal is to take the
greatest number of balls out of the rods by
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jumping over them with another ball. Additional
games can be also presented in the future to
play with the 11Towers because of its very
simple geometric features.

3. Models

There are several possibilities to get a
11Towers game, depending on the visual
appearance.as well as on the available budget
or resources. A simple photocopy of Figure 1
(right) allows to play the game.

In this case, the game to play consists on
the building of a line with three tokens. There
are nine possible lines, marked in black on the
figure. To play the other games involving more
complex geometric figures, the players must
have a good spatial vision. This is also a
didactic way to get acquainted with the
geometric notion of perspective. There is a
possibility to build a three-dimensional structure
using only recycled materials such as (used)
plastic ball-pens and free CD boxes as shown
in Figure 2.

Figure 2. Recycled materials (left) and Wooden
structure (right)

A better aesthetic appearance can be got
using wooden materials (Figure 2). There are
several  possibilities, from  home-made
structures to others that should be ordered to a
carpenter.

4. On-line

There is a web page [1] showing the
different possible games to be played on it, as
well as the instructions to get a model, even

using recycled materials at zero cost. The
original web page [2] is in Galician language.

LS - il

Figure 3. Week of Sciences
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5. Presentation

The game 11Towers has been presented at
the 3™ Week of Sciences organized in 2018 by
the Ponteareas City Council in Galice (Spain).
The principals of the 12 schools from the
municipality got a copy of the model in wood. In
this way, every student can learn basic
geometry while playing with it. During the Week
of Sciences, the general public had also the
opportunity to know the game and its
possibilities (Figure 3). Voluntary students from
different schools used the models to present
the game and to encourage visitors to learn
how to play and effectively trying it by
themselves.

The participants at the presentation in the
HSCI 2018 Congress will have the opportunity
to play the game in any of the different
available structures and difficulty levels.

6. References
[1]1 http://www.yogote.net/11towers

[2] https://sites.google.com/site/11torresxogo/
home
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DNA as Genetic Material: Didactic
Experiments and Laboratory
Practices
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Abstract. In life, concepts and things which
could not see by ourselves are often the most
difficult to understand and accept. Genetics is
no different. Therefore, some biochemical
concepts such as DNA, chromosomes or gens,
are not easy to explain in a group of students.
A great way to understand such distant
concepts is by making the invisible visible, so
this work introduces three didactic experiments
related to DNA to make genetics a little more
“tangible” and also easier to understanding.

These educational exercises, especially two of
them, could be easily adapted to any
educational level, from primary to high school.
Moreover, through of these experiments,
teachers could explain diverse relevant
concepts about genetic material, which are
normally included in the curriculum of science,
such as DNA strands, chromosomes, genes,
genetically modified organism, etc.

Furthermore, this work would encourage school
science teachers to use practical experiments
as pedagogical tools to consolidate and
integrate the knowledge that students receive
in theoretical classes.

Additionally, these laboratory experiments allow
science teachers to introduce their students
into the world of both chemistry and biology

and also increase their interest in these
sciences.

Keywords. Bacterial transformation, DNA
extraction, educational experiments and

pedagogical tools.
1. Introduction

Genetic information has been passed down
and also refined for billions of years from
parents to sons in all living beings. In fact,
genetic material that contains cells regulates all
life processes and procreative functions. There
is an extreme multiplicity of life-forms around

us, and even a simple unicellular organism is
much more complex and purposefully designed
than anything that human inventiveness could
produce.

The human cell count in a body could get up
to roughly 37.2 trillion cells, constantly doing
work and then dying and being replaced with
other cells to do that same work [1]. Most of
those cells have a nucleus and in that nucleus
is where DNA is found.

DNA is the macromolecule that carries all
genetic information in the format of strings upon
strings of genes. It is packed into structures
called chromosomes. Humans have 46
chromosomes split up into 23 pairs; half from
each parent [1].

It is worthy to mention that the emotional,
behavioural, visual and all other differences
between a person and another one else on
Earth could be due to a slight variation in
portions of DNA.

DNA is usually visualized as an elegant
“twisted ladder” shape because it is how DNA
is represented in not only Biology textbooks but
also in advertising logos. This visual is actually
a kind of artist’'s conception. It is a type of
scientific  model, useful in helping us
understand how DNA functions, but in reality
impossible to see. Moreover, students
commonly bring ideas of genetics from
‘folklore’: ways in which families describe what
and how certain characteristics are inherited.
Their ideas could be further confused via
popular reporting of genetics in the media.
Thus, students have an abstract concept of
DNA and many times find it difficult to
understand. A fantastic way to understand such
distant concepts is by making the invisible
visible. Therefore, this work introduces three
didactic experiments to make genetics and
DNA a little more tangibles.

Moreover, didactic experiments are an
effective pedagogical tool to offer evidence-
based science instruction to students, and, at
the same time, students could consolidate and
integrate the knowledge received in theoretical
classes and, besides, they could acquire a wide
and profound theoretical knowledge base [2-6].

On top of that, there is growing interest
among most scientist, science educators and
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teacher community to include practical lessons
and laboratory experiments as active learning
approaches, which allow students to observe
the chemical properties by themselves, and
even doing these didactic experiments in
groups in order to discuss them in a pleasant
atmosphere [7-10].

2. Strawberry DNA Extraction

This didactic experiment literally pulls the
DNA out of strawberries. This practical could be
performed using any vegetable (for instance,
onions, beans, broccoli or spinach), sheets
from several plants and also from chicken liver.
In the case of strawberries, they are ‘octoploid’
which means they have eight copies of each
chromosome, unlike humans who only got two
copies of each one (diploid). Strawberries have
more DNA than most other fruits.

2.1. Material

Fruit (softer fruit works better)

Water

Clear dish soap

Ice cold rubbing alcohol (at least 70%)
Salt

Coffee filter

Toothpicks

Clear glasses

2.2. Experimental Part

In this experiment rubbing alcohol (isopropyl
alcohol or ethanol) has to be very cold so it
could be keep in the freezer (at least 30
minutes before performing the experiment). 2-3
strawberries are cut in small pieces and placed
in glass. Later the pieces of fruit are mashed
into pulp with the help of a spoon because
crushing them physically breaks apart the cell
walls. Next, 1/2 cup of water with a bit of salt is
added into the strawberry pulp. Later, 2 tsp.
(teaspoons) of dish soap is added to the
aqueous mixture that should be carefully mixed
without making bubbles (Figure 1A).

After the cell walls have been disrupted
during mechanical mashing of the fruit, the dish
soap disrupts both the fruit cell and nuclear
membranes because it dissolves lipids and
proteins that hold the membranes together.
This causes that the DNA could be released in
the salt water. The salt has 3 functions in this

experiment. Firstly, salt neutralizes the negative
charges on the DNA and thus enables the DNA
strands to stick together. Secondly, salt
prevents that proteins could bind to DNA
strands and degrade them (especially DNA
proteases). Thirdly, salt also causes the
precipitation of proteins and carbohydrates.

Figure 1. Strawberry DNA Extraction. (A)
Strawberry pulp with salt water and dish soap is
left to sit for 15 minutes. (B) Cold rubbing
alcohol is carefully added to the fruit mixture to
pull DNA from the juice in stringy white strands.
(C) DNA strands could be removed with
toothpicks. (D) Dried fibres of strawberry DNA

This experiment works best if the mixture is
left to sit to react for fifteen minutes. In order to
see more easily the DNA fibres, it is
recommended to filter the mixture with a coffee
filter. The juice is kept in a new glass and the
rest of the fruit could be thrown away. Finally,
1/2 cup of cold rubbing alcohol is poured slowly
down the side of the glass of the juice, allowing
it to rest on top of the strawberry mixture and
trying not to mix it. The alcohol forms a layer on
top of the juice. Everything except the DNA is
dissolved in isopropyl alcohol or ethanol. The
alcohol pulls the DNA from the juice in stringy
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white strands (Figure 1B) because DNA
molecules collapse in on themselves and
precipitate. The DNA becomes visible as white
mucous strands. They could be removed with
toothpicks (Figure 1C) and even stored in a
container full of alcohol. Therefore, millions of
tiny strands of DNA from strawberries are
extracted. If DNA strands are dried at room
temperature, it is easily to observe that they are
fibres (Figure 1D).

It is important to indicate that the colder the
alcohol is, the greater the amount of DNA that
is precipitated, because the extraction is best
when the mixture is cold. There are proteins

present in the cell's cytoplasm, such as
DNases (also called restriction enzymes),
which destroy DNA strands. The DNase

proteins are there to protect the cell from
invasion by viruses. Once the nuclear
membrane is destroyed by the dish soap, the
DNA is now susceptible to the DNases and
could quickly be degraded. However, these
enzymes are temperature sensitive and cooling
the solution slows down the process of
degradation.

3. Human DNA Extraction

This experiment allows students to get an
inside look at themselves.

3.1. Material

Water

Clear dish soap

Salt

Ice cold rubbing alcohol (at least 70%)
Clear cups

Toothpicks

3.2. Experimental Part

1/4 tbsp (tablespoon) of salt is added in 100
mL of water that are into a cup. The mixture
has to be stirred until all the salt is dissolved.
The salt water is gargled for approximately 1-2
minutes and spited back into the cup. Before
gargling the salt water, it is better to swallow
saliva. Cheek cells are harvested. The greatest
amount of harvesting cheek cells is after eating
some food. 2 tsp. (teaspoons) of dish soap is
added into the liquid which has previously been
gargled. The dish soap breaks down both the
cell and nuclear membranes and frees the

DNA. The mixture is left to sit to react for 15-20
minutes (Figure 2A).

Figure 2. Extraction of Human DNA. (A) Dish
soap is carefully added to salt water which has
previously been gargled. (B) After adding the
cold alcohol, white clumps and strings start to
form in the interface, between the two layers. (C)
DNA molecules are observed as white mucous
strands. (D) DNA strands could be remove with
toothpicks so that students could examine their
own DNA

Next, cold rubbing alcohol is carefully added
pouring it slowly down the side of the cup,
taking care to avoid mixing the two layers
(Figure 2B).

After allowing the new mixture to sit for
approximately 3-4 minutes, white clumps and
strings start to form. DNA molecules could be
observed as white mucous strands (Figure 2C).
Students could examine their own DNA and
removed it with toothpicks to get a close-up
look at the building blocks of their bodies
(Figure 2D).

All theoretical explanations about the use of
the products or ingredients in this experiment
are described above in the section Strawberry
DNA Extraction.
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It should point out that when students gargle
the salt water, they are collecting not only
cheek cells but also bacterial cells from the
inside of their mouths. Thus, the DNA extracted
is a mixture of human DNA and bacterial DNA.

4. Transformation of E. coli with a
plasmid that encodes GFP protein

At the end of this practice, students could
produce genetically modified organism (GMO),
more concretely genetically modified bacteria.
GMOs are organisms whose genome has been
engineered in the laboratory to favour either the
production of desired biological products or the
expression of desired physiological traits. On
one hand, in agriculture and livestock,
especially in crop farming, and even pet
breeding, certain individuals of a species are
selected to breed to produce offspring that
have desirable traits. Additionally, soy, corn or
other crops also grown from seeds with
genetically engineered DNA. On the other
hand, GMOs could be obtained by genetic
modification. These organisms are produced
using recombinant genetic technologies.
Genomes of these GMOs have been precisely
altered at molecular level by the inclusion of
genes from unrelated species of organism that
code for traits that would not be obtained easily
through conventional selective breeding.
Genetically modified bacteria were the first
organisms to be genetically modified in the
laboratory because of their simple genetics
[11]. Moreover, bacteria have other important
advantages, for instance, they are haploid, new
generations are produced every 20 minutes,
they are easy to grow in high quantity and
individual members of these large populations
are genetically identical.

Concretely, genetically modified bacteria are
produced through using scientific methods such
as recombinant DNA technology that involves
the insertion of one or more individual gens
from an organism of one species into the DNA
of another. There are 3 types of genetic
transfer found in bacterial: transformation
(bacteria can take up externally provided DNA
by chemical method or electroporation),
conjugation (DNA is transferred from one
bacteria cell to another via “sex pilli”) and

transduction (DNA is introduced into bacterial
by injection from a bacteriophage). Genetically
modified bacteria are used for several purposes
such as the leaching of copper from ore [12],
cleaning up mercury pollution [13] or detecting
arsenic in drink water [14] but they are
particularly important in producing large
amounts of pure human proteins for use in
medicine [15].

GMOs produced through genetic
technologies have become an essential part of
everyday human life, entering into society
through medicine, research, environmental
management but especially agriculture.

In this practice, Escherichia coli bacteria is
transformed with a plasmid, called pGLO, that
encodes green fluorescence (GFP) protein and
gives resistance to ampicillin antibiotic. Plasmid
is a circular DNA that carries a bacterial origin
replication, foreign protein gene and an
antibiotic resistance gene for use as a
selectable marker in bacteria. Concretely, the
pGLO plasmid contains an origin or replication
(ori), a selectable marker (bla that is the gene
that codes for B-lactamase, and is the
selectable drug-resistant marker for the
plasmid), the gene for Green Fluorescent
Protein, araC (the gene coding for the
arabinose C protein which is a protein that
regulates expression from the arabinose BAD
promoter), and BAD promoter (Pgap) (Figure 3).

araC gen (coding for the arabinose C protein)

Pgan (Arabinose

promaoter)
pGLO GFP protein gen
ori . under control of
plasmid Pos

bla (B-lactamase gene — ampicillin resistance)

Figure 3. Scheme of the pGLO plasmid with its
relevant parts

GFP protein is composed of 238 amino acid
residues (26.9 kDa) and exhibits bright green
fluorescence when exposed to light in the blue
to ultraviolet range [16-17]. Scientists use GFP
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protein as a reporter of expression. In other
words, GFP protein is wused to make
biosensors. Many organism have been created
that express GFP, which demonstrates a proof
of concept that a gene can be expressed
throughout a given organism, in selected
organs, or in cells of interest [18].

E. coli bacteria strains, which are used for
transformation, are genetically modified to
produce bacterial cells that can be more easily
transformed and that will help to maintain the
plasmid inside the bacteria. Moreover, specific
treatments, such as CaCl2 treatment, increase
the transformation efficiency and make bacteria
more susceptible to transformation, generating
cells that are commonly referred to as
“competent cells”.

4.1. Material

e Competent cells

e Plasmid that encodes GFP gene and
gives ampicillin  resistance (pGLO
plasmid)

e Luria-Bertani (LB) media

LB agar plates (10 cm of diameter) with

ampicillin antibiotic (100 pg/mL)

Arabinose solution of 4% wi/v

Incubator at 37 °C

Water bath at 42 °C

Ice bucket filled with ice

Microcentrifuge tubes

Sterile spreading device

UV lamp

4.2. Experimental Part

It is necessary to remind that during all the
experiment students have to wear laboratory
coats, laboratory gloves and avoid touching
their faces or clothes with their hands or with
any material and product used in this practice.
Competent cells are taken out of -80°C and
thawed on ice (during 30 min). Agar plates that
contain ampicillin (100 pyg/mL) are storage at
40C. Therefore, 2 plates per practice are
warmed up to room temperature. In one of the
agar plates, 1 mL of arabinose solution (4%
w/v) is added and speared using some sterile
spreading device. Later both agar plates are
incubated in 37°C incubator. 1-5 uL of plasmid
DNA (10-100 ng) are added into 20-50pL of
competent cells in a microcentrifuge tube. The

mixture is gently mix by flicking the bottom of
the tube with one finger a few times and, later,
is incubated on ice for 30 min. After this time,
the mixture is heat shocked by placing the tube
into a 420C water bath for 45 secs. Tube is put
back on ice for 2 min. 600 puL of LB media
(without antibiotic) is added to the bacterial
mixture and grow in 37°C incubator for 45 min
(it is better to shake the sample during the
incubation). 300 uL of transformation sample is
plated onto LB agar plate containing ampicillin
and arabinose and the other 300 pL of
transformation sample is plated onto another
LB agar plate that only contains ampicillin. Both
plates are incubated at 37°C overnight
(Scheme 1).
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Scheme 1. Chemical transformation of E. coli
competent cells with a DNA plasmid

The day after, colonies of bacteria could be
observed in the surfaces of both plates. Only
cells that contain the plasmid are able to grow,
divide and form colonies. After 2 days of
incubation, colonies are enough big to be easily
observed with the naked eye (Figures 4A and
4B).

Both plates could be observed under
ultraviolet light (Figures 4C and 4D). Only the
colonies of the plate that contains arabinose
are overexpressing GFP protein and, thus, they
exhibit bright green fluorescence (Figure 4D).
Arabinose is a sugar that induces the Pgap
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promoter. The plasmid used in this practice is
the pGLO plasmid that contains GFP gen under
the control of the Pgap promoter, allowing GFP
protein production to be induced by arabinose
(Figure 4).
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Figure 4. Agar plate with ampicillin (A) and agar
plate with both ampicillin and arabinose (B)
which have colonies of bacteria that contain the
plasmid. Under ultra-violet light, colonies of agar
plate with ampicillin are not practically observed
(C) but colonies of agar plate with both
ampicillin and arabinose are overexpressing
GFP protein and exhibit bright green
fluorescence

5. Conclusions

These experiments can be related,
according to educational level, with: DNA,
genetic material and genetically modified
organisms. Moreover, the experiments titled
“Strawberry DNA Extraction” and “Human DNA
Extraction” can be done using both basic
equipment and chemicals found in a normal
laboratory, helping science teachers perform
experiments that have all the characteristics of
excellent classroom demonstrations because of
their high degree of safety, ready availability of
materials, visual interest and relative simplicity.
The experiment titled “Transformation of E. coli
with a plasmid that encodes GFP protein” is
only recommended to be performed by high
school students (16-18 year old). Furthermore,
through this last practice, science teachers

could demonstrate to students the importance
of using safety personnel equipment and useful
information on substance safe handling.

The benefits of using practical experiments
as educational tools are diverse [2-6]. When
science teacher explain experiments and help
students to perform them, students improve
their understanding of theoretical knowledge

through experimentation and also gain
confidence in their abilities [19-21]. Moreover,
experiments become clear for students

because scientific concepts and techniques are
gradually introduced by their teachers.

On the other hand, an excellent way that
science teachers have to increase knowledge
of chemistry and biology among students is to
include educational practice in their routine.
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Abstract. The article analyses the problem of
reducing the rating of natural sciences in youth.
Possible options for solving this issue are
considered. Based on the experience of young
scientists of the National Technical University
"Kharkiv Polytechnic Institute” (NTU KhPl), it is
indicated on perspective directions of
interaction between higher education and
secondary school in order to increase the
popularity of natural and technical sciences.
One of the points of contact can be the
foundation of a creative space for children,
which will be the focus of STEM education, and
promote a positive image of the natural and
technical sciences.

Keywords. IBSE, NTU "KhPI", natural
science, technical science, STEM education.

1. Introduction

In Ukraine, for several years now, there has
been a system of admission to higher
education institutions based on the results of an
external independent assessment — a kind of a
single state examination system. Taking into
account that uniform requirements are applied
to all entrants within the country, it is easy to
use the test results as a relevant indicator for
assessing the popularity of a particular
profession or specialty.

For instance, in 2017, similar studies were
conducted in the analytical centre of CEDOS
[1]. Unfortunately, the conclusions are
disappointing. Many technical specialties are
not very popular among applicants. Thus,
according to research, applicants who entered
mechanical and electrical engineering in 2016
on average demonstrated one of the least
levels of knowledge in the main subject field (in
average amount of universities it was

mathematics). That is, we personally witness a
dilemma when students with low balls enter
complicated and important for innovative
development of the country's specialties.

Such a picture is not observed in all
technical professions. For example, a degree in
IT and biotechnology, on the contrary showed
the highest exam results with mathematics. But
IT specialties are now at the peak of popularity
in Ukraine. Therefore, they among exceptions,
which only confirms the rule, and detaches
from the already “poor” engineering and
technological specialties top-level school-
leavers.

Naturally, each branch of knowledge has
motivated entrants, with high rates of entrance
examinations. But in general, the “average
temperature in the hospital” is not comforting.
Competition for most technical and natural
specialties sciences is relatively low. What has
been said above demonstrates the rapid
decline in the rating of natural and technical
sciences among young people. And this
situation is quite usual not only in Ukraine, but
also in the global context.

2. Heating up

Looking at the deteriorating positions of
natural and technical sciences among those
entering higher technical institutions, many
faculties and departments of NTU “KhPI” began
to gradually develop in the direction of career
guidance for secondary school pupils.
However, in most cases, the successes of
these works were insignificant. In general,
some of the chemical departments succeeded,
on which interesting popular science programs
were developed. Those were the combination
of educational meet-ups with labs and “show”
elements. Most of the events did not have a
systematic nature. A turning point occurred
after the opening in the university of a Space
for children and young people creative
development, that’s called “The Space of Ideas:

Science & Museums / Arsenal of Ideas
Ukraine“.
3. The Space of Ideas: Science &

Museums

In 2013, a project of an inclusive educational
space for children under the name “Arsenal of
Ideas” arose in “Arsenal of Arts” (Kyiv,
Ukraine). In 2017 it was decided to expand the
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project to the regions of Ukraine. Young
scientists of NTU “KhPI” actively supported this
idea. As a result of successful cooperation of
both institutions, Kharkiv became the first
regional city where a new creative space was
opened. It was created on the basis of NTU
“KhPI”. Later, similar locations were organized
in Melitopol and Lviv. The main slogan of the
space was “Accessibility. Equality.
Inclusiveness”. The space was oriented to the
leisure time of school-age children, and wholly
adapted for children with disabilities. It included
permanent interactive installations  (like

Sensoricum, Uncontrolled Painting), developing
games (Kinetic sand, various of constructors),
creativity,

materials for several interactive

lectures, etc.

Figure 1. «Scetch of The “Space of Ideas:
Science & Museums / Arsenal of Ideas Ukraine”»

It was assumed that “The Space of Ideas:
Scince & Museums*” will become an interactive
platform for joint learning and family intellectual
pastime. Indeed, after the opening, which took
place on September 7, 2017, there was a surge
of visitors. Unfortunately, within a month the
flow began to dry out.

One of the reasons why the original idea did
not work, we see in that, in essential
differences from the space that was in the Kiev
Arsenal of Arts. Original “Arsenal of Ildeas”
covers an area more than 1000 square meters
and has a significant amount of entertainment
installations. Despite the fact that the space in
Kiev also began its history in a relatively small
room, it was established in the exhibition
gallery with a significant flow of people, which
provided a sufficient audience.

The space in NTU “KhPI” was only about 75
square meters. In addition, the location in the
higher technical educational institution imposed
its limitations: the students are already too old

to attend such kind of the educational places.
At the same time, they were too young for to be
interested in the location like in the space for
family leisure. The reasons mentioned did not
allow the original concept to stay alive. It is
demanded an immediate rethinking.

Figure 2. «Lecture in “The Space of Ideas:
Science & Museums”»

Figure 3. «<Meet Up: Edible Chemistry»

4. Holidays with “Polytech and Arsenal
of Ideas”

The idea of possible solution to the imminent
failure was brought by the approaching
traditional autumn holidays in first and
secondary schools. We communicate with quite
big amount representatives of the scientific and
educational departments of the university and
received a significant number of agreements to
participate in the creation of a non-stop weekly
popular science lecture with the integration of
workshops and masterclasses that would be
based on the principles of STEM education.

Fortunately, the authors of the article, which
were the initiators of the idea, already had a
certain experience of holding similar events, as
well as various developments for scientific and
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popular events. In our practice we also used
some methodologies from world-wide practices
[2-4].

Club of the young
ecologist

Club of young

hine builder Edible Chemistry

Mechatronics an

. !
Physics Is simple Robotics

History of sclence
and technology

Leadership and
Financial Literacy

Figure 4. STEM projects that appeared within the
NTU “KhPI” and aimed to the increase of the
Natural and Technical Sciences popularization

In general, during the 7 days (October 23 -
October 29, 2017), 25 events were held with a
total of 470 visitors. It was more than for the
whole previous month. And it was the
beginning.

5. Conclusions
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Figure 5. Analytical Data

Subsequent activities have shown that such
a format works perfectly, as an opportunity to
popularize technical sciences among young
people. “The Space of Ideas: Science &
Museums”, has become a catalyst for active
action in this direction. In addition, it allowed to

coordinate the work of individuals and to give
them a system.

During October 2017 - May 2018, 7 large-
scale events were held, as well as a significant
number of single small events. At the same
time, it has been a positive trend in terms of
total number of visitors as well as in the number
of repeated visits.
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1. Introduction

There are many studies indicating that
baccalaureate and secondary school pupils
tend to reject STEM subijects. In the main, they
find them authoritarian, boring, difficult,
irrelevant to daily life and feel they are a cause
of environmental problems, although it also true
that they value the achievements that can be
made by Science and Technology [1]. The fact
is that most pupils do not opt for scientific or
technological training at university level. It
would appear to be around the age of 12 when
a change takes place in their perception and
pupils lose their interest in STEM—more
noticeably among female learners [2]—which
coincides with the move from primary to
secondary education [3]. Several reasons for
this have been analyzed and suggested causes
include a lack of experimental work, the
repetitive nature of the subject matter, and too
much time spent practising for final exams [2].
ICTs, on the other hand, are at the top of the
list when it comes to entertainment and
education among this age group [4].

So the decision was taken to investigate
how a change in methodology—one that gave
ICTs a leading role and provided learners with
access to them—could improve academic
performance, some specific competences and
learner satisfaction in a Teaching Unit (TU), by

using gamification at the motivating factor.

Gamification is a relatively new term that is
defined as “the application of game metaphores
to real-life tasks in order to influence behaviour,
improve motivation and increase commitment”
[56], thus fostering three major aspects of
personal development [6]: cognitive, emotional
and social.

However, Game-Based-Learning (GBL),
which is linked to some extent to gamification,
is not a new concept as it has often been
employed in infant education. However, as a
child progresses through their education, GBL
fades away to be replaced by a more serious
and “cold” method, which leaves behind one of
the learner's main motivators: fun.

This work uses an interactive roleplay
videogame as its gamification element in a TU
for 1 year Baccalaureate Physics and
Chemistry. Computer game players are usually
persistent, take on risks and pay attention to
details, all of which are are potentially
recommendable ways of behaving at school [7]
and can lead to many benefits, particularly
among teenagers [8-9]:

e Cognitive: they develop attention, spatial
awareness and mental processing such
as in “Halo4” or “Grand Theft Auto IV”.

e Motivational: they give immediate,
specific feedback, such as in “Clash of
Clans” or “Candy Crush”.

e Emotional: they improve mood, and can
relax and calm anxiety such as in “Angry
Birds” or “Bejeweled II”.

e Social: they develop skills for belonging
to a community and decision-making to
favour the group such as in “World of
Warcraft” or “Farmville”.

When it came to choosing a type of
videogame to complement the TU
methodology, it was decided that it should have
some degree of complexity and a high level of
social benefit because it was going to be used
by pupils aged 16-17 in order to develop
competences associated with team work and
foster the learning of related concepts.

The games that meet such an aim are
Shooter, Strategy or Massive Multiplayer
Online Role-Playing Games (MMORPG). From
this last group the “Classcraft” [10] software
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was chosen as an educational MORPG. It is
multi-player but not massive as it only has a
few players compared to the hundreds of
thousands that typically play an MMORPG.
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]
Role-Playing Game (RPG - Sanrcrafl 0 WMORF
Final Fantasy XIlI-2 (] rldl of Warcraft

[ ] MORF [Classcraf] e @ W
ot ; Bhooler {Mﬂ
otter (solo) Halo 4
n Sandbox (solo] 5_]_
Eith
Hack'n Slash 5 o
5 port 4
[DmC: Devil May C [Fifa] ighting
Street Fighter IV
i

+ Minscraf

<= } $
Non-social ° ocial
[?
i i acing
[Supet Mario Bros ] Need for Speed: Most Wanted
) T
Farmville

@
Simple ] i)

Figure 1. Chart showing the main computer
game genres (with examples) organised along
two major dimensions: complexity level (up and
down) and interaction (left and right) (adapted
from [8]). The game used is at the top/right

Thanks to the use of “Classcraft’, the pupils
will be working throughout the whole TU in a
team, as it is played in groups of four people
and each person’s work is vital for the team to
reach its goals. This will allow each member to
develop their competences and define
themselves as part of a complete group that is
capable of carrying out the work. For example,
while one team member is in charge of
searching for information, another could be in
charge of preparing how to communicate it, and
another could act as leader. This would allow
each one to develop what they are good at as
part of a team.

The basic objectives established for this
research was to assess the efficacy of
gamification by means of a MORPG and detect
the degree of improvement in academic
performance caused by this change in
methodology.

2. What is “Classcraft”?

“Classcraft” [10] is an free-to-access online
educational platform that lets both teachers and
learners take part in a MORPG that is
developed simultaneously in the classroom.

“Classcraft” does not teach any curriculum
contents — it is not contents development
software like “Spore” [11], “Hakitzu” [12], or the
fantastic “Anatomy”, “Chemistry”, “Geometry”,
‘Plants” or “Solar Sistem” by Arloon [13].
However, it does provide substantial help when
developing the following core competences:

e linguistic communication: team members
must communicate constantly with each
other;

e mathematics and other science and
technology basics: what defines a player
and their abilities is based on points
which must be managed critically .;

e learning to learn: it fosters curiosity and
the motivation for individual learning.

e digital: it is based on an environment that
uses ICT resources;

e social and civic: teamwork is
fundamental, each team member
collaborates in order to obtain a good
result.

“Classcraft” is a tool that makes it possible to
change how the classroom is run. By using it,
each participant can take on a role in an
interactive game between the teacher and the
learners. The participant takes on a new
identity and nothing that has happened
previously is taken into account once they have
a new persona. The player chooses their
character according to their personality, and
their new role enables them to exploit their
strengths and hide their weaknesses.

In our case, the advantage of “Classcraft” as
a gamifying element compared to others such
as “Class Dojo” [14] lies in several factors: the
level of maturity needed for the school year it is
being developed with; a very appealing
interface; a high degree of personalisation as
the abilities, sentences and experience needed
to go up a level are edited by the teacher; it
takes up little class time; it is free.

The mechanics of the game, inherited from
“World of Warcraft”, the MMORPG it is based
on, is typical of any RPG. Each action
considered as positive provides experience
points (XP), which allow the learners to rise to
the next level and gain power points so that
they can acquire powers. Actions considered
as negative takes away health points (HP) and
are considered as attacks for the purposes of
gamification, if they drop to zero the character
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or the whole group must carry out one of the
“sentences” that the teacher has already
established. In order to obtain powers, the
players need ability points (AP) that are the
characteristics of each persona. On going up a
level, participants acquire gold points (GP),
which let them acquire new accessories for
each character.

The teachers manage the software and are
in charge of designing the game, establishing
the powers, the sentences and the XPs needed
to move up a level. They assign the XPs to
each player during the session — and take away
the HPs. The teachers also have the job of
driving the dynamics of the game and
presenting it. That is, they are the equivalent of
the Game Master is any RPG and their role in
developing the effectiveness of the “Classcraft”
game is key [15].

There are three types of character in
“Classcraft”, each with clearly different abilities.
Each participant must choose one of them and
they cannot change them during the game. The
warriors have a high HP score, which makes
them ideal for people who tend towards
negative behaviour, and a low AP score, which
stops them from using too many skills. Mages
have very few HPs and are ideal for people
who are normally well behaved. They have a lot
of APs, so they can use a lot of skills. Healers
have a mid-range score for both HP and AP
and specific skills for healing. According to [16]
the choice of character is determined by the
participant’'s personality, so it is advisable
(although not compulsory) to let the participants
themselves choose the character they will play
during the game, given that there are no pure
profiles. If the teacher chooses, then it could be
more complex and, in many cases, unsuitable.

There are four player types [17]:

e Competitor: Their aim is to complete
levels and achieve goals that make them
stand out.

e Explorer: Their aim is to discover the
game’s contents.

e Socializer: Their aim is to progress
through the game in a collaborative way.

e Assassin: Their aim is to impose their
will, even at the cost of all the others.

The player types are not pure ones because
a user can present some of the features of

each one [16]. Thus, 80% of people have
characterists shared with the Socializer, 50%
with the Explorer, 40% with the Competitor and
20% with the Assassin. However, only the
competitor and explorer profiles are useful in
the game [18]. This is due to the fact that
someone with a more competitive profile will try
at all costs to complete the game just for the
sake of completing it. The person whose profile
is more explorative will attempt to develop their
character as much as possible and squeeze all
they can out of it. Someone with a more
socializing character will try to collaborate with
the other participants, but may possibly not
finish the game successfully. As for the
Assassin, there is nothing in the game to
provide a purpose that could motivate playing
it.

3. Methodology

There is an initial test of previously covered
ideas [19] on nomenclature in Organic
Chemistry, adapted so that the starting point of
the TU can be established. Then “Classcraft” is
presented to the pupils of Group B. They are
explained what the game comprises, how to
use it and they are given registration sheets so
that they can enter and create working teams.
From this point on, “Classcraft” is initiated at
the start of each session, for the first five
minutes, in order to give an overview of the
players/teams’ situation.

The teacher gives a lecture to explain the
priorities of functional groups when it comes to
formulating organic compounds and then
resolves exercises on formulation.

The four-member groups must write a
document on a randomly chosen functional
group. The document must reflect the
characteristics of each group: physical and
chemical properties, reactivity, nomenclature
and examples from everyday life containing the
compounds. A rubric is used for assessment.
According to the curriculum, 6 groups are
established in the subject: Alkanes, Alkenes
and Alkynes (AAA); Alcohols and Ethers (AE);
Aldehydes and Ketones (AC), Carboxylic acids
and Esters (AcE); Amines and Amides (AA);
and Carbon (C).

After that, the teacher chooses one person
at random from each group to present their
work on functional groups to the rest of the
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class. After the presentation the teacher and
the other pupils have a short period to ask
questions.

In order to quantify the improvement, results
from the beginning and end of the TU are
compared by means of the assessment test
mentioned above [19] in the sixth and final TU
session. Additonally, a satisfaction survey will
be analyzed to assess the TU’s qualitative
aspects such as the level of satisfaction,
materials used and performance. Finally, there
will be a quiz on more advanced nomenclature
exercises using online assessment the teacher
has prepared on Kahoot! [20].

4. Gamification management

Once they are participating in the game the
pupils in control group B receive a rules sheet
that explains which actions increase XPs and
which ones decrease HPs, what powers they
have in each class, and how to gain Ability
Points or Gold Points.

Given the TU’s short duration (6 sessions), a
large number of experience points were
awarded, whereas the number needed to go up
a level was very low.

After finishing the first level, all the pupils
were given their first 100 XP for good behaviour
and showing interest, this let them climb to
level 2 and acquire a Power Point to gain a new
skill.

During the second session, one person (a
warrior) used their hunting skill to eat sweets
during the class. Their good behaviour once
again earned them 100 XP each at the end of
the session, which allowed them to reach level
3 and gain a new power.

In the third session, two warriors used the
hunting skill to eat during the class. The teams
that handed in their work on functional groups
on time were given 100XP, whereas the teams
that missed the deadline were only given 30
XP. No team failed to hand in the work.

During the fourth session, when the
assignments had to be presented, the people
who did the presentation were given a 20-XP
bonus. Any pupil actively taking part in the
presentation with questions was given 60 extra
XPs afterwards.

During the fifth session, when exercises
were done, any pupil correctly resolving a
formulation and nomenclature exercise on the
class board was given 100 XPs.

Two days before assessment day, they were
sent a “pre-exam encouragement potion” which
gave the last 100 XPs needed by anyone who
had already obtained all the points to reach the
top level and unblock the most advanced
abilities.

By the final session there were three level-
nine mages, four level-11 mages, two level-9
warriors, six level-11 warriors, two level-9
healers and five level-11 healers.

The level-9 mages did not use any power,
whereas the level-11 ones used
“clairevoyance”, which meant all the team
members received a clue to a question in the
Kahoot! quiz.

The level-9 warriors used the
“counterattack” power, which allowed them to
have a clue for a Kahoot! quiz question,
whereas the level-11 ones had the secret
weapon power, which allowed them to use a
sheet of notes provided by the teacher.

Level-9 healers had the “ardent faith” power,
which let them know whether an answer to a
Kahoot! quiz question [20] was correct or not,
while the level-11 healers used the “prayer”
power which let them use their notes during the
Kahoot! quiz.

5. Results and discussion

The individual learning results were obtained
as the arithmetical mean between the group
work, the post-test and the Kahoot! quiz. In this
way the team members were co-responsible for
the work they undertook. The assignment was
assessed using a rubric and the multiple choice
test was assessed by using the equation:

Mark,, = (N9 Correct answers —

N® Incorrect answers) 10 (1 )
N [tems—1

N® Questions

As for the work carried out, the average
mark was 7.00 in Group A and 7.86 in Group B.
Figure 2 shows how, in general, except for the
work on carbon, the marks are better in the
control Group B. As for the test on prior
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notions, it is worth noting that there was
improvement in both cases compared to the
initial TU pre-test, with an improvement of 0.39
in group A and 0.49 in group B. It was the same
for normalized learning gain [21] or Hake gain
[22], defined by the Equation (2):

_ %Post—test—%Pre—test (2)
- 100-%Pre—test

considering that g is high if it greater than
0.7; medium if g is between 0.3 and 0.7; and
low if g is below 0.3. In our case, the gain was
0.39 in group A and 0.42 in group B.

3
AC AcE AA C

Figure 2. Mark obtained in the work on
functional groups

L
| 1]

Likewise, to evaluate perception and
satisfaction of the pupils, a Likert-style
questionnaire (on a 0 to 5 scale) was applied to
each group during the last class session on
post-TU satisfaction (adapted from [23]).

Regarding the aspects that influence
satisfaction in the student (importance of the
contents, methodology, infrastructure,
teacher/pupil performance), no significant
changes have been detected between the
groups, with an average evaluation of 4.0 for
group A and 4.6 for group B, although both
state that the methodology and the
performance of the teachers are both key to
developing the TU successfully.

The results concerning the contents of the
TU and the degree of fulfilment clearly show
that the control group (3.1 compared to 2.9 in
group A) met the objectives more closely and
understood both the contents and the teaching
material. Furthermore, this group considers the
contents of the TU more relevant and more
applicable in the syllabus. Despite all this, both
groups agreed that more sessions would be
needed to reach a greater degree of
understanding of the TU.

By analyzing the responses regarding the
effect of the activiies and the teaching
materials used (assignments, laboratory

practical sessions and tasks, notebooks and
exercise books, class discussions, audiovisual
material, bibliography, etc.), it can be
concluded that they were more useful for group
B (3.5) than for group A (2.9), which was also

true for the audiovisual material they
developed.

As far as the section on teacher
performance is concerned, group B (4.6

compared to 4.1 on average for group A) states
that the teacher showed more knowledge and
mastery of the subject, promoted discussion
and dialogue that enriched the subjects,
responded adequately to questions and kept
the group interested and focused on the TU
subjects, and made better use of the time than
for group A. This could be interpreted as being
the result of the MORPG constantly fostering in
Group B the dynamics of participation,
motivation  and a pleasant  working
environment, which led to more dialogue and
more questions. Thus, for example, when
asked “if you could choose, would you do
another TU with the same teacher?”, 94% of
group B said they would, compared to 70% in
group A.

In terms of pupil performance, the evaluation
of both groups is similar (3.9 in group A and 4.2
in group B). Only group B had the perception of
having made better use of the effective class
time and using ICTs more.

Finally, the pupils in Group B were given a
questionnaire on the MORPG methodology, the
results from which show (with margins between
85 and 100% of affirmative responses) that it
motivated their learning (4.2); improved team
work skills (4.3), as they formed part of a group
in which the rewards for one person often
favoured the whole group; they would like to
apply it on a regular basis (4.6); they had fun
(4.7); they liked it (4.8); and, above all, it
improved the atmosphere in class (4.9).

6. Conclusions

After carrying out this work, it has been
possible to assess satisfaction and quantify the
improvement in the development of a Gamified
TU by means of MORPG, as it presents several
advantages when it comes to TU development:
it improves performance and the atmosphere in
the school; it motivates the pupils; it develops
key skills; it encourages teamwork; and is fun.
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These results coincide with those observed in
other studies [24-27], where it has been
concluded that using an RPG produces greater
effects of change than those achieved without
it.

Almost 100% of the pupils have liked the
gamification experience. The academic results
in the control group using gamification have
been better and the TU aims have been met to
a greater degree. Likewise, pupil motivation
has increased by using “Classcraft”.

Any future such proposals should be
implemented with longer-term monitoring and
not just for six sessions. More groups should be
used in order to assess the skills acquired
during the process of working in a team by
using, for example, one of the rubrics available
online [28].

7. References

[11 Vazquez A, Manassero MA. Imagen de la
ciencia y la tecnologia al final de la

educacion obligatoria. Cultura y
Educacion 2004, 16, 385-398.
[2] Murphy C, Beggs J. Children’s

perceptions of school science. School
Science Review 2003, 84, 109-116.

[3] Vazquez A, Manassero MA. El declive de
las actitudes hacia la ciencia de los
estudiantes: un indicador inquietante para
la educacion cientifica. Revista Eureka
sobre Ensefianza y Divulgacion de las
Ciencias 2008, 5, 274-292.

[4] Gras RM, Ruiz EE. Adolescentes vy
tecnologias de la informacion y la
comunicacion en Espana. OBETS.
Revista de Ciencias Sociales 2012, 7,
109-122.

[5] Marczewski A. Gamification, a simple
introduction. UK: Marczewski A, 2013.

[6] Diaz-Martinez SL, Lizarraga-Celaya C. Un
acercamiento a un plan de ludificacion
para un curso de fisica computacional en
educacion superior. Virtual Educa 2013
Conference. Medellin, Colombia:
Memorias VE2013, 2013.

[71 Klopfer E, Osterweil S, Salen K. Moving

Learning Games Forward. Massachusetts
Institute of Technology: The Education
Arcade, 2009.

[8] Granic I, Lobel A, Engels RCME. The
benefits of playing video games. American
Psychologist 2014, 69, 66-78.

[9] Russoniello CV, O’Brien K, Parks JM.
EEG, HRV and psychological correlates
while playing Bejeweled II: A randomized
controlled study. Wiederhold BK, Riva G
(Eds.). Annual review of cybertherapy and
telemedicine 2009: Advance technologies
in the behavioral, social and neuro-
sciences, 2009, 189-192.

[10] Classcraft Studios Inc.,
https://www.classcraft.com/es/

[11] Electronic Arts Inc.,
https://www.ea.com/es-es

[12] Kuato Studios,
http://www.codewarriorsgame.com/kai-
web-kai/login

[13] Dada, http://www.arloon.com/#apps

[14] Class Twist Inc.,
https://www.classdojo.com/es-es/

[15] Sanchez E, Young S, Jouneau-Sion C.
Classcraft: from gamification to
ludicization of classroom management.
Education and Information Technologies
2017, 22, 497-513.

[16] Ramos-Villagrasa PJ, Sueiro MJ.
Personalidad y eleccién de personaje en
los juegos de rol: Dime quien eres y te
diré quién prefieres ser. Teoria de la
Educacion. Educacion y Cultura en la
Sociedad de la Informacién 2010, 11, 8-
26.

[17] Bartle R. Designing virtual worlds. United
States: New Riders, 2003.

[18] Heeter C, Magerko B, Medler B,
Fitzgerald, J. Game Design and the
Challenge-Avoiding, Self-Validator Player
Type. International Journal of Gaming and
Computer-Mediated Simulations 2009, 1,
53-67.

80



Hands-on Science. Advancing Science. Improving Education
© 2018 HSci. ISBN 978-84-8158-779-1

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Omwirhiren EM. An analysus of
misconceptions in organic chemistry
among selected senior secondary school
students in Zaria, local government area
Kaduna State, Nigeria. International
Journal of Education and Research 2016,
4, 247-266.

Test Kahoot!,
https://play.kahoot.it/#/k/a01a565c-ed42-
4939-8b8f-f252fb7264c0

Hoellwarth C, Moelter MJ. The
implications of a robust curriculum in
introductory mechanics. American Journal
of Physics 2011, 79, 540.

Hake RR. Interactive-engagement versus
traditional methods: A  six-thousand-
student survey of mechanics test data for
introductory physics courses. American
Journal of Physics1998, 66, 64-74.

Jiménez A, Terriquez B, Robles F.
Evaluacion de la Satisfaccion Academica
de los Estudiantes de la Universidad
Auténoma de Nayarit. Revista Fuente
2011, 3, 46-56.

Hernandez Carbonell J. Cambio de
actitudes y valores ante la energia tras el
uso de un juego de rol. Teoria de la
Educacion. Educacion y Cultura en la
Sociedad de la Informacion 2010, 11, 135-
148.

Quintanal Pérez F. Gamificacién y la
Fisica—Quimica de Secundaria. Education
in the Knowledge Society 2016, 17, 6-9.

Gonzalez Reyes J, Olivares SA, Garcia
Sanchez E, Figueroa |. Propuesta de
gamificacion en el aula: Uso de una
plataforma para motivar a los estudiantes
del Programa Académico de Informatica
de la Universidad Auténoma de Nayarit.
Educateconciencia 2017, 13, 70-79.

Haris DA, Sugito E. Analysis of factors
affecting user acceptance of the
implementation of ClassCraft E-Learning:
Case studies faculty of information
technology of Tarumanagara university.
Proceedings of the International
Conference on Advanced Computer
Science and Information Systems, 2016,

73-78.

[28] Corubric, https://corubric.com/

81



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

A Study of Discrepant Events and
Picture Books as the Integrated
Design of Science Activities

J Lin', CL Lin®
'National Kaohsiung Normal University,
Taiwan, R.O.C.
’Nan-Jeon University of Science and
Technology, Taiwan, R.O.C.
jelin@nknucc.nknu.edu.tw

Abstract. This study aims to explore how to
use discrepant events in conjunction with a
picture book in scientific activities to enhance
children’s desire to learn. The study took the
science fair in Pingtung County, Taiwan as an
example, from handling teacher workshop to
planning and implementing a series of
activities. Research shows that the design of
scientific activities will present a different
phenomenon in different variables, and this can
lead to cognitive imbalances (or
inconsistencies) among learners.

The use of a picture book guides the problem
of contrast, and hands-on action prompts the
learner to think rationally in order to reach his
new balanced mental model. Some small
experiments triggered the concept conflict of
students, which made them impressed and had
higher motivation for learning. Give extended
scientific activities to enable students to learn
more through extended activities. Implications
for teaching and learning of scientific thinking
and future research were discussed.

Keywords. Discrepant events, picture books,
science fair activities.

1. Introduction

Science teaching in Taiwan is usually limited
by the factors of progression or quick success.
Some past studies have pointed out that
science teaching is often conducted in recipes
experiments. Students are only a fixed step in
completing the experiment. They rarely have
the opportunity to experience the process of
scientific exploration as a scientist.

In the science fair activity, there are a lot of
students involved, but how to do it effectively is
an important factor for our consideration.
Therefore, we must collaborated with the theme
of each activity to draw scientific electronic

picture books and integrate scientific inquiry
activities as a reminder to guide students in
discovering and thinking about natural
discrepant events.

So, this study aims to explore how to use
discrepant events in conjunction with a picture
book in scientific activities to enhance learner’s
desire. And the research questions include:

e How to plan teacher study and enhance
teacher design science fair activities?

e How does an e-picture tell a discrete
event?

e What are the results of the learner’s
desire?

2. Discrepant events and Picture Books
2.1. Discrepant events

What is discrepant event? Simply speaking,
discrepant event is occurrences which defy our
understanding of the world by presenting
unexpected outcomes [1]. These phenomena
are often used in science demonstrations to
grab the attention of an audience and engage
visual learners, particularly learner. The
important method is to always encourage
students to discuss what will happen before the
experiment happens. Allow them to persuade
themselves to know what will happen before
they will have different events.

Discrepant events are often used by science
educators to incite interest and excitement in
learners, yet sometimes their results are
farther-reaching [2]. In other words, a
discrepant event is a phenomenon which has a
surprising and paradoxical outcome that is not
what the observer would normally expect.

Why use discrepant events? When teaching
scientific concepts or principles, it is important
that teachers inspire students' curiosity. The
use of discrepancies is a method that can use
student curiosity. When students have strong
motivation, conditions are good for learning.

There was a study that outlines three
general steps that may be used when utilizing
discrepant events [3]:

e Set up the Discrepant Event

e |Involve Students in Solving the
Discrepancy

¢ Resolve Questions Posed by the Event
and relate them to the body of Scientific
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Knowledge
2.2. Picture Books

In addition, the question is how to allow
students to perceive the existence of
discrepancies and give tips or guidance at the
most appropriate time, perhaps using a video
or animation.

This study proposes a simpler method,
using the tips of the electronic picture book.
The way of electronic picture books is mainly to
avoid the difficulties of video and editing. When
it comes to macro and micro themes, it can be
replaced by a picture book.

3. Research Tools

Before the county science fair, we hold a
professional development workshop in order to
regain the teachers’ ability of designing suitable
for junior high and elementary school students’
hands-on science learning units.

3.1. Research Design

Based on previous research (Figure 2) a
framework of science fair activity [4], and to
enhance students' Learning effectiveness in
science fair, first of all, this study hold a teacher
professional development activities for 30

teachers to design the 10 set checkpoints
scientific discrepant events activities (Figure 1).

Figure 1. An in-service teachers’ professional
development workshop

The Figure 2 is a Framework of Science Fair
Activity. It showed that we hold a teacher’s
professional development workshop based on
discrepant events. Simultaneously, developing
the science fair activity unit refer the discrepant

events. Students refer the discrepant events
drew the picture books on General Education
Course, then transfer to the soft. The e-picture
books run on the computer are used to guide
students to recognize discrepant events.
Finally, the ultimate goal of the activity is to
enhance the effectiveness of learning.
Professional Science Fair Learning

Development ' Activity I Effectiveness

Workshop J VR "

3 1T

Books
Drawing in
Figure 2. A Framework of Science Fair Activity.
Modified from study [4]

Teacher’s Science

Discrepant
Events

Analysis G. E. Course

Figure 3. Science Picture book

There are 40 Fine Arts Department students
design the picture books base on the scientific
discrepant events. Finally, made into e-Picture
books for a county science fair (Figure 3). It can
be produced by Flip-PDF-Pro software and run
on a mobile phones or tablets.

4. Results and Discussion
4.1. Results

The research shows that the design of
scientific activities will present a discrepant
events in different variables, and this can lead
to cognitive imbalances (or inconsistencies)
and curiosity among learners. The use of a e-
picture book guides the problem of contrast,
and hands-on action prompts the learner to
think rationally in order to reach his new

83



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

balanced mental model. Some small

experiments triggered the concept conflict of
students, which made them impressed and had
higher motivation for learning.
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Figure 4. Science fair activity

4.2. Activity Discussion

Implications for teaching and learning of
scientific thinking and future research were
discussed.

e Production of popular science picture
books: Through the general education
“‘Humanities and Technology” course of the
university, teacher guide the art students to
understand the discrepant events of
science and make the scientific e-picture
books in groups.

e Functions of e-picture books: The use of e-
picture books helps students participating in
science fairs to quickly understand the
differences in natural phenomena and
explore issues in scientific activities.
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Abstract. There is a widespread belief that the
substances heated in a microwave oven are
affected by the radiation they receive. In the
IES Val do Tea de Ponteareas, it was
developed by the Department of Physics and
Chemistry, with 4™ year ESO students, an
experience to find out if this belief is
scientifically grounded.

The results obtained were presented at the
Student Congress, held in the framework of the
Il Science Week, organized by the teaching
centers and the City Council of Ponteareas.

The students that developed this project will
outline the methodology used, the results
obtained and will evaluate their experience,
both in the scientific work and in the
participation in the Student Congress.

Keywords. Microwave, plant growth, common
believes, student congress, science week.

1. Introduction

Frequently new media outlets on the possible
negative influence of electromagnetic radiation
in the lives of human beings, and living beings
in general appear.

Against the opinion of the companies of the
branch, that deny any effect on the health, and
even the one of the authorities that, in the same
sense, argue that there are no studies that
demonstrate a negative repercussion on the
people, appears the opposite opinion of
ecological groups and some scientist, who try
to warn about a danger that we are not
completely aware of.

Extended use of mobile telephony, microwave
ovens, communications antennas in buildings,
wifi networks in workplaces, homes and
outdoor public spaces, high voltage lines,
transformers near homes, etc., makes us live
immersed in an intense tangle of Radiation of

different frequencies that, at least, should make
us reflect.

We will study the microwave radiation, very
familiar, since in almost all kitchens there is an
oven that uses this type of radiation to heat and
cook food.

1.1. Bibliographic Research

We did a brief search to find out what had
been done previously on this same subject, and
we found an increasing number of references in
the last years, with disparate results:

Some researchers found that microwaves
had some observable effect on plant growth
paramenters, which was considered sometimes
as a negative one, as Sahin [1] did, and in
others [2-3]) the effect was considered positive
for the plant germination.

There were also results [4] where the effect
varied according to the microwave frequency or
the plant type, or even, as was the case of
Roux et al. [5] where the effects depended on
the time the plants were exposed to the
radiation.

And finally, researchers like Senavirathna
and Asaeda T [6] reported that microwaves had
no observable effect on the parameters they
measured.

From these results we concluded that this
was an open issue even in the scientific
literature.

1.2. Microwave radiation

Microwave radiation is a type of low
frequency electromagnetic radiation and
wavelength of the order of the centimeters,
which are used in radars and ovens of the
same name. It is a low energy radiation, much
less dangerous than ultraviolet radiation or X-
rays.

1.3. The operation of a microwave oven

An oven of this type consists of a device that
emits microwave radiation that affects the food
that we want to heat or bake. In order for a food
to be cooked we must increase its temperature
and this is nothing more than increasing the
movement of the particles (molecules) that
make it up. It turns out that the molecules of
water and some fats are sensitive to microwave
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radiation, so that by affecting them, they vibrate
much more intensely. This increase in vibration
produces a lot of friction between the
molecules, which translates into heat. Foods
that are likely to be heated in the microwave
are those that have a certain content in water,
which occurs in virtually everyone.

Unlike a traditional oven, where the food is
heated from the outside, a microwave oozes
"from the inside".

2. The development of work

Our work will be to analyze the possible
impact on plants when watered with water
previously heated in the microwave oven.

2.1. The reason of the chosen subject

The real reason that made us choose this
subject definitively was the possibility it offered
us to be able to observe in a living being if the
radiation has real consequences and, in the
case of having them, what are they and how do
they manifest themselves; since, as we have
noted above, radiation is present in our days
and we often forget, or simply ignore, the risks
of it.

Searching on the Internet we discovered
similar experiments of people who have
watered during several weeks different plants
with this water previously heated in the
microwave oven. The results are contradictory,
in some cases the plants died, in others they
grew less and in other cases this apparently did
not affect them.

2.2. The choice of plants

We decided to carry out the study on two
types of plants: a flowering plant with slower
growth, such as Primrose (Primula vulgaris)
and Lettuce (Lactuca sativa), without flower
and faster growth. Both are outdoor plants.

Outdoor plants

Easy care and affordable
Slow-growing Fast-growing

Figure 1. Characteristics of the plants

2.3. The plantation process

Once the plants were chosen, we proceeded
to buy twelve samples of each type of plant,
along with the necessary fertilizer. Likewise, we
prepare twenty four containers to feed them in
the same volume conditions, we sow them with
the same amount of land and then they were
located in the Physics Laboratory of our school.

Figure 2. Plants’ location
2.4. Samples and methodology

We divided the twelve plants of each type
into four groups. The first three vegetables
were watered with water passed through the
microwave and left to rest until it reached room
temperature (Figure 3). For the following three
plants, water was boiled to confirm that the
possible variations in the development would
be due to the radiation and not to the
temperature acquired by the liquid (Figure 4).
The following group received water directly
from the tap after waiting for the decloration of
it (Figure 5). Finally, we contemplated the
possibility of being influensed by the
information already known and the progress of
the other plants, which is why we decided to
add a last group, whose form of irrigation was
only known to the professor until days before
the Science Week. These plants were irrigated
in the same order of the other groups, that is,
the first with water passed through the
microwave, the second with boiled water and
the third with tap water (Figure 6).

During the course of the experiment, we
went at the breaks between classes to the
laboratory in question. In it, we watched the
evolution, watered, prepared the water for the
next occasion and wrote down in a notebook,
along with the date, all those aspects and
details that we considered relevant.
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Figure 6. Plants from the forth group

2.5. The factors

To avoid any external factor that could vary
the results, we submitted all samples to the
same temperature conditions, always keeping
them with the radiator off and with the windows
closed; of light, rotating them after each
watering and amount of water, determining a
standard measure for each plant species,
according to the needs observed in each
review.

Taking this into account, we have achieved
that the only determining factors in the study

were radiation and heat on water.

Figure 7. Notes

Figure 8. Measuring glasses

2.6. The duration of the study

The experiment lasted approximately eight
weeks, from February 19 to March 23. During
this time, the plants underwent the evolution
shown in Fgures 9 and 10.

3. Conclusions

After the weeks of study, there was no
difference between the different irrigation
groups, so the results of the experiment can be
interpreted in two directions: the first would
imply that the study would not be conclusive, as
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there could have been an external factor that
affected all the primroses alike, but not the
lettuces; and the second possible interpretation
would be the claim that the radiation conditions
in the water did not affect the plants.

Figure 9. Primroses’ evolution

Figure 10. Lettuces’ evolution

the Student

4. Science Week and
Congress

This experiment and many others were
included in the lll Science Week of Ponteareas,
an annual event that brings together many
educational centers in the area to share the
interest and scientific knowledge through fairs,
exhibitions and talks.This edition had for the
first time a Student Congress in its agenda. In
that context, we presented our study to
students and teachers from other educational
centers.

5. Evaluation of the experience

In view of the results, there are certain

aspects that we would take into account if we
repeat this experiment again: we would take
more samples, because in the end we
considered them insufficient at the time of
drawing conclusions; we would lengthen the
period of study to try to observe long-term
consequences, and we would adapt the type of
plant chosen to the available location.

For us, as students, it was an opportunity to
develop the scientific method in a real situation,
where it was necessary to evaluate all the
variables and work rigorously. It was an
innovative and satisfying experience, different
from the usual work of the classrooms.
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Abstract. What is the function of the chemical
reactions that occur inside our cells? Which is
the main substrate for our cells? Do all living
beings need oxygen to survive? Why are plants
so important for us? In this work, the basis of
cell metabolism are explained through key
questions at a primary and secondary school
level. As a complement to this, laboratory
experiences on photosynthesis and
fermentation are also presented to help the
students understand how important plants are,
being the producers of both the organic matter
and oxygen that we consume and how some
unicellular organisms live without oxygen.

Keywords. Metabolism, energy, oxygen,
electrons, respiration, fermentation, glucose.

1. Introduction

Teaching experimental sciences such as
Biology or Chemistry is something that with no
doubt implies experimental activities. It is
considered that an effective education should
create an environment where the students
develop hands-on activities, as established by
Maria Montessori more than a hundred years
ago [1]. Observation and experimentation, as
important parts of experimental sciences are
thus important when teaching them.
Furthermore, in order to motivate the students
and arise their curiosity, teachers’ questions
are also crucial [2]. Therefore, this article
presents key questions and laboratory
experiences about metabolism, one of the main
branches of the fascinating world of
Biochemistry, in both a primary and secondary
school levels.

In the first part of the article, the basis of
metabolism are explained through different
questions that would let the students
understand how energy and matter are
obtained, transported and stored in our cells,
why glucose is the main substrate for metabolic
reactions, what is the role of plants as

producers of organic matter and oxygen, and
so on. In the second part of the article, the
laboratory experiences are presented: In the
primary school level, students will observe
photosynthesis. In the secondary school level,
the students will observe the fermentation of
glucose by yeast both qualitatively through the
presence of CO, bubbles and quantitatively
through spectrophotometric measurements of
glucose concentration. Students are also asked
to complete the experiment varying some
parameters that they would like to study such
as the effect of temperature, glucose
concentration or presence of oxygen.

2. Key questions to understand metabo-
lism
2.1. Primary school level: Why are plants so
important for us?

In  primary school, the concept of
metabolism as metabolic reactions that take
place inside the cells is difficult to introduce, as
the concept of cell is not always well
established. Therefore, it is simpler to focus the
students’ attention into the metabolic
relationship between animals and plants.

In the next sections an hypothetical session
is presented with four questions to understand
the importance of metabolism in order to
conclude with the main question of the session.
Why are plants so important for us? This main
question can be asked at the beginning and at
the end of the session in order to see how
different are the students' answers and they
understand the key concepts presented.

2.1.1. Why do we eat?

It may seem a very simple question but it is
a very good starting point to go in deep with the
two main functions of metabolism, even though
it is not necessary to mention the word
metabolism or metabolic reactions. The
possible answers that the students would give
is “Because we are hungry” and then we can
focus on why are we hungry and therefore why
do we need to eat. We also can introduce it by
asking what are we made from? or else from
where do we obtain the energy to move?
However, this second question may be more
problematic for the concept of energy that may
be not already introduced at that age. In the
end, the students should realize that we eat in
order to grow and realize that we are made
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from what we eat, although we transform it in
order to make our own body. We can also
introduce that the food give us energy to move
and do all the main functions of living beings.

2.1.2. What do we eat?

Once it is clear that we need to eat in order
to grow and obtain energy, the second focus
may be on what we eat. It is clear that we have
to make the students understand that all we eat
is plants or animals (apart from water and
mineral salts) but those animals at the same
time ate plants or other animals that ate plants
(Figure 1). Therefore, the students have to
arrive to the conclusion that all what we eat
comes from plants. Then, depending on the
level, we can go in deep with the question of
how plants grow just from a seed and taking up
water from the ground? and how are plants
able to make their own food? However, this
concept may also be better discussed in the
last question.
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Figure 1. Plants produce all our food. Plants are
the producers of our food, and the food from the
animals that we eat. We need the food to have
energy to live and matter to grow

2.1.3. Why do we breathe?

The answer to this question is a little bit
more difficult than the others, and depending
on what age we this is outlined it can be
answered in different ways. Of course, the
focus should be on oxygen, which we breathe
in but not breathe out. The students have to
come into the conclusion that oxygen is the
element that we need to live, as well as we
need the food.

2.1.4. From where do we obtain oxygen?

This is a key question where students
realise that both the food and the oxygen we
need to live come from plants. Here is where
we can talk more about photosynthesis by

asking why do plants produce oxygen? and
explain that process that is related with the fact
that plants also produce their own food, which
is at the end the organic matter that also forms
part of ourselves (Figure 2) [3]. This is also a
good point to instil the students to take care of
plants and, relating to our initial question, why
are plants so important for us?, now they are at
least convinced that they are important.

PHOTOSYNTHESIS

SUN LIGHT

4+ WATER ——————* OXYGEN + GLUCOSE

Wiy
o,

Figure 2. Photosynthesis allows obtaining
oxygen and food. Plants take carbon dioxide
from the air and water to transform thanks to the
energy from sun light to oxygen, which we
breath, and glucose, a molecule that is the base
to form the plants itself and therefore food
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2.2. Secondary school level: Is it possible to
live without oxygen?

In secondary school level, we can introduce
metabolism as chemical reactions that take
place inside the cells. However, a way to really
understand metabolism is to go through the
following questions:

2.2.1. Why do we need metabolic reactions?

At this level, we can introduce metabolic
reactions as reactions that are needed to
maintain cells alive and reproduce if it is
necessary. Some of the questions that can be
made are: From where do we obtain the energy
to live? or From where do we obtain the matter
to grow? Of course, students may answer from
food and we can make the same reflexion than
in primary school, which is that plants are the
main producers of organic matter. However, the
idea is to introduce at this point that some
metabolic reactions emit energy by breaking
the molecules (obtain energy to live) while
others build up molecules that we need from
precursors (obtain matter to grow, a process
that requires energy). At this point we can also
introduce ATP, which is the molecule that
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allows the cell to take up and release energy to
the metabolic reaction (Figure 3).

2.2.2. Which is the main substrate of our
cells?

The aim of this question is to start
introducing the main metabolic pathways such
glycolysis, Krebs cycle, etc. In this case, we
can address the question by making a
parallelism between which is the main food for
us. Bread or rice, which are cereals, and
therefore carbohydrates formed by
polysaccharides, mainly starch, would be the
answer. Which is the main component of
starch? Glucose is the main component of
starch and carbohydrates, and it is the
substrate that is most consumed by cells. It is
the starting point of glycolysis, it is a tiny
molecule, soluble in water, full of potential
energy, easy to store (for example, in starch)
and their carbons can be used to form other
biomolecules like proteins and DNA (Figure 3).
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Figure 3. Main functions of metabolic reactions.
The main functions of metabolic reactions are to
obtain energy to live and matter to grow.
Glucose is the main substrate for doing these
reactions, although we need also other
substrates

2.2.3. Why do we need oxygen to live?

We can start by understanding the role of
oxygen in our body. It goes through the blood
to all the cells of the body. Therefore, oxygen is
needed for the cellular respiration, which takes
place in the mitochondria. Then, we can
introduce a question like what do we have in
common with a battery? In metabolic reactions
not only exchange energy through ATP but also
electrons. Glucose is full of electrons that when
it is metabolized (oxidized), the molecule of

NADH will take up and carry on (Figure 4).
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Figure 4. Glucose pass its electrons to NADH.
Glucose oxidation can not take place without
another molecule that takes its electrons. As
ADP takes the energy becoming ATP, NAD takes
the electrons and becomes NADH
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Figure 5. Simplified version of glucose
catabolism. The respiratory chain allows
obtaining 36 ATP from one single molecule of
glucose, much more than the 2 ATP obtained
from glycolysis

In glycolysis, we obtain 2 molecules of ATP
and 2 molecules of NADH. However, if
pyruvate from glycolysis goes to the
mitochondria and passes through the Krebs
cycle the oxidation of glucose is complete. We
obtain 2 more ATP and 10 more NADH. Then,
in the respiratory chain located in the
mitochondrial respiration chain, each NADH is
transformed to 3 ATP thanks to oxygen, which
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is the final acceptor of the electrons that carry
on the NADH. This makes the complete
metabolization and respiration of a molecule of
glucose much more efficient (38 ATP) than only
glycolysis (2 ATP) (Figure 5) [4]. It is believed
that that great efficiency made possible the
transition from unicellular organisms to
pluricellular, an important step in evolution.

2.2.4. Do all living beings need oxygen to
live?

Many unicellular organisms, both prokaryotic
and eukaryotic are able to survive and
reproduce without oxygen. They perform a
metabolic process called fermentation, which
consists on glycolysis and a final reaction that
recovers NAD+ and accepts the electrons from
glucose. Furthermore, we as society take profit
of that process and use different organisms to
produce wine, bread, yoghurt, and so on.
These products come from the fermentation by
bacteria or yeast of the glucose from the sugar
of grape juice (wine), milk (yoghurt) or from the
starch of flour (bread) or barley (beer), among
other examples (Figure 6).
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Figure 6. Simplified version of glucose
fermentation. Without oxygen, glucose can
undergo different metabolic reactions where the
final electron acceptors are lactate, ethanol or
acetate, products that we use for the production
of many foods and drinks

3. Laboratory experiences
3.1. Primary school level:
photosynthesis

Observing

The following laboratory experience is a way
to observe how algae make photosynthesis by
exposing the algae beads into more or less
light and observing the change on their density,
in result to more or less oxygen production [5].
We can explain more about photosynthesis
(depending on what we explained in the last
question of the theoretical part) and students
are ask to design the experiments, proposing
the places where the containers with the beads
can be in order to observe the different oxygen
production depending on the light (Figure 7).

Figure 7. Photosynthesis laboratory experience.
Observation of photosynthesis through the
density of algae beads that produce oxygen

when exposed to light

3.1.1. Material

e Green algae culture (for instance, from
Chlorella gender)

2% wilv of sodium alginate solution.

3% wi/v of calcium chloride solution.
Distilled water.

15 mL tubes for the algae culture.
Pasteur pipettes.

Little glass containers.

3.1.2. Procedure

e Mix 5 mL of green algae culture with 2.5
mL of sodium alginate solution.

e With the Pasteur pipet, drop by drop
release the algae mixture to the glass jar
containing the calcium chloride solution,
which should be cold.

e Change the calcium chloride solution to
distilled water (2 washes)

e Now the students can think by
themselves the places to perform the
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experiment depending on how many
glass jars they have. One can be always
dark (with aluminium foil), others with
natural light, in the shadow, with artificial
light, etc.

e Observe every day until four days if the
algae beads rise at the surface or not
depending on the light they receive.

3.2. Secondary school level:

fermentation

Quantifying

In this laboratory experience students will
observe metabolic reactions (specifically
fermentation) both qualitatively (by observing
the formation of bubbles) and quantitatively (by
spectrophotometric measurement of glucose
concentration). At the beginning of the practice,
we can explain the reaction of fermentation
(Figure 8) as an anaerobic metabolism (as we
explained in the last point of the theoretical
part). Students are asked to design the
experiments as they want: They can choose
the incubation conditions: Different
temperatures, different glucose concentrations,
and so on.
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Figure 8. Fermentation laboratory
experience. Observation of fermentation
through the CO, bubbles after an incubation
of yeast with glucose

3.2.1. Material

e Yeast culture (for
Saccharomyces cerevisae)
e 100 mM glucose solution

example,

e Enzymes solution: 80 mM Pipes buffer
(pH 7.6), 3.04 mM NAD+, 1.76 mM ATP,
0.1% Sodium Azide, 4 mM Magnesium
sulphate, 1.7 U/mL Gluocse 6-phosphate
dehydrogenase (G6PD) and 1.7 U/mL
Hexokinase (HK).

Distilled water

Eppendorf tubes

Spectrophotometer cuvettes

Pasteur pipettes

Micropipettes (1 mL and 200 pL)

37°C bath

Centrifuge

Spectrophotometer

3.2.2. Procedure

e Take up 1 mL of the yeast culture with
the micropipette or a Pasteur pipette and
release it in an Eppendorf tube.

e Centrifuge it 500 g (1.200 rpm in a
MiniSpin) during 2 minutes.

e Discard the supernatant.

e Add 1 mL of glucose solution to the tube
with the pellet of yeast (if the students
want to study different concentrations of
glucose, dilute the 100 mM before and
add the different solutions).

e Resuspend with the micropipette.

e Place the tubes into the places that the
students decide (if they want to study the
effect of temperature, place some tubes
to the fridge, some at room temperature
and some at the 37°C bath). Incubate for
45 minutes while doing the next steps:

e Perform a bank of glucose dilutions from
100 mM that will be the standard curve
for the quantification of glucose
concentrations. The dilutions can be
1/20 (5 mM), 1/10 (10 mM), 1/7,5 (15
mM) and 1/5 (20 mM) with distilled
water.

e Add 1 mL of enzymes solution
(HK+G6PD) to the cuvette and 5 L of
the standards, resuspend.

e Wait for 10 minutes while the reaction
takes place.

e Read the standards in the
spectrophotometer at 340 nm.

e Now observe the yeast incubations,
observe if they have bubbles of CO2 as
a subproduct of fermentation.

e Centrifuge the tubes of the incubations.

e Take the quantity of the supernatant to
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make a dilution 1/10 in a new eppendorf.

e Take 5 uL of this dilution add it in a
spectrophotometer cuvette with 1 mL of
enzymes solution.

e Wait for 10 minutes while the reaction
takes place.

e Read the samples at 340 nm.

e With the result of the standards and the
samples, calculate the difference of
glucose concentration between the
beginning of the incubation (100 mM)
and the end, in order to quantify the
fermentation.

4. Conclusions

In this article, the principles of metabolism
are explained at both primary and secondary
levels with theoretical questions and practical
experiments. When learning metabolism, as
well as other fields of experimental sciences, it
is very useful to question the students with
some basic questions that can be answered in
a very deep way depending on the level.
Moreover, laboratory practices drive to a better
learning experiences because the students can
see with their eyes what was explained and
they can think about what happened in the
experiment and even, in this case, design the
experiments [6].
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Abstract. Image analysis is a process used to
gather quantitative information from images
which can be applied to different fields, from
traffic monitoring to optical microscopy. It is a
crucial requirement in scientific publications as
images alone are subjective and an ineffective
way of communication. In this paper it is first
shown how images can trick the eye. Then,
several daily life applications of image analysis
are described. Finally, the main steps of an
image analysis protocol are summarized
pointing out the difference between analysis
and manipulation of images.
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1. Optical illusions

Optical microscopy is a technique that all
laboratories in the field of live science use in a
daily basis. It is routinely used, for instance, to
check cell cultures, cell or organism
phenotypes and specific staining performed on
samples. Whatever is observed under the
microscope can be recorded as pictures but is
at the point of showing those images in a
scientific paper that some issues arise because
images are not an effective way of
communication [1]. They are well known the
many examples of optical illusions where
different people see different things in the same
image (Figure 1A) or where the perception of
what is seen depends on the surrounding
context (Figure 1B). Moreover, people tend to
interpret what they see (Figure 1C) and to look
for known things when searching for further
details (Figure 1D). As a consequence, any
scientific conclusion other than the simple
description of what is shown is subjective and
therefore, any quantitative result gathered from
images should be obtained by means of image
analysis.

Figure 1. Optical illusions. A) A cartoon
published in 1915 by W.E. Hill that shows,
depending on the observed features, a young
woman or an old hag. B) Horizontal
homogenously grey rectangle inside a
background with a grey gradient. C) The famous
Dali’s painting: “Gala nua mirant el mar que a 18
metres apareix el president Lincoln” (1975). At a
certain distance one can infer the face of
Abraham Lincoln. D) A brain challenge riddle
showing one tiger and asking the observer to
look for the hidden tiger [2]

2. Daily life
analysis

applications of image

Image analysis is not only designed for
optical microscopy images and indeed it has
several applications affecting the daily life. In
recent years there has been an increasing
interest in developing computer vision
techniques to monitor different types of
environments and use the results in urban
planning, security, etc. This same year 2018,
appeared in the news the Chinese project for
facial recognition to be used for surveillance of
people (Figure 2A) [3]. Moreover, it can also be
used to monitor the road traffic (Figure 2B) [4]
or the crowds (Figure 2C) [5] and to track
passengers and their bags in airports (Figure
2D) [6].
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Figure 2. Image analysis applications affecting
the daily life. A) Washington Post image used to
illustrate the Chinese project for face
recognition [3]. B) Image showing car detection
used to monitoring the traffic [4]. C) Image
illustrating human displacement monitoring [5].
D) Image of an airport security gate where
passengers and bags are detected and tracked
by means of image analysis [6].

Image processing in all cases is based on
identifying the objects of interest from their

background or surrounding environment and
then extract meaningful information from them.
The bottleneck of such processing is precisely
that object identification which mainly depends
on the quality and resolution of the images and
videos to analyse.

3. Analysis and manipulation of images

The quality of images may be impaired by
several factors. In fluorescence microscopy, the
first step to grant a good image quality is the
sample preparation, just before any observation
is made [7]. In this step the objects of interest
need to be somehow stained and the signal
from the staining molecules should be bright
enough to clearly discriminate from the
background and from the autofluorescence. If
several markers are required they need to be
carefully selected to avoid any spectra
crosstalk between them. Then, after sample
preparation, the next step in assuring a good
quality and resolution of images is their
acquisition under the microscope. Here it is
important to maximize the signal-to-noise ratio
(SNR) while working at a resolution able to
discriminate the objects of interest [8]. Images
need to be acquired emphasizing those
features that the image analysis will try to
detect however, both the analysis and the
quality and resolution of images need to be set
together. In case that the objects cannot be
accurately identified within the images either
the acquisition settings or the sample
preparation or both can be modified
accordingly.

The process of image analysis typically
involves three main steps: first, the images are
pre-processed to reduce the noise and the
background, correct uneven illuminations, etc.

Second, the object are identified and
distinguished from their surrounding
background in a process known as

segmentation. This step can be achieved in
several ways: from setting intensity threshold
levels to creating sophisticated machine
learning algorithms [9]. Third, the analysis of
the segmented objects is performed, extracting
those morphometric and/or densitometric
measurements required. An example of this
protocol is showed in Figure 3 where it is
measured the intensity of the staining of
intercellular junction proteins [10]. First the
image with the original staining is presented
(Figure 3A).
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Figure 3. Example of an analysis protocol of
optical microscopy images. A) Original image.
B) Same image showed in A after processing. C)
Image showing the ROI resulting from the
segmentation of the image. D) Overlay of the
ROI showed in C on the image in A. E) Graph
showing the intensity measurements (Intensity
Units, IU, y axis) of different treatments (x axis).
Each column represents the mean intensity with
its SD and the statistical significance is
highlighted (a). Adapted from [10]

It is observed the fluorescent signal at the
cell borders but also inside the cells. Then,
images are processed to emphasize the
staining at the cell borders over the noise and
the intracellular signal (Figure 3B). After the
processing step, images are segmented by
setting an intensity threshold that divides the
pixels in the images in two groups: 1) those
above the threshold (bright pixels) which
belong to the cell junction staining and 2) those
below the threshold (dim pixels) which are
discarded.

Figure 4. Example of image manipulation. A)
Image showing several cells double stained on a
black background. B) The same image in A after

increasing the contrast. White arrows point out
cells added digitally from a different image.
White arrowhead points out intensity
manipulation of cells. Adapted from [11]

Around the first group of pixels it is obtained
the region of interest (ROI) thus surrounding
the junction staining (Figure 3C). Finally, this
ROI is superimposed on the original image to
measure the intensity inside it (Figure 3D).
Finally, in order to get statistics of this
measurement, the described protocol has to be
repeated on different fields of view and on
different replicas of the same sample, and the
same for the different cell treatments to
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compare. At the end, a graph can be generated
with the average intensities and their standard
deviation (Figure 3E).

At last it is worth to mention that many of the
tools used for image analysis can also be used
to manipulate the images. Most of the times
this type of manipulations are performed for a
matter of beautification of the images however
the reviewer may interpret it differently. An
example of this is showed in Figure 4 where an
image with several cells spread in the field of
view is shown before (Figure 4A) and after
(Figure 4B) contrast enhancement. Increasing
the contrast in the image shows that several of
the cells were added digitally (white arrow) and
even some of them were manipulated to
increase their intensity (white arrowhead). This
has nothing to do with a scientific analysis and
should be avoided. Nowadays, several journals
offer guidelines for image edition [11] and have
started to ask for the original images trying to
control this type of fraudulent procedures. In
case some manipulations are performed on
images it is highly recommended to describe
them in the publication. Honesty is the best

policy.
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Abstract. Our team from the Joint Institute for
Nuclear Research (Dubna) and InterGraphics
LLC more than 15 years has been involved in
advancing of science education for school
students and teachers as well as for
universities students [1-2]. In this report we
would like to present different interactive
models and 3D visualizations for school
teachers and students which explain basic
principles of operation of colliders, accelerators,
research reactors and modern particle
detectors. We also discuss some new results
obtained with the help of colliders to study early
Universe in collisions of relativistic heavy nuclei
and synthesis of new super heavy elements in
experiments at heavy ion cyclotron. We also
would like to present new educational materials
on physics and engineering in format of
massive open online courses.

Keywords. Colliders, accelerators, new
superheavy elements, quark-gluon matter,
neutrino,  high-school education, nuclear
physics, reactors, applied researches and

engineering.
1. Introduction

Our team from the Joint Institute for Nuclear
Research (Dubna) and InterGraphics LLC more
than 15 years has been involved in advancing
of science education for school students and
teachers as well as for universities students.

JINR is an international research centre
where unique basic facilities are being created
and where scientists conduct research in the
following up-to-date scientific fields:

e studies of a new quark-gluon state of
matter at Relativistic Heavy lon Collider
(RHIC) at  Brookhaven National
Laboratory (USA) within the international
STAR collaboration and construction of
the superconducting collider NICA in
Dubna;

e search for new superheavy elements of
Periodic Table in experiments at
the cyclotron accelerator;

e neutrino physics research in deep
underwater at Lake Baikal in Siberia;

e use of accelerators of protons and heavy
ions for medical purposes;

e studies at the pulsed neutron research
reactor IBR-2.

We have created attractive 3D models of an
accelerator and a collider, a cyclotron and the
physical facility for study of synthesis of new
superheavy elements, models of the pulsed
neutron reactor for researches in material
sciences and ecology.

We are also developing series of online
courses about modern science. In this report
we will present online courses on physics and
technology:

e “Relativistic Heavy lon Collider — the
Universe in Laboratory”,

e “Synthesis of New Super Heavy
Elements”,

e “Engineering Is the Second History of
Civilization”.

These courses are adopted for high-school
students and physics teachers.

The implementation of results of modern
research projects makes an invaluable
contribution into such the fundamentally
important problem as the raise of educational
and cultural awareness of people. Educational
support of such projects is aimed at attracting
public attention (school and university students,
science teachers and generally interested
audience) to the scientific achievements.

The wuse of modern multimedia and
communication technologies for the
development of projects related to the science
popularization opens up wide opportunities for
explaining complicated things in a clear and
understandable form.
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2. Colliders -
Laboratory

the Universe in the

Modern scientific findings and technological

solutions  should be accompanied by
educational, popular-science and outreach
projects intended for a wider audience,

including school students. In the future it will
allow us to overcome a serious social problem
— decline in young people's interest in
scientific research and engineering professions.

One of the main goals of modern physics is
to answer the questions: “How was our world
created?”, “What are the building blocks of
matter?”, “What was happening right after the
Big Bang and further in the process of the
Universe formation?” Experiments at modern
colliders allow to answer these questions. We
have prepared educational multimedia
materials about modern colliders, principles of
their work and the processes that took place at
the very beginning of our Universe formation.

To study the Universe in the Laboratory we
need to create high-density baryonic matter like
it exists in neutron stars or matter at
temperatures millions of times higher than the
temperature at the surface of the sun. For
experimental study it is necessary to create
baryonic matter in the extreme conditions.
Heavy ion colliders produce such matter in
collisions of relativistic heavy ions (RHIC, LHC).

With this purpose a new project NICA
(Nuclotron-based lon Collider fAcility) was
started.
- =
il 1 :"

Figure 1. Multimedia educational resources:
NICA Complex and multipurpose detector MPD

We also have developed the online-lesson
for school students — “NICA — Universe in the
Lab” [3]. In this video Academician Grigory
Trubnikov speaks about the research that
scientists from different countries will carry out
at the NICA accelerator complex. This is an
education material for school students and
science teachers, which we tried to do
interesting for all ages. It is a popular science
movie, where we talk about the role of science

in our life, how our Universe was created, about
phase transitions of matter and quark-gluon
plasma etc. We explain why we need particle
accelerators and colliders and how they work.

Our experience of public presentations and
workshops shows that teachers and school
students take great interest in our multimedia
presentations.

All results of this work are in the public
domain and can be used in the educational
process.

3. Synthesis of Super Heavy Elements
(SHE) Factory

The Laboratory of Nuclear Reactions is
world-known for the discoveries in the
synthesis of superheavy elements. The
element 105 in the Periodic Table is named
“Dubnium” after the Russian town Dubna where
this element was first synthesized. The element
114 was named “Flerovium” after the lab
founder Georgi Flerov. At the end of 2016 two
more elements obtained in Dubna were
officially included into the Periodic Table. The
first of them is the element 115 — Moscovium. It
was named after the Moscow Region where the
Joint Institute for Nuclear Research is located.
The second — the element 118 — Oganesson is
named after the academician Yuri Oganessian
who works at the Joint Institute for Nuclear
Research in Dubna. One of the key projects of
JINR is the construction of the factory of
superheavy elements (SHE Factory) in the
Flerov Laboratory of Nuclear Reactions. SHE
Factory is created on the basis of the new, the
most powerful in the given region, accelerator
of heavy ions DRIBs-IIl (Dubna Radioactive lon
Beams) with the intensity exceeding the world
analogs 10 times. This will allow to solve the
problem of synthesizing of new elements with
atomic numbers 119, and 120, and beyond.

Figure 1. Multimedia educational resource: SHE
Factory

We have developed 3D models of the heavy
ion cyclotron and its detection system which we
complemented with educational materials on
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synthesis of new elements of the Pereodic
Table.

4. Baikal Neutrino Telescope

A neutriono is the most mysterious
elementary particle. One of the main directions
of JINR research activities is the development
of methods for deep underwater elementary
particles detection and construction of
detectors using vast bulks of water of natural
reservoirs as target and working substances. At
the Baikal Neutrino Station an unique large
telescope NT-200 is now being constructed for
deep underwater neutrino research with an
effective detection area of 2-11 thousand
square meters (for atmospheric muons) and
controlled water bulk of about 200 thousand
cubic meters. The construction of this
multipurpose setup will allow to search for new
elementary particles and rare processes, and
fulfill a large-scale experimental research

program in the field of high-energy cosmic ray
physics.

Figure 2. Multimedia educational resource:
Baikal Neutrino Telescope

5. IBR-2 Reactor

IBR-2 is a fast neutron pulse reactor. Its
main distinctive feature is the mechanical
modulation of reactivity with a movable
reflector. The reactor is located in the
Laboratory of Neutron Physics and intended for
studying the properties of condensed matter
and nanostructures using neutron scattering.

6. Modern Physics and History of
Engineering — Online Courses

We are also developing series of online
courses about modern science. In this report
we will present online courses on physics and
technology [4-5]:

e “Relativistic Heavy lon Collider — the
Universe in Laboratory”,

e “Synthesis of New Super
Elements”,

e “From Atoms to STARS: How Pysics

Heavy

Explains our World”,
e Engineering Is the Second History of
Civilization”.

These courses are adopted for high-school
students and physics teachers. We are
developing the educational portal [2] where
results of our educational projects are

presented.

Figure 3. Multimedia educational resource: IBR-2
Reactor

Figure 4. Online courses at edX and Coursera
platforms
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Abstract. The project “Virtual Laboratory of
Nuclear Physics” (VLab) for university students
was presented at the HCsi Conferences in
2014 and 2017 [1-2]. Resources of this project
are available at our website [3]. These
resources are used by more than 15 countries
at university level to add more value and
understanding about educational teaching and
learning [4]. In this report a discussion will be
held about the adaptation of this project for
high-school students and the creation of not
only the virtual laboratory, but also the use of
the traditional laboratory for studying the basics
of experimental nuclear physics. The goal of
this report is to present results of this project
which was applied to the high school teaching
community. The main focus is to make
teachers at high schools aware of these
resources which are available with the hope
that they will implement this resource in high-
school education teaching and learning, which

will  improve the understanding and
development of nuclear physics at schools.
Keywords. Colliders, accelerators, new
superheavy elements, quark-gluon matter,
neutrino,  high-school education, nuclear
physics, reactors, applied researches and
engineering.

1. Introduction

Experiments have always been an integral
part of the experimental sciences, such as

Physics, and are one of the most effective ways
to get first-hand knowledge about certain
concepts and principles in a study field such as
nuclear physics. It is challenging for schools to
set up an excellent practicum on nuclear
physics, because they do not have enough
knowledge, understanding, equipment or skills
available.

At the Joint Institute for Nuclear Research
(JINR), a new educational project, the Virtual
Laboratory (VLab), was initiated.

2. Hands-on practicum on experimental
nuclear physics for high-school
students

Initially the target group of this project was
students of different universities and young
specialists who started their careers in
experimental nuclear physics. This project was
divided into 3 parts:

e Software complex (includes illustrated
theory, quizzes, exercises and virtual
practicum with data obtained from
traditional experimental facilities)

e Hardware complex for student practices
(the  laboratory  with  experimental
equipment at the JINR was used)

e Environments for performing nuclear
experimental modeling (virtual tool for
experiment modeling and for modeling
elements of experimental equipment)

Several practices were successfully held for
university students from all over the world. After
these practices, a new decision was made to
adapt this resources for high-school students.
The aim was to help high-school teachers to
set up nuclear physics practicums. It was quite
a complicated task because it was taken into
consideration that students at high schools
have limited knowledge and access to nuclear
physics resources.

This year under the project “Virtual
Laboratory” the extensive “hands-on” practicum
program for high-school students at the Joint
Institute for Nuclear Research was initiated.

The first part of this practice includes
lectures provided by the scientific stuff of the
JINR. The main goal of these lectures was to
do revision with students about the basic
concepts of nuclear physics. It created
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opportunities to give new resources and
explanations to the students about processes
that happen inside matter and also the methods
how to detect different types of radiation.

During the
following:

lectures students study the

» The basic concepts of nuclear physics
» Radiation sources

* Interaction of radiation with matter

+ Different types of radiation detectors

» Experimental electronics

+ Data acquisition and analysis

Students can test their knowledge and
understanding by doing quizzes and exercises
which are loaded on the VLab.

Figure 5. Work with VLab software complex

Most of the time students spend their time

working with traditional experimental
equipment. In this practicum, under the
supervision of specialists, students get

acquainted with the basics of electrical signal
measurements, knowledge about operation of
semiconductor, scintillation detectors and
modern detectors for time-of-flight
measurements and also study the vacuum
system needed for the study of alpha particles.
Students assemble and work with a scintillation
telescope for registration of cosmic rays.
Attention was given to the analysis of
experimental data.

For this practicum methodological resources
were used which include step-by-step
instructions that guide the students to achieve
the results needed, pictures of expected
outcomes and opportunities were created to
help students write their conclusions. This
practicum runs for 3 weeks, but it is possible to
set up practices for a shorter period of time.

Figure 6. Preliminary calculations before
measurements

Figure 8. Work with the scintillation telescope of
cosmic rays

In April 2018, the VLab team organized an
intensive “hands-on” practicum for a selective
group of high-school students from HEMDA-
Center for Science Education, located in Tel
Aviv, Israel. They run a special program aimed
to gifted and highly motivated students. The
students enter a two-year program in which
they learn physics and mathematics at the
university undergraduate level. Hands on
experiments are also an important part of their

103



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

program. The visit to the JINR represents the
peak of their studies. The first experience has
shown that students display heightened interest
in nuclear physics experimental activities. No
one was left behind. Everyone has passed all
the stages of the practice successfully!

Of course, we should also note the very high
level of students from Hemda Center in physics
and mathematics.

Figure 9. Students are studying the vaacuum
system for nuclear physics experiment

By analyzing the outcomes of this practice it
has shown that the students passed the
practicum at different stages. This project also
cater for advanced students, who were
recruited from universities.

Figure 10. Assembling of the detection system
of the light ion spectrometer

3. Conclusion

The VLab project at the Joint Institute for
Nuclear Research developed the hands-on
practicum on experimental nuclear physics for
high-school students.

All teachers and students from all over the
world are invited to the Joint Institute for
Nuclear Research to take part in the hands-on
practicum on Nuclear Physics. Future plans for

this project are to broaden this practicum by
inviting teachers to take part as practicum
developers and develop skills to achieve and
teach more methodological approaches about
nuclear physics.
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Abstract. Scientists do not rely on words
alone. Drawings of some form are an integral
part of science education across the genre,
physics, chemistry, biology, geology for
example. Making drawings is an active ‘hands-
on’ activity and integral part of scientific
picturing or visualisation together with for
examples diagrams, photographs, videos.
These drawings provide evidence for educators
of some of a child’s understanding because
drawings are but one instrument in an
educator’'s assessment repertoire of obtaining
data. The skills of accurate representations
develop as a child matures but all involve
hands on activity. Moreover, drawings are a
universal form of communication, free of
linguistic variation, hence transverse cultural
and language barriers. Analysing such
drawings executed by children is one method in
science education of eliciting an expressed
model of what they think about something be it
of the exterior or internal organisation of an
organism. This paper presents the results of a
longitudinal study of children’s understanding of
what is inside themselves by following the
same class from entry into their primary school
aged 5 years and analysing the content of their
drawings. As children aged they produced
more realistic drawings gradually learning more
but few developed an understanding of a
system as defined in the rubric systems at the
end of pre-secondary education when not all
the members of the original intake were still at
the school.

Keywords. Biology, drawings, children’s

understanding, research methods.
1. Introduction

Drawings have been created by humans
from earliest times. The cave drawings of
Europe and the more recently discovered ones
in Indonesia inform us that drawings have been
used by our species for literally centuries as a
record of happenings such as hunts and in one
instance of the night sky. Drawings are

constructed for a variety of purposes in science
education. They are particularly pertinent in
biological learning as 2 D representations
derived from obervation of organsims, external
or internal structures, e.g Tunnicliffe and Litson
[1] or the drawing of the outline of a process [2].

Ainsworth et al. [3] assert that students will
deepen their understanding if they generate
their own representations of a phenomenon or
concept. However, drawings alone do not
reveal all that a person understands about a
phenomenon but are an indication of their
mental model, as a form of expressed model
[4]. These expressed models are generated
from mental models which are considered the
personal cognitive representations held by
individual subjects. Using drawings in biology
learning has both advantages and
disadvantages in being wused to elicit
understanding through analysis of the
expressed models. Drawings are a universal
form of communication, free of linguistic
variation, hence transverse cultural and
language barriers. Thus enabling international
comparisons to be made. However, children
may be unable to draw all that they know.
Hence interviewing the learner with their
drawing is a more effective means of assessing
their understanding, as for example, sometimes
a child will confide in interview that they had not
the technique to draw that which they aspired
to or decided not to.

Children see objects and organisms from
their earliest years and can begin making
representations which become more ‘accurate’
as they acquire certain skills they can represent
them. Drawing is easier than writing for many
children, particularly very young children, and
making representations on paper is a stage in
the development of a normal child. Luquet
(1921), (cited by Krampen [5]) felt children do
not directly transmit the characteristics of
objects, that is, they do not simply copy them,
but rather they put on paper the features of
objects that they observe. He recognised
stages in this development, in which there is a
gradual tendency toward realism. Thus, the
final aim of drawing would be a realistic
translation of the visual properties of objects
into graphics. Luquet proposed five phases in
drawing development [5]: (1) Scribbling (ages
2-3 years); (2) Fortuitous realism (the
discovery of similarities between certain
features of scribbles and objects in reality,
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which begins to emerge at ages 3—4 years); (3)
Failed realism(synthetic incapacity, as seen in
drawings by children of 4-5 years of age); (4)
Intellectual realism(the child draws what is
known about reality, a stage that is generally
from 5-8 years); (5) Visual realism(in this
stage, which occurs between ages 8-12, the
child draws what is visible only from a certain
point of view in reality, i.e., from a certain
perspective). Alternatively, Symington et al. [6]
suggested there are three stages in the dev
elopement of children’s drawings, a scribbling
phase, followed by scribble symbolism
culminating in visual realisms.

Figure 1. “Me’ drawn by Luc, aged 4. A Welsh
boy. One of many identical drawings he
produced

Research on children’s ideas about internal
organization of organs and organs system is
more common in vertebrates as for example
[7].This study was focused on the organisms
with which a child is most familiar, themselves.
From other work | have found that very young
children scribble, they progress to scribbling in
an outline and then develop ‘Tadpole’ man. The

children in this study had largely entered the at
least early stages of visual realism. Such
concurs with the observations of Krampen [8]
suggests that one way of looking and draws
conclusions about the drawings of children is to
focus on one figure, such as the human. He
reports that it was soon discovered that such
drawings change from the tadpole man to a
realistic presentation.

2. Methodology

The study reported here shows and
discusses what can be learnt from drawings
and from interviews of 5-11 year-old English
children in a one form entry primary school in a
middle sized town in the Home Counties of
England

Definition of level of organ
knowledge
1 No representation of internal structure.

Level

2 One or more internal organs (e.g.
bones and blood) placed at random

3 One internal organ (e.g. brain or
heart) in appropriate position.

4 Two or more internal organs (e.g.
stomach and a bone 'unit' such as the
ribs) in appropriate positions but no
extensive relationships indicated
between them

5 One organ system indicated (e.g. gut
connecting head to anus)

6 Two or three major organ systems
indicated out of skeletal, gaseous
exchange, nervous, digestive,
endocrine, urinogenital, muscular and
circulatory.

7 Comprehensive representation with
four or more organ systems indicated
out of skeletal, gaseous exchange,
nervous, digestive, endocrine,
urinogenital, muscular and circulatory

Table 1 The scoring of organs shown in drawing
of the human body [9]. In analysis the organ is
denoted by the small letter of the system to
which it belongs. See Table 2 for system
definitions

The children were given a A4 blank sheet of
white paper and asked to draw what was inside
themselves. They were not provided with an
outline. The class was visited at the same time
in the Spring Term (between The New Year
and the Easter (Spring) holidays by the same
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researcher, English schools usually have 3
terms in the school year, Autumn, Spring and
Summer, the next school year beginning in the
September. After the whole class drawing
session each child was interviewed separately,
by the researcher, at the side of the classroom,
with their drawing which we used as the cue for
questions. The researcher asked them to talk
about each organ they had drawn and where
they had found out about it.

Code Definitions

S Skeletal system Skull, spine, ribs and
limbs

r Gaseous exchange Two lungs, two
bronchi, windpipe system which joins
to mouth and/or nose

n Nervous system Brain, spinal cord,
some peripheral nerve (e.g. optic
nerve)

d Digestive system Through tube from
mouth to anus and indication of
convolutions and/or
compartmentalisation

e Endocrine system Two endocrine
organs (e.g. thyroid, adrenals, pituitary)
other than pancreas [scored within
digestive system] or gonads [scored
within urinogenital system]

u Urinogenital system Two kidneys, two
ureters, bladder and urethra or two
ovaries, two fallopian tubes and uterus
or two testes, two epididymes and
penis

m Muscular system Two muscle groups
(e.g. lower arm and thigh) with
attached points of origin

c Circulatory system Heart, arteries and
veins into and/or leaving heart and, at
least to some extent, all round the
body

Table 2 Definitions used for the systems of the
human body [9]

The collected drawings were analysed for
content using the rubric of Reiss and Tunnicliffe
[9]. In the analyses (Table 1) and 2) the small
letter of the organ system to which the organ
belonged indicated an organ whereas the
capital letter represented the drawing of a
whole system. For instance, if a bone were
indicated it was scored an ‘ s’ for a component
of the skeletal system, but if a representation of
a whole skeleton with pelvis and pectoral
girdles, limbs, ribs and skull together with

vertebrate column were drawn it was denoted
as an ‘S’.

The definitions for these rubrics were
complied by two biologists who were also
experienced school teachers.

The children’s responses to “What is this,?”
when asked about their drawing were noted by
hand on a proforma responses sheet by the
researcher. The early year interviews were also
audio recorded and transcribed.

3. Results

A series of drawings were obtained together
with a record on the interview of the same
child’s answers about their drawings throughout
their primary school career.

SRRV e L g .1nl_-n\ll'l."'f"""

\

.«-'-"h—’uf'
D

Figure 2 A year one girl scored cdsn (‘c’ for
circulatory as a heart represented, ‘d’ for
digestive as it appeared to be a stomach, ‘s’ for
the bone representations and ‘n’ for the brain).
According to Table 1 this was scored as a Level
4. The brain and heart were at approximately the
appropriate place
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Figure 3 Another year 1 child’s drawings scored
as level 4 as the indications are that they knew
the appropriate place for three orgs, ‘s’ bone, ‘n’
brain, ‘d’ stomach part of digestive system. It
was decided that this was not a representation
of the heart. Even young children drew the
iconic ‘love heart’ as in Figure 2

Figure 4. This drawing from a year 2 girl shows
many bones

The drawing in Figure 4 was assessed as
level 4. This dog shape depicting bones is
characteristic of early years in such drawings
through the world. This girl had only inserted

dog bones in her yr 1 drawing and was
assessed as level 3 she is assessed as level 4
because she has both bones and a heart. In
Year 3 she had acquired more organs
belonging to more systems but was still at
Level 4, ncdsu.

Figure 5

With reference to Figure 5, this girl in Year 5
she had added and organ but omitted kidney.
She was absent in year 6 the respiratory
system so had an r".

e Brow

Figure 6

One girl who was present throughout the
years began in years 1 with a level 3 indication
of two organs forming the nervous system
(brain) circulatory system (heart) and some
bones, and at Year 6 was still, from her
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drawing, scoring level 4 but with an extended
collection of organs of which she was aware.
Namely nmcsrud.

Unusually she had indicated muscles from
her year 4 drawings upwards but only included
a digestive system organ and an excretory
system organs (kidney) in year 6. However, on
interview she was assessed as Level 5
systems (one) because she could explain the
relationship between the kidney and the
bladder and the urethra. Several children
scored a higher score highly from the
discussion using their drawings. A boy called
M, for example from his transcript, was fully
aware of the circulatory systems as we define it
and the nervous system but only scored a level
4 from the drawings of year. He was one of the
children who drew organs without a body
outline at this stage as it became, he said, ‘too
complicated’. Only 6 children remained present
on the day of the interviews at Year 6 why has
been present in year one. Other children had
joined during the primary school stage. None of
the original class members complied drawing
scored at level 5 or 6.

Their learning source about their inside
organs ranged from home, various media,
seeing organs in model of a human torso at the
local interactive science center, from books and
from family members. In the earliest classes
the children’s knowledge appeared to have
been from conversations overheard or remarks
made to them at home, particularly their care
person. A number of children mentioned at year
4 (8 years) that they had learnt things in school
that year.This was the age group where the
then national curriculum recommended that the
human body be studied.

4. Discussions

Over the six years, while there were periods
of stasis, there was a tendency for children to
know more about individual organ systems as
they aged and for them to know about organs
from a greater number of organ systems as
they aged. In a number of cases, this growth in
knowledge could be attributed to the influence
of particular teachers and particular teaching
approaches. Other sources of knowledge
include family members, books, TV, personal
experience and science museums/centres.

Form this work we conclude children learn
incrementally from knowing of the existence of
an organ and gradually learning of more organs
and their approximate location gradually
learning their reconnections to form systems,
rather like finding end peace of jigsaw and
gradually putting a picture together. It is
common practice in drawing this anatomy topic
of showing bone units in isolation. Hence
provide them with cards for example, drawings
of bones, the large limb bone, a rib case and
have them build up the skeleton. From all the
work | have carried out | assert that children
learn one organ, and build up this
understanding into bone units, i.e. the rib cage,
the leg bones. Ultimately understanding the
girdles and vertebrate column and skull.
Children were very prone to personalise their
drawing with a face as in Figure 2. External
parts of the body for instance in Figure 5 where
the ear and eye balls are modelled were not
scored as we defined these as external
features.
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Abstract. The aim of this study is to develop a
scale measuring co-constructivist environment
at Science lessons of secondary education.
Scale has been applied to 238 students.
Exploratory Factor Analysis has been carried
out for 47 items. Remaining 27 items have
been grouped into 5 factors. They explain
64.371 % of the total variance. Cronbach Alpha
value of the scale is 0.950. According to
findings, scale is reliable and valid. Item-total
and item-remaining correlation values are
significant (p < 0.01). Item discrimination
obtained from the difference between mean
points of bottom and top 27 % of the groups are
significant, too.

Keywords. Co-constructivism,
factor analysis, science lessons.

exploratory

1. Introduction

Historical foundation of co-constructivist
theory dates back to Baldwin, Piaget, Vygotsky
and Stern. Co-constructivism is a kind of socio-
genetic personology (examination of
characteristic features) [1]. Thinkers of socio-
genetics  emphasize that humanbeings
construct their all functions or at least high
psychological functions socially [2]. Socio-
genetic approach of this theory makes special
emphasize on unique feature of individuals in
terms of belonging to their culture. In other
words, individuals are the part of macrolevel
existence (collective culture) at microlevel
(personal-cultural).

The relation between two levels can be
defined as dual cultural conversion. This kind of
cultural bond enhances the conceptualisation of
cultural dialectic. On one hand, collective
culture is located in common meanings of
social group on the other hand, each individual
constructs his/her own collective culture and
co-constructs his/her own personal culture in
an active way [1]. Personal culture and
collective culture are in interaction with each
other.

Learning is thought as active construction of
knowledge. While students are trying to make
sense of their worlds, they do not get passively
stimulant knowledge which match with the
independent physical constructions. They
geniusly interpret their experiences through re-
organizing cognitive constructions by
increasingly complex ways. According to
Piaget, this real constructivist process in
cognitive, developmental and educational
psychology is obtained through both biological
based constructs (its strength and content have
not been known) and existing pre-knowledge of
the individual (concepts and functional
schemas). How come individuals who construct
independent personal knowledge have same or
similar cognitive constructs? If individuals are
thought as single learners, how will we share
the knowledge of our culture? The answer can
be driven from symbolic interactionist and
socio-cultural theory. This theory claims that
learning is a social activity.

Learning and acculturation cannot be
restricted with the individual's brain or mind. It
is hidden in society and knowledge of society,
its point of view and beliefs. Individuals
construct their knowledge not only through
personal experiences but also through
speaking with others. The basis of personal
development and acculturation is not being
alone socially for constructing knowledge, but is
to co-construct in social and cultural areas.
Many learning in most places are -cultural
sharing and social activity. Child cannot form
his/her knowledge alone. He/she forms
knowledge among other people who feel
belonging to one culture. According to this point
of view, knowledge does not exist alone in
one's mind. It spreads to the people who have
common interactions and agreements [3].

2. Aim and importance of the study

Co-constructivism is not a new theory in the
literature but it needs more research on it. In
Turkey, a study about this theory does not
exist. This scale aims to measure the level of
co-constructivist environment at Science
lessons of secondary education. One of the
main competencies of Science curriculum is
cultural awareness and expression. According
to this competency, students are expected to
understand their own culture thoroughly,
respect cultural differences and demonstrate
positive attitudes towards them [4].
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3. Method and sample of the study

In this study, general survey method has
been used. Survey researches which have
descriptive feature are used for describing
objects, structures of societies, institutions and
process of events. In survey researches,
generalization is made in the light of data
obtained from a sample towards the population
which it represents [5]. The sample of this study
is consisted of 238 secondary school students
(female: 136, male: 102). The number of
sample needed for factor analysis should be
minimum 5 for each variable [6].

4. Development of scale

This scale is a five point scale. These types
of scales are developed through using the
approach of item analysis. In item analysis
approach, a certain item is evaluated in terms
of the differences between the items which
have high points and low points [7].

4.1. Item pool

First of all, literature research has been
carried out in order to understand co-
constructivist theory and write related items.
Theoretical information has been gathered
through written sources. Key concepts which
explain the features of co-constructivist theory
have been determined. Each item has been
based upon literature. Moreover, open-ended
six questions have been asked to five
secondary school students about co-
constructivist theory at Science lessons in order
to write more items. There have been 59 items
in this item pool. These items have been
presented to three experts and they have
examined these items whether they have
written according to the aims of the curriculum.
11 items have been omitted since they are not
appropriate for 7" and 8" grade Science
curriculum. 6 items have been rewritten in order
to prevent misunderstanding. Remaining items
have been ordered and scored as “I always do”
(5 point), “I usually do” (4 point), “I sometimes
do” (3 point), “I rarely do” (2 point) and “I never
do” (1 point). 10 secondary school students
have answered the items on the scale in order
to find out any problems with regard to
language and expression. After this pre-
application of the scale, 1 item has been
omitted. Lastly, 47 items have remained in the
scale and 238 secondary school students from

three different schools have answered the
items on the scale.

5. Findings

In order to determine construct validity of
this scale, exploratory factor analysis has been
made. Exploratory factor analysis aims to find
out the number of common factors which affect
a group of measurements and value of
relations between observed measurement and
factor [8]. Before factor analysis, data have
been examined in terms of normality. Values of
skewness and kurtosis of data are between
+2.0 and -2.0, which show that data have
normal distribution [9]. For factor analysis,
distribution in universe should be normal.
Barlett test gives the result whether variances
are homogeneous [10]. In order to determine
whether data is suitable for factor analysis,
Kaiser-Meyer-Olkin  (KMO) coefficient and
Barlett sphericity test have been obtained [11].
KMO coefficient’s result is 0.95 and Barlett
test’s result is significant (0.00) (x*: 7886; sd:
1081; p < 0.01). If the value of KMO is above
0.70, it shows that there are enough number of
samples [12].

Factor loadings which are less than 0.30 are
considered as low whereas factor loadings
which are more than 0.40 are considered as
high [12]. In this study, items whose factor
loadings are less than 0.40 have been
considered to be omitted but there aren’'t any
items whose factor loadings are less than 0.40.
Therefore, items have not been omitted through
this method. Items should have high factor
loading in only one single factor while they
should have low factor loading in the other. The
difference between the two high factor loadings
should be 0.10 at least [11]. In this study, this
method has been applied while omitting the
items. Accordingly, 20 items have been
omitted. Rotation has been made through using
varimax method. After omitting items, scale has
27 items that are grouped into 5 factors. These
5 factors explain 64.37 % of the total variance
and eigen values whose higher than 1.00 are
taken into consideration.

The first factor has 6 items; the second
factor has 6 items; the third factor has 6 items;
the fourth factor has 5 items and the fifth factor
has 4 items. The factor loadings of 27 items are
between 0.46 and 0.82. Cronbach Alpha value
of the scale is 0.950. Cronbach Alpha value of
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the first factor is 0.850; of the second factor is
0.852; of the third factor is 0.856; of the fourth
factor is 0.874 and of the fifth factor is 0.868. If
this value is higher than 0.70, it means that
scores of scale are reliable [11]. Item total
correlation values are between 0.410 and 0.741
while item remaining correlation values are
between 0.456 and 0.765. Accordingly, it can
be said that items are significant because item
total correlation coefficient is higher than 0.30
[11].

Another method in item analysis is to
compare the mean points of bottom and top 27
% of the groups [13]. The difference between
the mean points of bottom and top 27 % of the
groups is significant (p < 0.01), which shows
that scale has internal consistency [11].

In order to name the factors, the content of
the items and literature have been considered.
First factor is named as “co-constructivism”;
second factor is named as “collaborative work”;
third factor is named as “social experience and
interaction”; fourth factor is named as “sharing
culture” and fifth factor is named as “relating
with real life”.

6. Conclusion

In this study, it is aimed to develop a scale
which measures the level of co-constructivist
environment in Science lessons at secondary
schools. In order to determine construct validity
of the scale, factor analysis has been carried
out. As a result of exploratory factor analysis,
scale has five factors. According to validity and
reliability results of the scale, it can be said that
items on the scale are valid and reliable.
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Abstract. Scientix is an initiative for promoting
scientific education and vocation in Europe.
The Scientix Ambassadors promote and inform
about Scientix to their peers - science and
mathematics teachers across Europe. They
present Scientix in schools and national
teachers associations, on conferences and
workshops, and can advise teachers how to get
involved in European collaboration in STEM.
They also assist in developing and testing
various tools and services of Scientix and
ensure the pedagogical quality of the Scientix
repository. In this work the experience and
results of the tasks performed as Scientix
Ambassador in Galicia-Spain are presented.
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1. Introduction

Scientix [1] is an initiative for promoting
scientific education and vocation in Europe that
now brings together over 7000 teachers after
seven years in operation. It is open to the
education community in general and especially
to teachers, researchers and policy makers. Its
main aim is to promote and support
collaboration between teachers, education
researchers, policymakers and other education
professionals in the areas of Science,
Technology, Engineering and Mathematics
(STEM subjects) and was recently recognised
at the BETT 2017 Exhibition of Trends in
Education Technology as one of the top 100
innovations worldwide in the field of education.

2. Structure, resources and activities

Coordinated by European Schoolnet [2], a
non-profit organization and network of thirty-
one European education ministries, Scientix
receives funding from the  European
Commission through the 7" Framework
Program and has contact points in every EU
country. In Spain, this role is currently fulfilled

by the Spanish Ministry of Education, Culture
and Sports [3].

SCIENTIX

The community for science

AMBASSADOR
education in Europe

Figure 1. Scientix Ambassador Logo

Over the course of the project, Scientix
(Figure 1) assigns a series of representatives
or ambassadors in each country whose aim is
to spread the word about its activities among
the teaching community throughout Europe,
help share knowledge and best practice in
science education, and support and improve
scientific education in general at a local level.
The panel of Scientix ambassadors is one of
the three main support groups for the
implementation of Scientix activities and
support STEM Education. Spain currently has
58 Scientix ambassadors for the 2016-2019
period, five of whom are linked to different
Spanish universities while the others are mainly
secondary school teachers. The main task of all
Scientix Ambassadors is to support the
dissemination of Scientix, to provide ad hoc
help in surveys, feedback requests, etc. and to
report back to Scientix on their actions. They
participate, for example, in activities to raise
awareness of the research going on in different
science and technology centres not only among
the general public but, particularly, among
students undertaking training who are likely to
find their vocation through direct interaction
with labs and research teams. At the same
time, the ambassadors present Scientix at
education centres, national teachers’
associations, congresses and workshops, and
they advise other teachers on how to get
involved in European STEM collaboration, in
the belief that professional development of
teachers should include active participation in
cooperation and collaboration networks. The
ambassadors can undertake assessment and
monitoring tasks for projects/tools for teaching
innovation at a European level and, at the
same time, help not only to publicise the
resources, projects and training Scientix offers
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but also to provide information about periodical
events. Scientix Ambassadors are normally
involved in the preparation of the Scientix
Webinars [4], Scientix Moodle courses [5] and
in the writing of Scientix blog articles [6]. In
Scientix training actions participants receive a
certificate of attendance (Figure 2).

e
y ;'wl.u'
»a® s BLIENTIX »a "2 SCIENTIX

LarAcats ol Famost ke Certifioate of Panicpaton

Figure 2. Certificates of participation in Scientix
Webinars

During this academic year, a post related
with hands-on physics resources was written
for the Scientix blog on the following topic:
Where do | find hands-on Physics resources?
(Figure 3) [7].

Figure 3. Hands-on Physics activities

Scientix currently provides free direct access
to over four hundred European educational
projects and almost two thousand teaching
resources for the classroom, many translated
into the 30 official languages of the EU or
available for translation by Scientix on the
specific request of teachers when the need
arises. Around seven hundred resources have
already been ftranslated in this way. Scientix
periodically offers online training, inviting users
to freely access video conferencing programs
in twenty-four languages and various formats:

Massive Online Open Courses, seminars or
workshops, etc.: spaces for learning that are
also times and places for sharing and
exchanging ideas. These presentations
commonly involve up to 200 people at different
sites all connecting for an hour with the
possibility of interacting with the speaker in
some way. Afterwards, a certificate of having
participated is also an option. It is possible to
subscribe to the online newsletter tailored for a
specific topic which also gives information on
news and events and reminders of upcoming
activities, competitions, awards and training
possibilities. Meet-ups are held nationally and
internationally — meeting points in the form of
seminars or congresses, although an important
way of keeping up with Scientix initiatives is by
following a project on social media, where the
organisation has over twelve thousand
followers on Twitter [8]/Facebook [9], , which
are open to collaboration from anyone
interested in STEM education.

4

Figure 4. Scientix web page with a banner
related with a photo of our stand

Several Scientix Ambassadors we were
selected to attend the 3™ Scientix Conference
(Brussels, 4-6 May 2018), and event, which
attracted around 350 teachers, policy makers,
researchers and project managers involved in
science,  technology, engineering  and
mathematics (STEM) across Europe, offered
participants a unique opportunity to network
and explore different science education
projects [10].

Gabriel Pinto [11] and | present different
hands-on Physics and Chemistry activities in a
demonstration stand on the following topic:
Connecting science with the daily life via
hands-on activities (Figure 4).

During academic year the strategies used to
spread and share knowledge include face-to-
face seminars with students, teachers and the
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management and departmental teams in
centres. In our case we use a motivational talk
packed with fun experimental material in the
belief that practical experiments and activities
can inspire and help the students to develop a
conceptual understanding of the ideas in the
curriculum and the competences associated
with using the scientific method, such as critical
thinking, group work, and so on [12].

Figure 5. Images of activities in secondary and
pre-university centres during the 2017-2018
academic year

So the seminars aim to show experimentally
the relationships between the contents of
secondalry and pre-university Physics topics
and the knowledge needed to study
Engineering or a scientific degree -
encouraging learners to lose their fear of
science, technology, engineering and
mathematics and to start seeing them as an
appealing option they could dedicate their time
to in the future (Figure 5). At the same time,
this intervention on their own doorstop in
schools means informal collaboration networks

can be created with the teachers in the places
where they work by providing information about
the different tools and resources available
through Scientix, encouraging them to take part
in the activities, and providing them with

updates and news about events.

Figure 6. Images of activities at Universidad San
Marcos (Lima-Peru) and at the National
Technical University “Kharkiv Polytechnic
Institute”(Kharkiv-Ucraine) during the 2017-2018
academic year

During the 2017-2016 academic year, there
have been 26 talks that have taken “Learning
Physics by Doing Physics” and the Scientix
project to around 1400 students and 125
teachers (Figure 5).

At the same time practical classes and
workshops for teachers, education researchers,
policymakers, and other education
professionals in the areas of science were
presented in different countries (Figure 6) [13-
15].

Persons interested in obtaining quick
information can subscribe to Scientix email
updates to get all the latest news [16].

3. Disclaimer

Scientix has received funding from the
European Union’'s H2020 research and
innovation programme — project Scientix 3
(Grant agreement N. 730009), coordinated by
European Schoolnet (EUN). The content of the
presentation is the sole responsibility of the
presenter and it does not represent the opinion
of the European Commission (EC) or EUN and
neither the EC nor EUN are responsible for any
use that might be made of information
contained.
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Abstract. The use of polymers to entrap cells,
enzymes and organic molecules is a common
procedure in chemical and pharmaceutical
industries. These gelling agents permit certain
molecular permeability allowing both substrate
and product exchanges at appropriate rates
that are suitable for the proper functioning and
viability of cells or the activity of the enzymes.
Alginate spherifications are widely used in
molecular gastronomy, and are appealing to
the student. Immobilization with sodium-
alginate fulfils appropriately these
requirements, in fact, immobilization by alginate
is a simple, gentle and low toxicity method,
suitable for immobilizing any type of cells,
enzymes and a widely kind of chemical
substances.

Keywords. Biotechnological practice, cell and
enzymes immobilization, polymers, teaching.

1. Introduction

Alginate is a polysaccharide natural from
brown algae. Sodium alginate is a soluble salt
of alginate and is the common form of this
polysaccharide. This salt is a linear
polysaccharide chain solvated with sodium
ions. If a calcium salt is mixed with sodium
alginate in aqueous medium, the calcium ions
substitute the sodium ions. The bivalence of the
calcium ions makes possible the cross-linking
of original sodium alginate linear polymers,
generating an insoluble network that becomes
a gel.

If a sodium alginate solution is poured drop
by drop into a calcium chloride solution, the
superficial tension of the droplet plus the rapid
jellifying reaction generates almost perfect
calcium alginate gel spheres.

2. Sodium Alginate in Gastronomy

Alginate spherifications are commonly
known to be an avantgarde cuisine technique.
Ferran Adria was the first cook to use alginate
polymerization reaction in gastronomy, in its

restaurant Bulli on 2003 [1]. There are many
kinds of spherification techniques, but the most
common are the direct and the inverse
spherification.

Direct involves mixing a liquid of interest (for
example  fruit juice, some  alcoholic
beverages...) with the sodium alginate and
then pouring it drop by drop into a calcium
chloride solution. Then, the spheres are
washed in mineral water and finally are ready
to use.

Inverse or reverse spherification is ftrickier,
for the result is more fragile. Instead of mixing
the liquid of interest with the sodium alginate, it
must be mixed with the calcium chloride
solution, and then introduced drop by drop into
a sodium alginate solution. This generates a
thin calcium alginate film on the surface of the
droplet.

Direct spherification generate a more solid
and tough sphere, while reverse spherification
generates spheres that are liquid on the inside.
The latter explodes in the mouth. For this
reason, direct spherification is done with little
droplets and inverse spherification is done to
bigger drops.

This is easily done in the classroom. A brick
of juice can be used as liquid of interest.
Sodium alginate and calcium chloride can be
obtained from gastronomic suppliers (it should
be labelled as edible). Then, 3 bowls are
needed. One for the sodium alginate plus
flavoured liquid solution, which usually contains
1% of the salt (but this depends on the density
of the liquid of interest); one for the calcium
chloride solution, which usually contains 0,18%
calcium (0,5% calcium chloride, but might be
different for other salts); one for the washing
water (which should not have much calcium).

Obviously, this is for direct spherification.
For reverse spherification, the same should be
prepared but calcium salt should be mixed with
flavoured liquid and sodium alginate with
distilled water (it can’t contain any calcium or
the solution would react).

It is important to note that sodium alginate
might be difficult to dissolve and might create
bubbles. You should wait until there are no
bubbles if you want perfect spheres. For a
more spherical result, the calcium bath can be
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increased on density by adding up to 20% of
sugar. [2]

Interestingly, at pH<3.4, the reaction does
not occur properly due to competition for the
negative charges between protons and
calcium. Also, the acidic groups (responsible
for the crosslinking) are protonated in a higher
proportion. For this reason, acidic liquids must
be basified (sodium citrate is mainly used) [2].

Another consideration is that some liquids
might have enough calcium to react with the
alginate. For instance, a creamy yogurt can be
used in reverse spherifications, without any
supplementation of calcium. Just pour a
spoonful of yogurt into the alginate bath. This
was first done by the famous indian chef
Gaggan.

3. Sodium Alginate in Biotechnology

Although sodium alginate has been
popularized thanks to Ferran Adria’s inventions,
it had been widely used before. Polymerization
reactions are avidly used to entrap cells,
enzymes or other molecules of interest. This
makes easier the purification step of the
process, since a simple centrifugation can
separate the producers from the product. Not
only that, but entrapment can sometimes
protect the cells or molecules from a toxic
product such as ethanol or inhibition by
product.

Calcium alginate is specially used due to
several perks:

e Low cost;

e Insoluble, non-biodegradable
without or low toxicity;

e Provide a sufficiently large surface area
for cells to have access to metabolites;

e High mechanical and chemical stability
and high diffusion under the operating
conditions of the process;

e |t does not affect the activity of the cells
nor induces cell lysis;

Easy to perform

e Safety of recycling and / or disposal;
Enough matrix flexibility to accommodate
new cells.

and

An easy fermentation assay can be used in
the classrooms to explain basic concepts of
biotechnology (such as entrapment) and
biochemistry (such as fermentation and ethanol
toxicity).

The obijective of this practical is to obtain a
time-course of a yeast fermentation with free
yeast suspension and immobilized yeast. The
following protocol was obtained from the guide
for practical sessions of Bioquimica |
Microbiologia  Industrial ~ subject in the
Biochemistry degree of Universitat de
Barcelona [3].

To immobilise the yeast, mix a 3% sodium
alginate solution with 10 ml of 30% yeast
suspension on proportion 1:2 v/v. The spheres
are done in a 2% calcium chloride solution. Mix
3g of yeast with 50 mL of 8% glucose solution
for the free yeast suspension and all the
immobilised yeast spheres in 50 mL of 8%
glucose for the immobilised yeast suspension.
Prepare a structure like Figure 1 on constant
mixing and measure the produced gas every 10
minutes.

Figure 1. Scheme of the experiment structure

After one hour, represent gas volume vs
time. You will see that free yeast presents a
decrease in the ratio V/t but immobilised yeast
does not. This is because calcium alginate
protects the yeast from ethanol toxicity.

4. Conclusions

Two kinds of practical sessions can be used
to explain jellifying agents such as calcium
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alginate. A friendlier approach is the molecular
gastronomy approach. For bachelor students,
though, the biotechnology approach might be
more fulfilling, there are more concepts
introduced.
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Abstract. It is said that technological devices,
particularly computers, change every day. In an
analogous way, Science is in full change, and
this is one of several problems that educational
community must face; as well as maintaining
updated both scientific concepts and the
classroom and laboratory equipment.

In recent years, we have witnessed the
progress made in our educational system [1].
The use of ICT (Information and Communica-
tion Technology) in classrooms have involved a
significant didactic aid, allowing teachers to
accompany their explanation with the exhibition
of a multitude of multimedia examples [2].
Despite the importance of ICT or the reduction
of the computer equipment prices, renovating
the software of a computer classroom tends to
be difficult. Sometimes, due to the time that
involves the necessary updates, or sometimes,
due to the lack of financial resources. In these
circumstances the use of free or open source
software or cloud software could be useful in
reducing license costs or because students can
be involved in this process.

Traditionally, one of the reasons to explain the
existing reticence in their use is the lack of
information or the believe that software only run
on free operating systems like GNU/Linux and
these are difficult to use it. Even though their
improvements in the ease of installation, the
desktop environment and graphical interfaces,
which have greatly reduced the learning curve.
Fortunately, these circumstances are changing
thanks to the wide introduction of Android
software and apps in mobile phones and
tablets.

In Spain, different autonomous communities to
expand the deployment and the implantation of
open source software in the Spanish
educational system have promoted several
projects. Most of them based on modified
GNU/Linux distributions, usually based on
Debian, such as Linex in Extremadura;
Guadalinex in Andalusia; MoLinux in Castile—
La Mancha; Linkat in Catalonia; MAX in Madrid;
Galinux in Galicia or LliureX in the Valencian
Community.

Even so, these work environments are less
known by users than other operating systems
considerably more used in personal computers.
This would not be too important if it were not for
the fact that this type of software and operative
systems are widely used in scientific and
supercomputing areas. For this reason,
educational staff should to train secondary
school science students in the handling of this
type of software and operative systems.

In the present work, we have set ourselves the
goal of presenting different scenarios of free
software use, considering the needs of
teachers and students. For example by means
of Live-Distros, which allow their use booting
them from a DVD or a USB flash memory or an
external disk drive, or by using virtualization
environments, which are the perfect candidates
to be used routinely in computer rooms. In
addition, how they can open us the access to
an enormous collection of programs that can
facilitate the teaching of sciences or are
routinely used in scientific research field.

Keywords. Free/Open Source, scientific,

software, teaching.

1. Before starting, some necessary
definitions

1.1. Software licenses

It is one of the most important points for the
user, since a software license is a contract
between the licensor (author / holder of the
exploitation rights / distributor) and the licensee
of the software (consumer user / professional
user or company), to use the software
complying with a series of terms and conditions
established within its clauses.

Next, are presented a comparison between
the most used operative systems’ licenses.

1.1.1. Windows

Restrictive end-user license agreement
(EULA), one copy per license at one time, not
allowed its simultaneous use by multiple users
over a network, not allowed its sharing [3].

1.1.2. Mac OS

Restrictive EULA, one copy per license at
one time, not allowed its simultaneous use by
multiple users over a network, not allowed its
sharing [4].
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1.1.3. GNU/Linux derivates

Nonrestrictive end-user license (GNU GPL),
non-restricted the number of copies per license
at one time, not allowed its simultaneous use
by multiple users over a network, not allowed
its sharing [5].

1.1.4. BSD derivates

Practical nonrestrictive end-user license
(BSD), non-restricted the number of copies per
license at one time, not allowed its
simultaneous use by multiple users over a
network, not allowed its sharing [6]. Another
point to consider is the responsibility acquired
by the licensor for the licensee; even in pay per
use software, the responsibility of the software
developer is restricted. Sometimes limiting the
change of the product during the warranty
period or setting a limit of compensation. In
addition, the end-user license agreement
(EULA) does not always allow the execution of
the operating system in a virtualization machine
without the acquisition of as many licenses as
virtual machines in which the operating system
is executed.

1.2. Free software

The FSF (Free Software Foundation) [7]
expresses its philosophy about free software as
a matter of users' freedom to execute, copy,
distribute, study, change and improve the
software. Being access to the source code a
necessary condition. More precisely, it means
that program users have the four essential
freedoms: Being able to run the program for
any purpose; the freedom to study how the
program works and modify it to adapt it to the
needs of the user; the freedom to redistribute
copies and the freedom to distribute copies of
their modified versions to third parties [8].

1.3. Open Source

It refers to freely distributed and developed
software [9]. Like free software, users have
access to the source code to be able to adapt it
to their needs and improve it. Although, from
the practical point of view it is equivalent to the
movement of free software. The licenses under
which it is distributed may incorporate some
restrictions such as the requirement to keep the
name of the authors, the declaration of
copyright in the code, allow the modification of

the code only for personal uses or its
redistribution for non-commercial uses.

1.4. Freeware

It does not mean that it is equivalent to free
or open source software, since this type of
software may include restrictions on its
licenses. Many times, this software is offered
by companies as software with limited
capabilities or limitations of use (on a personal
level); or, associated with counterparties such
as the incorporation of advertising. Generally, it
is compared as a free shareware.

1.5. Shareware

Shareware is a software distribution
modality, which allows its free evaluation by the
user, but with limitations in the time of use or in
some of the forms of use or with restrictions in
the final capacities. To acquire a software
license that allows its use in a complete way, a
payment is required, usually moderate, or less
commonly a simply registration.

2. GNU/Linux — BSD distributions

A program is a set of instructions, which are
found in the source code. This code is written in
a language understandable to programmers,
but cannot be executed directly on a computer
without compiling it previously.

The compilation process can be long and
tedious, so certain companies and user
communities have created their own collections
of software (distributions) already compiled.

Many of these applications are part of the
operating system, which is a set of programs
responsible for managing the basic processes
of a computer system and allows the normal
execution of the rest of the operations.

The choice of an operating system and its
associated applications will depend on several
factors: type of computers available, choice of
applications to use and type and age of
students. While the choice of operating
systems based on free software may be
convenient in the last years of primary school,
merely, as an introduction for students. In
secondary and higher education courses,
especially in the scientific field, it can become
mandatory, if we consider its use in research
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[10] and the vast number of applications [11]
developed.

In the case of free and open source software
depending on the core of the system used,
which is the software that constitutes the most
important part of the operating system, among
the more common there are Unix-like
distributions based on GNU/Linux, BSD,
GNU/Hurd or Solaris; windows-like distributions
as ReactOS; and DOS-like systems as RDOS
or FreeDOS.

The software is ordered within the
collections in packages, managed by software
that solves problems of dependencies and
updates. Generally, the greater the number of
packages in a collection the greater the number
of applications. For example, Debian 9, a
GNU/Linux distribution, comprises ca. 51,000
packages or the equivalent of more than 58 GB
at a cost close to zero.

3. Live distros and virtualization

Some distributions are known as Live
Distributions or Live Distros, which provide an
operating system stored on a removable media,
which can be used from the medium itself
without the need to make changes or install it
on the computer. Depending on the type of
removable media, we have CD-DVD Live and
USB Live distributions.

CD-DVD Live distros uses a CD or DVD as
the boot medium. The user can download the
disk image, usually an ISO image, from Internet
and then burn it on an appropriate support.
Except those distributions with the ability to
save the user's preferences on the hard disk or
other removable media, in general, changes in
the whole program are not saved.

USB Live uses a USB flash memory as the
boot medium. An important advantage over
previous distributions is that USB Live allows
you to store the desired configuration
parameters and work files in one device. In the
case of older computers that do not allow
booting from the USB drive, a diskette or CD
can be wused as the start-up device.
Furthermore, in newest computers read and
write speeds achieves on USB media are
further higher, particularly using USB 3.1 or
thunderbolt ports, than the can be achieved on
CD/DVD media.

On the other hand, there is the so-called
virtualization software. Virtualization means the
creation of an abstraction layer between the
hardware of the physical machine (host) and
the operating system of the virtual machine
(guest). This layer manages and manages the
main resources of the computer (CPU,
Memory, Network, and Storage). As the guest
operating system is developed within another
operating system, there is a logical
performance penalty. In current systems, this
penalty is close to 10%.

If virtualization is complete, the virtual
machine simulates sufficient hardware to allow
the execution of an operating system that runs
as if it were installed on a stand-alone
hardware platform. Therefore, it is possible to
run several virtual computers on the same
physical computer. Although this concept was
born in the 60s with mainframes, it was not until
the 90s that it reached its development in
personal computers.

Next, it is shown a comparison between
Live-distros and virtualization.

3.1. CD/DVD Live distros

Free or with reduced cost based on licenses
GLP/BSD. Commonly with high latency
read/write times. Usually data recording on the
support is disabled, and typically, the time to be
ready to use in a computer once the image has
been burned is < 10 minutes.

3.2. USB Live distros

Free or with reduced cost based on licenses
GLP/BSD. Commonly with medium-low latency
read/write times. Usually data recording on the
support is allowed, and typically, the time to be
ready to use in a computer once the image has
been burned is similar or a bit more than a
normal boot. Hibernation mode is enabled for a
fast boot. Noteworthy that there are some
optimized distributions to use with removable
media. In the specific case of USB Live distro,
when the used USB port is version 1.0 and 1.1
they are not practical because of the long
latency in reading and writing.

3.3. Virtualization

Free to high cost based on licenses
GLP/BSD/Privative: Note:Xen, KVM, Virtualbox
y VMware Player can be free download from
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Internet. Hypervisor is enabled in Windows
Pro/Enterprise versions.

Commonly with low latency read/write times.
Data recording on the support is full enabled,
and typically, the time to be ready to use in a
computer once the image has been burned is
more or less the same than a normal boot.
Suspend mode is enabled for a fast boot.

Virtualization has the main drawback of the
need to install the guest operating system and
the chosen applications, but this step should
only be done once. Since the virtual machine
image can be copied to any compatible
computer, even with a different hardware
configuration. Virtualization machines can also
be used to run Live distributions.

Noteworthy than under virtualization or using
USB Live distro, the storage limit is the storage
capacity of the machine/device.

4. Implementation in the classrooms

In many countries, an effort has been made
to equip the classrooms with computers to offer
to students the opportunity to learn computer
science and be equipped with the
computational thinking skills they need to be
creators in the digital economy. Many
computers come with an operating system pre-
installed; almost all are Ethernet wired or have
WI-FI connections and USB ports, and many
have CD / DVD readers. This configuration is
enough for testing both Live systems or
virtualized machines.

Live systems based on removable media
require shutdown, reboot the computers and
loading the operating system on the guest
machine. This process can consume up to 10
minutes of time, which shortens the time
available for classes. In addition, these
distributions are not always the most suitable,
as we can find the lack of a program. In this
case, only the distributions hosted in USB
memories can solve this problem, allowing us
to reconfigure the set of applications. In any
case, students can save their work using an
external device or in the case of writable
systems in the same USB flash memory.

On the other hand, virtualization systems
have the advantage that they can emulate and
virtualize different operating systems within a
single machine, providing the host operating

system with access to the extractable and
printing systems. Therefore, that for the user

the host system behaves with total
transparency.
In virtualized systems, the hardware

abstraction layer provided by the virtualization
machine simulates standard hardware. Virtual
machines are stored as a disk images that can
be copied and hosted on other computers or be
accessed from a unique computer that acts as
an image server (cloud servers are commonly
used in High Performance Computing). The
main advantage is that once the disk image is
created it can be distributed to other computers
because the hardware that is simulated into the
virtual machine is always the same,
independently of the real hardware of the
school computers, thus only the creation of a
single image is necessary.

Thus, it is possible to create a virtual
machine with a base installation of the
operating system, and later, to add the set of
applications that the educator considers most
appropriate. The students who can be involved
in the process of creation of the virtual
machines [12] can do that step [13-14]. Other
advantage is students can freely operate and
test without the fear of harm the computer, in
case of failure image can be easily change the
image disk without affecting the host
computers’ ‘health’.

Nowadays, it is possible to download
images from the Internet, most of them are
systems based on free software, which could
be used as a base installation.

Virtualization, therefore, implies a reduction
of costs, if they opt for open solutions, saving
time and facilitating the implementation and
maintenance of the systems, but it requires
enough disk space to house the virtualize
image, which commonly requires several
gigabits of space.

Another possibility is to create a
virtualization  hybrid system based on
removable media with permanent storage
capacity. These systems use a large USB flash
memory (best newest memories) or an external
disk drive where the portable virtualization
system is housed; using part of the available
space to host the image of the virtual machine
and the rest is used as a storage space.
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These hybrid systems have the intrinsic
advantages of virtualization and portable
systems. In this case, it is not even necessary
to install the virtualization system. Any work
can be saved in the same USB memory or disk
drive. As diverse partitions can be hosted in the
same memory or disk, a partition can be used
as a storage partition, in case of total disaster
of the operative image, storage data will no
affected and continue to be accessible.

In addition, the system is portable to any
computer and thanks to the recording of the
state of the virtual machine. It can be continued
from the same point where the virtualized
operating system was left. In addition, students
can use their own devices, which can be
connected to any computer. Although the main
drawbacks of this platform are the speed of
reading and writing through the USB ports and
the penalty when running applications under a
virtualized system. However, the newest USB
3.0, 3.1 or using f Thunderbolt ports, this
penalty can be neglected when high-speed
storage devices are connected through these
ports. The increase in storage capacity of the
external devices together with the reduction in
prices, augur a good future for this platform that
presents obvious advantages due to its ease of
use and implementation.

If we have decided to test the
implementation of one of these systems, we
just need to find the most appropriate type of
distribution. A number of Web pages present a
compilation of distributions. Among all of them,
maybe Distrowatch is shown as one of the
most appropriate to perform the search [15].

5. Examples of software distros for
schools

Most distributions are from GNU/Linux
world, which offers a vast variety of
distributions. Some distros have a good and
long maintenance, and they are fully supported
by user communities; others have a short life
and are unfortunately discontinued.

In this paper, a part of Spanish distributions
that has been mentioned above, it will be
shown the most common distributions used in
STEM education. STEM is the acronym for
Science, Technology, Engineering, and
Mathematics, and encompasses a vast array of
subjects that fall into each of those terms.

Below, are presented the most commonly used
distributions in  schools. We  strongly
recommend a search for possible distributions
through a browser engine or through the
Distrowatch web page to appreciate the vast
assortment of existing distributions.

5.1. Sugar

It is based on Fedora is a platform designed
for young children (K-6), it is Sugar is available
in a wide variety of forms: as part of GNU/Linux
distributions; LiveUSB/CD; and in virtual
machines or emulation [16].

5.2. Kano OS

It is an open-source OS for exploration,
creation, and play to-free for Raspberry Pi 2
and 3, for kids (K-12) and it is designed to allow
kids to assemble their own personal computer
and learn to program [17].

5.3. Ubermix

It is an open-source-OS Linux-based built by
educators, for young children and kids (K-7 and
K-12. Ubermix is based on Ubuntu Linux
combining a base operating system and a mix
of applications under 8 GB, so that it would fit
easily on the 8 GB system drive smaller flash-
based devices [18].

5.4. Karoshi

It is a free and open source school server
operating system based on Ubuntu. Karoshi
provides a simple graphical interface that
allows for quick installation, setup and
maintenance of a network [19]

5.5. Debian Edu/Skolelinux

It is a customized the Debian distribution,
which aim is to provide an out-of-the-box
localized environment tailored for schools and
universities. The out-of-the-box environment
comes with 75 applications aimed at schools,
as well as 15 network services pre-configured
for a school environment [20].

5.6. Specific scientific distros

Although the teachers themselves would
make the best choice of applications, another
approximation is to use an already configured
scientific distribution. The following would stand
out for their collection of applications and

125



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

simplicity of use, for example for chemistry
subjects: Knochem, Bio-Linux or Ubuntu
Science. Knochem would and be among the
most recommended for the field of general
chemistry teaching and Bio-Linux would be
more oriented for researchers / students of
biochemistry and biotechnology.

6. Scientific software apps: where to
find them?

When sometimes it is not necessary to
modify the operative system an appropriate
alternative could be use free/open-source
scientific software. This kind of software can be
download from the Internet, but where can be
find this software? The web page
SOURCEFORGE could be one of the best sites
for find it. In this Web there are indexed more
than 200,000 software entrances for Windows,
more than 150,000 for GNU/Linux and more
than 130,000 for Mac.

For example, in internet [21] is possible to
found more than 17,000 applications for
science and engineering to run under Windows.
This software is ordered by categories, type of
licenses, user interfaces, etc. In addition, it is
possible to carry out a search for a specific
software on the web site.

For young children and secondary school
students, exists another alternative and it is the
use of portable apps. PortableApps.com [22] is
an initiative that offer one of the most popular
portable software solution providing a fully open
source and free platform that can work from
any synced cloud folder, from a local PC on an
internal or external drive, or on any portable
storage device (USB flash drive, memory card,
portable hard drive, etc.) moved between PCs.

7. Scientific software in the cloud: how
to use them?

Some Web sites provide scientific software
that can be use via an Internet browser. This
type of accessing is usual in research areas; on
the contrary, almost all large public databases
are hosted and accessed in the cloud.

This kind of scientific software are designed
for the academic and research world, and for
this reason are no suitable for students below
the baccalaureate degree.

Next are listed the used Scientific resources
available in Internet.

7.1. The National Center for Biotechnology
Information

The National Center for Biotechnology
Information (NCBI) Web site provides a vast
access to biomedical and genomic information.
Ranging from literature search in Pubmed [23],
which comprises more than 28 million citations

for biomedical literature; to a variety of
educational products and events including
courses, workshops, webinars, training

materials and documentation [24], which are
free and open that are available for anyone to
re-use and distribute.

7.2. Research Collaboratory for Structural
Bioinformatics: Rutgers and UCSD /
SDSC. Protein Data Bank

RCSB PDB is a Web site dedicated to
structural biology, that are built upon the data
by creating tools and resources for research
and education in molecular biology, structural
biology and computational biology. Essential to
access the PDB’s newsletter education corner
[25] and the Educational portal of RCSB PDB
[26], both provide useful resources for science
high school teachers.

7.3. The European Molecular Biology
Laboratory. European Bioinformatics
Institute
The European Molecular Biology

Laboratory. European Bioinformatics Institute
(EMBL-EBI) site is a Web site for life sciences
research [27]. Although the information
provided by the site is for undergraduate
students, it is possible to find diverse
information suitable for high school students in
the online training section [28].

8. Conclusions

As we mentioned before, the objective of
this work was to present different alternatives
that can be used in classrooms to facilitate the
teaching of science subjects.

There are more and more free computer
applications that can be used as teaching
resources. Even considering that sometimes
these applications could be not available for the
operating system of the computers, that

126



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

problem can be fixed using different strategies
that eliminate or minimize these restrictions as
have been presented above, some of them
offer protected environments where students
can freely experiment with these tools without
compromising or damaging the proper
functioning of the equipment

9. References

[11 Ministerio de Educacion. Programa para la
Evaluacién Internacional de los Alumnos
(OCDE). PISA - ERA 2015. Informe
espafol. 2016,
http://www.mecd.gob.es/inee/dam/jcr:e422
4d22-f7ac-41ff-a0cf-
876ee5d9114f/pisa2015preliminarok.pdf

[2] Ministerio de Educaciéon. Indicadores y
datos de las tecnologias de la informacién
y comunicacion en la educacién en
Espafa y Europa. 2016,
http://blog.educalab.es/intef/wp-
content/uploads/sites/4/2016/11/2016_112
8-Indicadores_TIC_2016_INTEF.pdf

[3] https://www.microsoft.com/en-
us/Useterms/OEM/Windows/10/Useterms
_OEM_Windows_10_English.htm

[4] https://www.apple.com/legal/sla/docs/mac
0S1013.pdf

[5] http://www.gnu.org/copyleft/gpl.html

[6] https://opensource.org/licenses/BSD-3-
Clause

[7] http://www.fsf.org

[8] Stallman RM. Free Software, Free
Society: Selected Essays of Richard M.
Stallman. Boston: Free Software

Foundation, 2015.
[9] http://www.opensource.org

[10] Hanke M, Halchenko YO. Neuroscience
runs on  GNU/Linux. Frontiers in
Neuroinformatics 2011, 5, 8.

[11] Field D, Tiwari B, Booth T, Houten S,
Swan D, Bertrand N, Thurston M. Open
software for biologists: from famine to
feast. Nature Biotechnology 2006, 24,
801-803.

[12] Kind T, Leamy T, Leary JA Fiehn O.

Software  platform  virtualization  in
chemistry  research and  university
teaching. Journal of Cheminformatics
2009, 1, 1-18.

[13] Langer SG, French T. Virtual Machine
Performance Benchmarking. Journal Digit.
Imaging 2011, 24, 883-889.

[14] Greschler D. Application virtualization.

New technology prevents software
conflicts. Health. Inform. 2005, 22, 43.
2005.

[15] https://distrowatch.com/search.php

[16] https://wiki.sugarlabs.org/go/Welcome_to_t
he_Sugar_Labs_wiki

[17] http://developers.kano.me/
[18] http://www.ubermix.org/

[19] https://www.linuxschools.com/forum/index-
main.php

[20] https://wiki.debian.org/DebianEdu/

[21] https://sourceforge.net/directory/science-
engineering/os:windows/

[22] https://portableapps.com/

[23] https://www.ncbi.nlm.nih.gov/pubmed

[24] https://www.ncbi.nlm.nih.gov/home/learn/

[25] http://www.rcsb.org/pdb/static.do?p=gener
al_information/news_publications/newslett
ers/educationcorner.html

[26] http://pdb101.rcsb.org/

[27] https://www.embl.org/

[28] https://www.ebi.ac.uk/training/online/

127



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

Innovation on Synthetic Biology
by University Students: The iGEM
Competition

C Castignani Viladomiu, D Ivancic,
J Pla Mauri, O Rodriguez Dominguez
Universitat Pompeu Fabra, Spain
carla.castignani@gmail.com

Abstract. Synthetic Biology is the engineering
of biology. It allows to build complex,
biologically based systems, capable to perform
specific functions. The most important event on
the field is the iIGEM competition, where
multidisciplinary teams push the boundaries of
synthetic biology designing and building a
project, using a repository of interchangeable
biological parts and standardized molecular
biology techniques. In the present work, we
introduce the project that the iGEM UPF-CRG
team carry out for the 2018 iGEM competition.
This project is based on building synthetic
engineered bacteria capable to absorb palmitic
acid, which is speculated to be a metastasis
inducer.

Keywords. Cancer, dissemination, fatty acids,
hexadecanoic acid, iGEM, metastasis, palmitic
acid, probiotic, synthetic biology.

1. Introduction

The university environment is in continuous
evolution. Since the first universities to
nowadays, the objective of these institutions
has remained unchanged over time:
disseminate existing knowledge and discover
the answers to the new paradigms that arise.

Scientific research has been the tool to
access these answers. From physics, which
aims to unravel the absolute rules that govern
the universe, or the chemistry that studies the
behaviour of particles, or the mathematics that
studies the properties and relationships
between abstract entities. All of them are part
of a conglomerate called science.

While it is true that all provide useful
knowledge for humanity, biology and
biomedical sciences are of prominent relevance
to our specie. Curing diseases, increasing
longevity and improving the quality of life are
the classic objectives of biomedicine. However,
the incredible technological and scientific

advances in different areas obtained in the last
century have allowed us to go further and
consider recently unimaginable possibilities.

One of the fields that define this revolution is
the Synthetic Biology field. This field that has
been rapidly expanding for the last decade. As
a discipline residing at the intersection between
genetic engineering, biotechnology, circuitry
engineering and genetics, its main objective
consists in re-designing and building novel
biological systems and functions for research,
engineering and medical applications. Also
aims to create biological modules that, when
combined following a simple protocol, more
complex systems capable to execute a specific
task can be obtained.

Promising solutions have been proposed
across very diverse fields such as biofuel
production, leather generation by yeasts, petrol
digestion for cleaning, self-healing materials
and also in biomedical applications, including
cancer treatment with CAR-T cell therapy.

2. What is iGEM?

In the Synthetic Biology field, the most
important event in the world is the iGEM
competition. Having its origin at the MIT in
Boston, the educational impact that the iGEM
competition has had in the field and also in
training talented undergraduate students is

rather  astonishing, especially for its
multidisciplinary approach and international
outreach.

The iGEM competition, in which students
from universities all around the world form
teams and join, is a collaborative approach to
provide real solutions and solve environmental,
health, energetical and other challenges using
synthetic biology. It represents a “think-tank”
which has brought huge innovations to the field
both in research and in industry, creating start-
ups.

iGEM is also an open database of biological
parts. It is maintained by the contribution of all
the teams that compete every year in an effort
to build a standardized open source repository.
A significant part of each team project is
focused in the development of responsible
innovation through biosafety, biosecurity and
public outreach strategies. The projects
developed by the participating teams are
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presented each year in a big congress hosted
in Boston, the “Giant Jamboree”, where all
teams gather to interchange and expose their
ideas.

3. Outputs from iGEM Projects

The teams that enrol the iGEM, often, they
have great ideas. This is reflected in the fact
that many start-ups are created from these
teams. Also, many participants end up being
great researchers in prestigious research
institutions.

Examples of highlighted companies that
originated from iGEM projects are:

e Asimov [1], which is focused on the
development of genetic circuits for
intelligent therapeutics that respond to
disease. The company combines
synthetic biology, artificial intelligence,
and design automation to program living
cells.

¢ Ginkgo Bioworks [2], that is an organism
designing tool for  technological
applications and high throughput tools
design. They design microbes on
demand, using software and hardware
automation, to replace technology with
biology.

e SynBioBeta [3], which is the principal
innovation network in the field. Brings
together entrepreneurs, investors, and
biology enthusiasts to further develop
synthetic biology applications.

e Benchling [4], a web-based platform for
experimental design, data analysis, and
results sharing between researchers. It

offers tools for online note-taking,
molecular biology modelling and sample
tracking.

4. Our project

In the project that we are going to present
on the iGEM competition, we aim to build
synthetic engineered bacteria capable to
absorb palmitic acid to help preventing
metastasis.

Metastasis occurs when a cancer spreads
from the original tumour to other parts of the
body. Currently, controlling metastasis is still a
challenge and causes up to 90% of deaths
related to the presence of tumours. It has

recently been shown that a fat component,
called palmitic acid, can cause metastasis in
tumour cells. A main problem here is that
palmitic acid is found in many foods so dietary
restriction is not possible.

On the other hand, in our gut we find
millions of bacteria, which are known as the
intestinal microbiota. These bacteria perform
many beneficial functions. Then, we had the
following idea: What if we could develop a gut
microorganism, capable of up taking palmitic
acid and acting as a fatty acid sponge?
Achieving so would provide us with a potential
mechanism for combating metastasis, and it
could also be applied to treat other metabolic
diseases.

The project in depth history comes from a
recent publication in Nature: Targeting
metastasis-initiating cells through the fatty acid
receptor CD36 [5].

In this paper, led by two researchers from
Institute for Research in Biomedicine (IRB) and
CRG, it has been described that cancer cells
expressing high levels CD36 receptor, a long
chain fatty acid scavenger receptor, are more
likely to initiate metastasis in the presence of
an excess of dietary fat. Hence, overexpression
of CD36 in cell lines increased their potential to
metastasize. Besides, this study also showed
that the presence of CD36+ metastasis-
initiating cells correlates clinically with a poor
prognosis.

With these recent findings, a CD36-based
anti-metastatic therapy has been proposed, in
which the use of anti-CD36 neutralizing
antibodies would block fatty acid intake in
cancer cells and thus its ability to develop
metastasis.

5. Project Aims

In an attempt to propose an alternative
approach to the already existing antibody, our
project benefits from the presence of bacteria in
our intestines. Thus, we aim to design a
probiotic with an enhanced metabolism able to
increase fatty acid absorption. Our goal is to
reduce palmitic acid intestinal absorption, since
its presence in most foods makes unfeasible its
avoidance by dietary restriction. By decreasing
palmitic acid concentration in the intestinal
lumen and consequently its absorption and
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blood levels, we expect preventing it from being
used as an energy source for metastatic cells.

We believe that our probiotic would serve as
a complementary approach, with low cost and
accessible in places where an infrastructure for
administration of antibodies is not yet available.
Once we develop our system, we plant to
further optimize it for the use in the treatment of
other metabolic diseases.

The probiotic may also have industrial
applications, mainly in dietetics. by reducing the
intake of fatty acids, it could reduce the
problems associated with a diet with too many
saturated fatty acids. In addition, the genetic
circuit could be generalized to be more specific
for other types of fats, thus creating a more
specific probiotic for each case.

6. Social Impact

Apart from the scientific innovation of our
project, we have also set focus in the social
outreach of it since the field we are working is
mostly unknown to the general public.

Disseminating scientific knowledge can be
almost as important as the research itself. We
owe the society knowledge about what is being
done. Most researches got funding from taxes,
we got part of our funding from a crowdfunding.
For this reason, we are trying to disseminate
our project, and science, as much as we can.

Our project aims to have social impact at
three levels:

e Raise awareness of cancer and
metastasis and how synthetic biology
can prove itself useful as a treatment for
metastasis  among other  health
conditions.

e Promote an open and collaborative way
of doing science.

e Inspire of future scientist generations.
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Abstract. Explaining science to people takes
time from researchers, but it must be done. We
owe to the taxpaying people an explanation of
what is done with their taxes. It should be done
in order to avoid misinformation and stop the
growth of pseudoscience. It can be also used to
educate society and promote the critical
thinking. Some initiatives already exist, but
there still exists a bias. Disseminating behaves
risk to criticism from colleagues, and the work
on adapting science to general public still
despised. The main problem is not a lack of
initiatives and events, it is a social problem.
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1. Introduction

Scientific dissemination should be an
important task for the scientific community. It
could serve as a tool to fight misinformation, a
global problem, which can lead to serious
health and social problems [1]. It also can help
scientists to learn about different fields and thus
promote multidisciplinary teams.

Actually, there have already been
dissemination events for many vyears. For
example, “Royal Institution Christmas Lectures”
are a series of lectures that have been held at
the Royal Institution in London each year since
1825, with a stop during the Second World
War. These lectures were created by Michel
Faraday, who hosted the lectures in many
occasions, and nowadays are being
broadcasted on television. Every year, during
the lectures, speakers introduce a scientific
subject to a general audience, including young
people, in an informative and entertaining
manner. But this kind of acts are still quite
unusual.

More formal activities, like project
competitions, were more frequent. In these
competitions, professionals or students were
encouraged to make projects and present them
to the competition. As a prize, the opportunity
to present the project in front of an auditorium

full of people is offered, and in some cases,
also financial assistance for the project. This is
still the most frequent way to try to get people
interested in science.

2. Actual Dissemination

Times change, and we must adapt. Formal
activities are still an effective manner to
disseminate knowledge, but nowadays we
need more informal alternatives. One popular
and informal activity is "Pint of Science", an
informal event which consists on annual talks in
pubs around the world, free and open to the
general public. But this is not new at all. In
February 28, 1953 a client on The Eagle, a
Cambridge pub, announced that he, with a
colleague, discovered the “the secret of life”.
The client was Francis Crick, the colleague
James Watson and the discovery, the double-
helix structure of DNA. This was also scientific
dissemination in a pub.

At the present times, activities like "Pint of
Science" [2] demonstrated that science truly
interests the citizen and scientists also like to
explain their daily work to people. Scientists are
able to explain what they are doing in their daily
job to many people, connecting with them and
receiving questions from them. It is also
important that, with events like this, people gets
to know what is being done inside the
laboratories. People are really interested in
learning science, but many times it seems that
they think that if they go to a scientific event,
they will not understand anything, especially if
the event is more formal. In more informal
activities, people usually gets more involved,
asks more questions and feels closer to the
speaker. It is much easier for people to be
encouraged to come and participate in activities
like this.

Despite being very simple talks with little
content, many scientists are interested in
attending too. Most of them try to attend talks
about topics completely different from their
studies, so they can learn more about other
fields of science. Knowing about other fields
allows you to work better in a multidisciplinary
team. Therefore, acts like this would also help
to promote the creation of more
multidisciplinary research groups in the long
run.

Another novel scientific dissemination

131



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

activity is "FameLab™ [3], a competition that
consists in making a small scientific monologue
about science for the general public. This is
challenge for the scientists who get enrolled,
but it is a good way to increase the creativity
and the understanding of the presented theme,
because without a deep understanding, it is
difficult to explain meaningful concepts in just a
short monologue. It is also educative and
informative for the public. People are able to
learn a lot of diverse concepts from many fields
in a funny way and during very short time.

This kind of events are relatively new but
also welcomed by the people. More events like
the explained ones should be created, apart
from the more traditional events that are being
hosted nowadays. Also, it can be a preventive
measure to build a society based on science
and not in pseudoscience or misinformation.

3. Articles and Dissemination

Open Science is also important for scientific
dissemination. Giving information with a
referenced article not only gives more credibility
to the information, it also gives the opportunity
to the people to go deeper into the subject.
Unfortunately, again, academic publishing is
undergoing a crisis. Used to be common that
discoveries only were available on paper,
whether in books or journals, which few could
afford or were almost exclusively found in
university libraries. The cost was too high.

Things began to change when the internet
was invented, but astonishingly slowly. Paper
publications started to become less popular
among readers because instant PDF
downloads, availability anywhere and article
indexing on search engines were a major
benefit of online publications. Yet, to access an
article, you still need a subscription to the
journal or to be part of an institution with
access, like university libraries.

Then something new happened: online
journals and open-access journals started to
arise. Contrary to what we can think, this kind
of journals are not much cheaper than
traditional ones, because most of the money
that a journal spends it is intended to edit,
format or peer review the articles. Neither was
there much innovation in the way of funding the
journals. Online journals tried the traditional
subscription fee for access while open access

journals charged the authors that publish.
Either way, governmental science budget is
spent paying for science publication and
maintaining its access free.

Relatively recently, new journals tried a new
funding approach: advertisements for the
readers and relatively low taxes to publish for
the authors. This approach is not perfect, but
anyone with internet connection is able to
access the new knowledge for free while
authors can publish at relatively low cost. Also,
advertisements, if not personal information is
used, enable journals to obtain a decent
amount of money without major drawbacks.
Charging the authors is not perfect, but not
doing it at the moment is not an option. Being
able to send an article to publish for free could
cause an increase in the number of poor quality
articles that should be filtered. Despite this, an
even lower, symbolic, tax would be preferable.

Things are changing and articles are starting
to be more open, but it is not ideal. To improve,
not only the journals need to change, we need
support from society and collaboration among
all the scientists.

4. Promoting Science in Youth

Great progress has been made in teaching
science to children. Experiments have been
adapted for them and workshops have been
made. But the same does not happen with
teenagers. Adolescents have a lot of pressure
when they must choose which career they want
to do, and often the choose is wrong.
Therefore, it should be important to try to help
them making this choice. There are already
some initiatives that give the opportunity to a
small number of students to feel similar
experiences to those who will live in the
university. The problem is that this opportunity
cannot be offered for absolutely all students
who want it.

A possible solution, although not ideal,
would be to try to bring university students to
do more talks at the High Schools, explaining
their experiences and interacting more with the
students. Although teachers can help their
students a lot, sometimes it is better that a
person with a similar age, who recently was in
the same place where they are now, can help
them decide what they wants to do in a near
future. Another possible solution, this one
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outside the classrooms, would be making
workshops or talks more focused on them. If
more specific events are done, where the
collaboration among teenagers is promoted, it
would also help to ensure that in the future the
community that forms is more aware that
collaboration is important.

It can also be solved in a different way,
promoting collaboration but at the same time
creating competitiveness: creating a
competition for teenagers. For example, there
is a competition of synthetic biology called
“IGEM” [4], in which university students around
the world collaborate and compete, while
carrying out their own project and doing
research in the field of synthetic biology. This
same competition has a division for High
School students, but not all schools can afford
it. Therefore, similar competitions could be
created, at a local level, but with the same
philosophy. Thus, students could do research,
and even if it is very basic, would create a
much more complete experience during their
studies at the High School.

5. Conclusion

Congresses and other classical science
events are beneficial and should not be neither

replaced nor eliminated, but informal
alternatives focusing more general public
should also exist. We should take

dissemination as an obligation, since society is
very important for science. Money from the
taxpaying people is one of the principal
incomes for many researches. Therefore,
people should have the opportunity to know
what is being done at a level that they can
understand.

The scientific society, increasingly, is
concerned about having an impeccable
curriculum, attending conferences and
publishing articles. Instead, disclosure is
disregarded, although it should be one of the
main priorities. Initiatives are already beginning
to give more importance to the dissemination of
scientific projects, reaching a more general
audience and making science more fun, but still
lacks more involvement of society. We should
take into account that these projects are also
important to promote critical thinking in society
and fight misinformation, they are an
investment for the future.

Also, within the scientific community, the
mentality should be changed and the data
opened up for everyone. Since science is a
collaborative activity, unhealthy competition
between scientists can endanger science itself.
In addition, the most recent findings should be
available to everyone. But we must not forget
that formatting articles and keeping them
available on the internet has its cost. Therefore,
if the journals use advertising in order to
sustain (as long as advertising is ethical), it
should be seen as a lesser evil, because in this
way access to knowledge is more open to
everyone.
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1. Introduction

Engineering management is a career that
brings together technological problem-solving
savvy of engineering and organizational,
administrative, and planning abilities of
management in order to oversee the
operational performance of complex
engineering driven enterprises. A Master of
Engineering Management (MEM) is sometimes
compared to a Master of Business
Administration (MBA) for professionals seeking
a graduate degree as a qualifying credential for
a career in engineering management. Yet,
history clearly shows that the best managers
and leaders have always been technically
minded individuals with some degree of formal
engineering education [1]. A successful
engineering manager should have the skills
necessary to coach, mentor and motivate
technical professionals, which are often very
different from those that are required for
individuals in other fields [2]. Engineering
managers typically require training and
experience in both general management and
specific engineering disciplines that will be
used by the engineering team to be managed

[3].

Engineering Management Society of Serbia
was founded in 2009 by a group of professional
engineers, managers in engineering,
academics, and industry leaders, whom have

discovered an alarming trend in their midst. The
transitional economy of Serbia, combined with
the latest World economic crisis has had a
profound effect on the society, particularly on
its engineering segment. Engineering
management has been slowly outdated by
popular business management trends and
began seriously haemorrhaging its population
to more financially lucrative industries such as
media, banking, trading and management
consulting. Serbian society as a whole has
slowly become devoid of professionals with a
classical engineering education upon which

general and financial skills are built.
Engineering companies, manufacturing
industry, telecommunications, energy

producers, bioengineering, and all ,producing®
industries have begun a period of hibernation
under the leadership of poorly chosen and
inadequately educated individuals which have
little or no formal engineering education. New
ideas of production, technical skills, project
budgeting and challenges of the future have
been replaced by ideas of ,outsourcing” or
rather buying readymade solutions.
Engineering management profession in Serbia
has de-facto become management of low-cost-
cheap labour companies used for
subcontracting in geographic regions difficult to
access.

2. Literature review and research

question

As an expression of the pronounced need
for engineering managers, the mid-20" century
has seen the constitution of Department of
Engineering Management, first at universities in
the United States, which is considered the
cradle of the profession, after which the
process spread to European and Asian
countries, but here the development of study
programs was of lower intensity than in the
United States [4]. All this contributed to the
rapid increase of a number of new profiles of
managers, with different educational degrees,
academic journals, research projects, and
professional associations. This process was
accompanied by discussions and controversies
about whether engineering management is a
profession similar to the profession of general
management. The first study programs in
engineering management in Serbia have been
accredited in 2008. Study programs in
engineering management at all levels of higher
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education with a number of modules were
accredited only at the University of Novi Sad.

3. Research sample,
instrument

procedure and

The research was conducted over the period
from January to June 2016. The sample
consisted of 358 students of engineering
management and 195 engineering managers.
The research was conducted using an ad hoc
questionnaire created specifically for this
purpose, which was distributed online to the
respondents. The response rate was fairly high
(57%) and we can say that every second
respondent replied, so that the final sample of
respondents has been formed. The
psychometric characteristics of the
Questionnaire was good (Cronbach alpha =
0.89).

The study programs were conceptually
structured in a way that allowed engineering
managers to be trained to participate in fields of
work which were the most important for the
survival and development of modern
companies: strategic planning, organizing,
leading, managing, controlling. Also, one of the
specifics of the study program is to train future
engineering managers to solve managerial
problems using engineering methods and tools.
These study programs are aimed at providing
managers with the capacity to respond to
challenges of the global and dynamic market.
This implies that future managers should be
trained to build new products and services,
integrate technologies in business
organizations, and lead technologically well-
established organizations. Engineering
managers are expected to recognize new
opportunities through the introduction of new
technologies and be innovative in creating
products and services, which are better, faster
and cheaper than the existing ones, in order to
achieve a continuous improvement in customer
satisfaction. It is also essential for all
managers, including engineering managers, to
adopt the ethical principles of professional work
and be able to cope with the complexity of
ethical dilemmas in modern business
operations, especially with regard to the
neoliberal concept as a framework for all
business activities [5]. When it comes to the
profession of engineering manager, the
available data indicate that it received formal
and legal protection from the state. In the

Ordinance on the list of professional academic
and scientific titles issued by the Ministry of
Education of the Republic of Serbia (2007,
2008, 2010) [6], the section of technical and
technological sciences covers also the fields of
industrial  engineering and  engineering
management. Thus, by defining titles for this
type of profession, as well as the identification
codes of the profession, the state legally and
formally  recognizes the profession of
engineering manager and in this sense one can
say that this profession in Serbia is legally
protected. However, in actual working
conditions, it is unknown whether companies in
their job systematizations have positions
foreseen to be held by engineering managers
and whether they announce a competition for
this profession? It should be noted that it is a
new profession that may not yet be sufficiently
recognized in Serbian business environment.

As for the need for this new managerial
profile, the Italian author Lo Storto [7] pointed
out that in the late 20" and early 21" century,
the increased competition at labour market and
related need to improve productivity in
manufacturing and services imposed a need for
a more effective management in technical
functions of companies. Attempting to increase
flexibility and efficiency, many companies have
created a more balanced organizational
structure by combining engineering and
managerial jobs. One can agree with Lo Storto
[7] that in this context, the areas of work and
responsibility has dramatically changed, so that
engineers in modern companies began to
perform many managerial activities beyond
conventional, technical activities associated
with the engineering job. In the opinion of this
author, engineering managers are different
from other managers in that they have the
ability to apply engineering principles and skills
in organizing and managing technical projects,
and people in technical jobs. They are qualified
for three types of activities: managing technical
functions (such as production and design),
managing a wide range of activities (such as
marketing or top management in hi-tech
companies), and managing organizations
orientated towards engineering, technology or
production. In his opinion, engineers can be
particularly effective in general management of
hi-tech companies because critical factors in
these companies are often technical by nature
and engineers are skilled to recognize and
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resolve them. Allain Bromley from the Yale
University (according to Lo Storto [7]) believes
that the first 10 percent of decisions in an
average engineering project are made by the
effective involvement of engineers, while for
making the remaining 80 to 90 percent of
decisions engineers are insufficiently trained,
because instead of being purely technical
decisions, these also include decisions of
economic, ethical and political nature,
assessing international affairs and other
business dimensions [7]. Therefore, this author
advocates creating a larger number of
engineers who are competent in all these areas
of decision-making. In the past, conventional
engineering education included understanding
and applying technical knowledge of
employees in using and improving natural
resources for human purposes. In actual
conditions, the emphasis is on associating
technical-engineering competencies with
managerial, economic and other skills and
competencies in order to achieve greater
business success. Lo Storto [7] lists four
reasons supporting his view that the main
impetus for establishing study programs of
engineering management comes from the
market: the great oil crisis in the 1970's
produced an awareness of the need for
technically trained managers to manage
technological systems with scarce resources;
the demand expressed by the industry for
engineers and scientists capable of performing
technical - managerial roles; the high demand
of industry for introducing changes in academic
institutions necessary for the development of
graduate courses in the field of management;
and the awareness that technology alone is not
enough to build industrial leadership, and that
the critical power needed for obtaining
competitive advantage in the market lies in the
ability of managing technologies, that is
engineering management.

Professional ethics is a set of norms, values
and goals that members of a particular
profession need to practice in their work. The
essence of professional ethics is primarily in
using professional knowledge for general
welfare. This means that professionals should
not deviate from standards of their professions
regardless of the pressures. Professional ethics
also prescribes behaviours in relationships in
which professionals engage in performing their
jobs, including relationships between the
professional and the client, relationships

between fellow professionals, relationships
between the profession and the wider
community (local or cosmopolitan), as well as
relationships  between professionals and
organization as a whole. Norms which need to
be complied with by members of a specific
profession are usually formulated in the
ordinance of professional conduct or code of
ethics, delivered, supervised and implemented
by the professional association. Why to insist
that members of a profession should supervise
their colleagues in terms of complying with the
code of ethics or its implementation? Because
members of a specific profession know exactly
how their fellow professionals should be acting
in specific situations. The very existence of
code of ethics is of particular importance for
each profession because it sends a message to
the public that members of a given association
will perform their professional activities in the
interest of the public. These codes have
several important functions [8]. So far, the
profession of engineering manager has not yet
been fully analysed from the perspective of all
of its constituent elements. Numerous articles
and textbooks whose title includes the term
engineering management are mainly focused
on individual functions of engineering
management. Planning as one of the main
functions of engineering management has been
in the focus of a growing number of authors
[4,8-12]. Also, a significant number of authors
analyse the function of organizing [13-17]. Also,
a number of authors take leadership as their
main topic [14-15,18-20]. A handful of authors
are focused on control as an important
managerial  function [21-23]. Engineering
management as a specific type of
management, but only from the aspect of the
type of job and function, was analysed by a
substantial number of authors [1,24-29]. Insight
in domestic literature indicates a lack of
research related to the level of development of
constituent elements of the profession of
engineering manager. This points to the need
for studying the profession of engineering
manager in a comprehensive manner, primarily
by examining which of their constituent
elements are well developed, which are
partially developed or have not yet been
developed at all, and investigating the factors
that resulted in this situation [30]. Current
economic processes in Serbia show that
systems in the field of economy and other
areas, regardless of whether they are newly

136



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

established or renewed, need highly
professional management teams. In these
teams, contribution of the profession of
engineering manager is of particular

importance for organizing and managing the

available resources efficiently. For these
reasons, the following are the research
question examined in this paper:

1) Is professional ethics an important

constituent element of the profession of
engineering manager?

2) What are the other important factors
that constitute the engineering manager
profession?

4. Research

Factors that influence the constituent
elements of the engineering profession were
examined using the structural model. Based on
the review of literature, the following
independent variables were assumed to
influence the constituent elements of the
profession of engineering management:

e KNOWLEDGE - theoretical knowledge,
practical knowledge, currency of
knowledge and degree of adaptation of
the coursework to the objectives of study
program;

e PILLARS of knowledge on
engineering management rests;

e ACTIVITIES of students ranging from
creative thinking and problem solving in
the subject area, through student
teamwork and making plans for the own

which

business, to plans  for  further
professional development;
e PRACTICE, professional student

practice from the perspective of adoption
of techniques in the process of
professional socialization;

¢ COMPETENCES - learning outcomes or

competences of engineering
management;
e CAPACITIES - developing

entrepreneurial capacities in surveyed
students of engineering management;

e RESPONSIBILITIES that engineering
managers have in specific organizations;

¢ FACTORS that influenced engineering
managers to take leadership positions;

e MOTIVATION of engineering managers
for accepting leading positions;

¢ PROFESSIONAL ETHICS as an
important factor of professionalism.

The independent and dependent variables
were operationally defined by the
Questionnaire. Validity of the defined structural
model was tested wusing ten standard
parameters of model fit and the indicators of
quality of the model (Table 1).

Table 1. Basic parameters of the general
structural model

Average path coefficient (APC) 0.124 P=0.006
Average R-squared (ARS) 0.412 P<0.001
Average adjusted R-squared (AARS) 0.393 P<0.001
Average block VIF (AVIF) 1.373 Ideal
Average full co linearity VIF (AFVIF) 1.483 Ideal
Tenenhaus GoF (GoF) 0.427 High
Sympson's paradox ratio (SPR) 1.000 Ideal
R-squared contribution ratio (RSCR) 1.000 Ideal
Nonlin biv direct ratio (NLBCDR) 0.750 Acceptable

The values and statistical significance (p) of
all parameters are shown in Table. The
significance of the created and obtained model
is high (APC = 0.124, p = 0.006 and AARS =
0.393 p = 0.000). These results allow for
interpreting the relation between the dependent
variable of the study (constitutive elements of
the profession) and the independent variables
measured across the student population and
the population of engineering managers.

Path coefficients corresponding to each
independent variable, their significance, as well
as their effect on the dependent variable are
shown in Table 2. Based on the response of
the student population, the following

independent variables were found to be
statistically  significant in  affecting the
constituent elements of the engineering
profession:

e Knowledge acquired during the studies

e Competences of engineering manager

e Activities of students of engineering
management while studying

e Professional practice

e Capacities of students for
entrepreneurial  ventures  influenced
engineering managers to take leadership
positions in organizations.

The variable factors have a negative path
coefficient and a negligible or small effect on
the dependent variable. On the other hand,
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ethics has a positive path coefficient and a
medium effect on the dependent variable.
Independent variables of motivation for
accepting managerial positions, responsibilities
that engineering managers have in their
organizations, and pillars of knowledge on
which the study programs of engineering
management rest have no statistically
significant influence on the dependent variable,
as evidenced also by the negligible effect.

Table 2. Relation between the dependent
variable and the independent variables in the
obtained structural model

Constituent
elements of

Constituent Constituent
elements of elements of
the

profession

the profession the profession

Path coeffic. Significance Effect

KNOWLEDGE 0.115 0.019 0.038
ACTIVITIES 0.177 <0.001 0.081
PRACTICE 0.129 0.009 0.036
COMPETENCES _ 0.150 0.003 0.078
CAPACITIES 0.255 <0.001 0.126
MOTIVATION 0.026 0.324 0.001
FACTORS -0.105 0.029 0.010
RESPONSIBILITIES -0.084 0.066 0.008
PILLARS 0.056 0.156 0.007
PROFESS. ETHICS 0.139 0.006 0.027

5. Discussion
5.1. About the constituent elements of the
profession

All constituent elements of the profession of
engineering manager were evaluated by
respondents with the average score of about
three or slightly above it. In addition, the level of
development of theories and techniques in the
field of engineering management and the level
of development of professional ethics were
evaluated with an average score of 3.25. The
data suggest that respondents perceive the
constituent elements of the profession of
engineering manager in Serbia as
underdeveloped, which implies requirements
for: greater involvement of the faculty in terms
of further developing the theoretical and
methodological knowledge required for the
profession of engineering manager; significant
involvement of the state in terms of legal
protection of monopoly over professional
expertise in the profession of engineering
manager; higher and more serious activism of
engineers themselves in the development of

professional associations; and involvement of
the faculty in adopting professional ethics by
engineers of management and professional
associations in the promotion and complying
with professional ethical codes (Table 3).

Table 3. Assessment of constitutive elements of
the profession

Constituent element Total
CE1: development

of theories and

techniques in the

field of engineering

management 3.00
CE2: monopoly

over professional

expertise

(regulated legally) 3.00
CES3: external

recognisability of the

profession of engineering manager 3.05
CE4: organizations of

the profession of

engineering manager

(professional

associations) 3.19
CES5: development

of professional

ethics

(managerial

ethics) 3.25

5.2. Factors that affect the
elements of the profession

constituent

Knowledge acquired in study programs of
engineering management were assessed both
by students of engineering management and
engineering managers as too theoretical, while
the practically applicable knowledge is under-
represented (Table 4).

The respondents believe that the highest
emphasis in the study program which they were
studying was on the knowledge of
management. All respondents agreed that
study programs in engineering management
lack the knowledge of engineering disciplines,
but they also believe that knowledge of
economy, as well as combinations of other
disciplines  with economy, are poorly
represented in the study program. One can
assume that this finding is associated with
relatively modest knowledge of economics,
much needed by engineering managers in their
actual working process. Regarding the outcome
of study programs, the general opinion is that
the best results were achieved in developing
presentation skills, communication skills, and
the ability of creating effective teams.
Respondents highly valued the degree to which
study programs were realized from the
standpoint of developing competencies related
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to communication skills. At the same time,
respondents believe that the least has been
achieved in developing skills of mentoring,
designing and recognizing potential innovation
in engineering management (Table 5).

Table 4. About the acquired knowledge

Contents Total
Theoretical

knowledge: 4.15
Practical

knowledge: 2.64
Currency of

knowledge 3.81
Adaptation of the structure to

objectives 3.80
QUALITY OF

TEACHING 3.77

Professional student practice (Table 7) as
part of the study program received relatively
low scores from surveyed students of
engineering management.

Table 5. Competences

Competences Total
Possibility of finding job in the company where professional
practice was performed 3.41
Ability of relating theoretical knowledge with practical

problems and their solution 3.54

Ability of researching in the field of engineering management 3.42

Leadership knowledge 3.75
Knowledge of strategic planning 3.53
Knowledge of operational planning 3.54
Organizational knowledge 3.89

Recognizing potential innovation in engineering management 3.41

Ability of transforming the ideas in projects and action 3.61
Communications skills 4.08
Presentation skills 4.18
Practical application of technologies in business 3.52
Ability of working on multiple jobs in parallel 3.61
Negotiating skills 3.62
Designing 3.34
Business evaluation 3.48
Setting objectives 3.90
Creative problem solving 3.91
Understanding the relation between the company and the

market 3.50
Teaching / mentoring abilities 3.38
Working with different people and cultures 3.68
Extending the social network within the organization 3.53
Extending the social network beyond the organization 3.45
Creating efficient teams 3.91
Solving conflicts 3.83
Entrepreneurial knowledge 3.68
Knowledge in business economy 3.49

As for the characteristics of the teaching
process, students are satisfied with the quality
of teaching staff and the ability of teachers to
encourage students to think and engage in
dialogues.

However, students warn that laboratories
should be better equipped and more attention
is needed to prepare students for scientific
research. The surveyed students believe that
the capacity of educational contents and the
commitment of teachers to encourage students
to various activities have the most positive
influence in enabling students for teamwork in
research projects, as well as in enabling
students for their further professional
development (Table 6).

Table 6. Capacities

Capacities Total

Professional knowledge (engineering and managerial) 3.58

Organizational abilities 3.99
Money-handling skills — accurately planning the

investments 3.68
Ability of conceiving a business idea and develop the own
business 3.51
Ability of foreseeing the market movements and

developing new products and services 3.36
Problem solving as a challenge 3.85
Leadership knowledge 3.81
Ability of creating new business contacts 3.85
Capacity to take control over the business process 3.56

The only features of professional student
practice with which the surveyed students were
satisfied are those relating to the characteristics
of mentors, i.e. engineers who were presenting
the work in the organization to students.

Plans for the future of surveyed students are
mainly related to their desire to find
employment in the profession and continue with
masters and doctoral studies in Serbia.
Findings of the research relating to students'
self-assessment regarding their capacity to
start a private business of their own have
shown that faculty programs and educational
practice need to be more focused on
developing entrepreneurial skills in students. As
indicated by the results, identification with the
profession was successfully accomplished in
the process of socialization for the profession.
In this sense, the findings show that students
clearly see the underdeveloped nature of all
constituent elements of the profession of
engineering manager, which indicates that they
perceive their future profession correctly. In an
effort to examine the types of responsibilities
engineering managers have in their
organizations, respondents were offered a list
of fifteen different types of responsibilities —
from responsibility for the fulfilment of the
budget and responsibility for the predefined
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annual profit growth, through the responsibility
for lowering the employee turnover rate and the
responsibility for the safety at work and
environmental protection.

Table 7. Practice

Practice Total
Length of the professional practice 2.86
Adequacy of the program of practice for the future

professional work 2.85
Mastering the practical application of theoretical knowledge
obtained an the faculty 2.82
Professional and creative challenge of jobs performed

during the professional practice 2.86
Excitement with jobs performed during the professional

practice in the company/institution 2.92
Level of responsibility in jobs performed during the

professional practice 2.69
Professionalism of your mentor during the professional

practice in the company/institution 3.15
Communications skills of your mentor during the

professional practice 3.18
Creating a network of business contacts important for your
future professional work 2.89
Possibility of finding job in the company where professional
practice was performed 2.68

For each responsibility offered they were
asked to indicate whether they perform it in
their organization or not. The highest share of
surveyed engineering managers was
responsible for deadlines, the annual
implementation of projects, quality and cost
reduction. On the other hand, the smallest
number of respondents was responsible for
lowering the rates of employee turnover,
environmental protection and safety at work.
Characteristics of study programs in
engineering management were examined by
asking the respondents to assess the pillars of
these academic programs. In this regard,
engineering managers were given the task to
evaluate the dominance of one kind of
knowledge, or a combination of knowledge,
from various fields contained in the basics of
engineering management. Respondents were
asked to evaluate the following pillars of
knowledge of engineering management on the
scale from 1 to 5: knowledge of engineering,
knowledge of management, knowledge of
economics, balance of the program, knowledge
of engineering and management, knowledge of
engineering and economics, and knowledge of
management and economics. The resulting
distribution of responses showed that the
surveyed engineering managers think that the
highest emphasis in their study program was
on the knowledge of management. These
respondents also highly valued the balanced
study program in terms of the body of
knowledge on which their study program was

based. On the third place, in the opinion of
respondents, was the emphasis on the
combination of knowledge of engineering and
management. The lowest score was received
by the body of knowledge of engineering.

The results of the part of research relating to
professional ethics and professional
association of engineers as important elements
of professionalization indicate the following: the
overwhelming portion of respondents are aware
of importance of business ethics, but in actual
business processes they fail to always comply
with these policies, that is, they only sometimes
comply with, which negatively affects the
process of professionalization of this kind of
social activities. Despite the generally positive
attitude of engineering managers towards
business ethics, this research shows that they
are more utilitarian-oriented in sense that they
believe that the primary task of management is
to maximize profit. At the same time, the
surveyed engineering management expressed
the lowest level of agreement with the
statements referring to the obligation of
managers  to protect  social justice,
environment, and serve to the welfare of
society.

6. Conclusion

All the previously presented and data-
backed limiting factors in the development of
the engineering profession also point to the
possibilities for the professionalization of
engineering management in Serbia. As the
research of the professional ethics of
respondents showed that this element of the
profession is insufficiently developed, it is of
special importance for professional
associations to define the professional code of
ethics and provide mechanisms for complying
with the code in pursuing the professional
activity. Using the method of structural model,
and based on the unification of the two
independent sets of results, it has been shown
that at the level of studies of engineering
management there are direct and indirect ways
of affecting practical aspects of improving its
constituent elements. This is primarily reflected
in the creation of realistic ethical basis for
managers during the study process, as well as
teaching and applying it. In this way, the
problem of constituent elements of the
profession should be realized to the fullest. By
accepting the actual professional

140



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

competencies, engineering managers would be
the real transmitters of and difference-makers
in existing social relations. This estimate
excludes the utilitarian political concept and
includes a real willingness for the acceptance
of educating the people and exploiting their
knowledge for the benefit of society. The
results clearly suggest that there is a need for
developing knowledge and competence in
future engineers of management at the level of
studies of engineering management through
appropriate extracurricular activities. It is also
very important to provide them with adequate
professional practice and develop capacities in
them to perform this responsible and socially
useful work. On the other hand, the results
showed that in the process of socialization for
the profession it is also possible to indirectly
influence the ethical values, as well as
motivation and critical factors that affect the
decision of engineering managers to take
leading positions. Only the synergy of all the
above elements will enable all constituent
elements of the profession to develop in a way
in which they were operationally defined in this
study. Thus, the brief conclusion is: Non
scholae, sed vitae discimus.
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Abstract. Scientific illustration is a powerful
tool to communicate science since it visually
represents aspects of science without the help
of any word. Thus, illustration can be
considered a universal language that anybody
is able to understand.

Biolllustra is an emerging scientific illustration
brand that firmly believes in communicating
science through images. | would like to offer a
science fair experiment where students and
public in general could get a little bit closer to
the world of scientific illustration. The idea is to
create a scientific sketching environment and
bring people the opportunity to turn themselves
into scientific illustrators.

Keywords. Art and
communication, scientific
information.

science, scientific
illustration, visual

1. The origin of scientific illustration:
three great examples

Throughout history and in our own time,
many famous scientists have stood out not only
for their wide scientific knowledge, but also for
their artistic skills. The origin of scientific
illustration is inextricably linked to scientific
texts, because image and texts have been
evolving in parallel with the advances of
scientific and technological knowledge. In many
cases, images are the best mode of transfer of
knowledge, being necessary and even
essential. Leonardo da Vinci, Galileo Galilei
and Ernst Haeckel are some example of great
scientific illustrators in our history [1].

Leonardo da Vinci (1452 — 1519) was a
talented artist, scientist, engineer, inventor,
anatomist, sculptor, naturalist, musician, poet,
philosopher and writer. One of his most famous
drawings is the Vitruvian Man (1509), a perfect
analysis of the human body proportions.
However, da Vinci was also the creator of the
modern sketchnoting: he made hundreds of
illustrations about human anatomy and the
human foetus, which are undeniably beautiful
and accurate [1-2].

Galileo Galilei (1564 — 1642), as well as
Leonardo da Vinci, was an ltalian polymath.
Galileo published an astronomical treatise
known as Sidereal Messenger (1610), the first
scientific publication based on observations
made through a telescope. He reported his
discovery of four satellites of Jupiter and
mountains on the Moon. Galileo lived during
the Renaissance period when art stood out for
sophisticate  mathematical techniques for
drawing, such as linear perspective and
handling light and shadow. Contemporaries of
Galileo without artistic training in perspective
were not able to see the mountains of the
Moon, even though they had similar
telescopes. They only saw some dark spots in
the surface of the Moon, while Galileo, thanks
to his artistic knowledge, realised that those
spots were actually mountains and craters.
Galileo was the one who could see scientific
phenomena with the eyes of an artist [1-3].

Ernst Haeckel (1834 — 1919) was also a
multifaceted scientist and artist. Haeckel was a
zoologist and an accomplished illustrator. He
discovered and described thousands of species
and mapped the phylogeny of the tree of life.
Moreover, Heackel helped to popularize
Darwin’s theories to the lay public thanks to his
illustrations. His most famous scientific
illustrations were published in the book Art
Forms of Nature (1899-1904) which consists in
100 illustrations of various organisms (many of
them discovered by Haeckel). The main theme
was mathematical encoded structures in
nature, such as, the scale patterns of
boxfishes, the spirals of ammonites and the
symmetries of jellies [4].

2. The basis of scientific illustration

Usually, what captures your attention when
you open a scientific book or magazine are the
images you can see on it. Images can be the
trigger to read an article or a book chapter, but
they can also help to visualise the topics or
understand difficult concepts. Examples are
phenomena that are not visible to the human
eye and elements that are impossible to
photograph, like an extinct animal, historical
reconstructions or elements of the universe.

The main goal of scientific illustration is to
represent a complex reality in the clearest way
as possible. For example, in human anatomy,
while a photograph of an organ could be
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unclear, confusing, and even unpleasant, an
illustration allows to penetrate beyond the
photograph and appreciate all the anatomic
details of the organ.

Sometimes an image can be considered
only as a decorative element but scientific
illustration demonstrate that this is not true at
all. A good illustration may provide as many or
more elements than a written text because it is
easier to schematize and to visualise concepts
through a drawing [5].
scientific

21.Why working with a

illustrator?

As a scientist, it is essential to communicate
in order to achieve a higher impact for your
work. A regular scientist is usually well-trained
to communicate in a verbal way: writing and
presenting orally, leaving visual communication
on a second level. In consequence, most
scientists never really learn how to
communicate effectively through images. This
is why the collaboration between a scientist and
a scientific illustrator may be highly beneficial

[5].

| believe a good scientific illustrator must
merge artistic skills with a strong scientific
background. A scientific illustrator is defined as
an artist who serves science, so he or she must
stick to the truth and not to subjective
interpretations.

3. Biolllustra and
HSci2018

its participation in

| strongly believe in the quote “an image is
worth a thousand words”, and from that idea is
where Biolllustra was born. Biolllustra [6] is a
young scientific illustration brand that works to
communicate science through images, pictures
and designs. An artistic representation of the
clam Ruditapes philippinarum is shown in
Figure 1.

In the 15" annual international conference
on Hands-on Science (HSci2018) held in
Barcelona, | would like to offer a science fair
experiment where students and public in
general could get a little bit closer to the
beautiful world of scientific illustration. The idea
is to create a scientific sketching environment
and bring people the opportunity to turn into a
scientific illustrator for an afternoon observing

different samples under a microscope and
drawing them as an artist.

Figure 1. Ruditapes phillipinarum (Helena Arifio-
Bassols, founder of Biolllustra; 2017)
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Abstract. Genomics is benefiting from exciting
technological advances, joining next generation
sequencing platforms  with  bioinformatics
solutions for data analysis. This paradigm
cannot be disregarded when promoting
genomic literacy among high school students.
In this work we explored a bioinformatics-based
approach designed to have a positive impact
on students’ knowledge about genomics’
concepts and methods. Based on it, this study
highlights the benefits and the adequacy of
dedicated bioinformatics activities to foster
students learning of core concepts in genomics,
while contributing to enhance students’
motivation, interest and scientific reasoning.

Keywords. Bioinformatics, conceptions, geno-
mics, high school.

1. Introduction

Genomics can be briefly defined as a
scientific field dedicated to the study of
genomes [1]. In the last decade, it has had
major  developments, mainly due to
technological advances of next generation
sequencing platforms coupled with ingenious
bioinformatics solutions for data analysis [2-4].

In this regard, it is widely acknowledged by
educational stakeholders that genomics
literacy, briefly defined as the knowledge of
basic genetics and genomic concepts and
processes, should be promoted in high school
[5-6].

The integration of basic genomics concepts
in the classroom should incorporate the use of
bioinformatics and computational biology tools
having in mind the importance of these
resources to comprehensively address
genomics studies [7-10].

The interdisciplinary character of
bioinformatics is at a privileged position to
foster  citizenship  education [11]. A
bioinformatics-based approach increases
students awareness of the decisive role of
other disciplines, such as mathematics -

through algorithms for data analysis - and
computer science — capable to integrate large
datasets - in genomics research (Table 1).

Curricular k

Learning Goals

ion and Ci

« Information, knowledge and the world
of technology: the evolution of
information and communication
technologies (ICT) and its role in the
contemporary world.

« Exploration of computing environments:
creation of products, using tools and
computing  environments  installed
locally or available on the Internet,
appropriate to the cognitive
development of students.

« To develop knowledge and skills in the

use of information and communication
technologies that allow widespread
digital literacy.

« To foster the critical analysis of the role

and power of information and
communication technologies.

« To develop a method of computational

thinking, centered in the description
and problem solving and in the logical
organization of ideas.

« To stimulate students as active users

of computers, networks and Internet.

« Physical and chemical properties of
materials:  physical and chemical
properties of substances. Justify from
selected information, the importance of
analytical chemistry in areas related to
our quality of life, such as food security,
environmental quality and disease

+ To understand that the manipulation of

chemical reactions can promote a
desired outcome.

+ To disclose the influence of factors that

generally affect the equilibrium in a

Chemistry

diagnosis.

« Chemistry and Industry: Control of
industrial  production;  Effects  of
temperature and concentration in the
equilibrium of a system.

system, and their relevance in
everyday situations, such as in the
food industry.

« To organize, analyze and design
solutions for a problem by interpreting
data displayed graphically.

* Measures of location: Represent,
process and analyze data sets.

« Solving problems involving functions
and manipulating variables.

Mathematics

Table 1. Potential of bioinformatics tools as a
promoter of interdisciplinarity: In Information
Technologies and Communication these tools
can be used to understand the role of
information technology in science development;
in Chemistry, teachers can use these resources
to manipulate the factors that influence chemical
reactions; or in Mathematics as a source of
graphs for students interpret

Genomics education is fundamental to build
up informed students capable to engage
judiciously into discussions about genomics
solutions for a panoply of real-world problems
(e.g. gene therapies, genetically modified
organisms — GMOs -, cloning, genetic testing or
genetically engineered vaccines) [12-16].
According to Kovarik et al. [17], discussing real-
world problems with students and introducing
them to the exploration of authentic science
tools, contributes to increase their interest in
Science, Technology, Engineering and
Mathematics (STEM) contents, while promoting
critical thinking. Moreover, these approaches
involve ethical theory which help students to
understand the relevance of the science,
leading them to assume a position regarding
society issues with impact in our daily lives. In
fact, in the last decade we witnessed a burst of

exciting findings and societal discussions
related, for instance, with personalized
medicine based on individual genomic

information, preservation of biodiversity, and
the promise of new molecules from
comprehensive metagenomics studies. These
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scientific progresses are raising sensible
questions regarding bioethics and political
options, that will require educated citizens
capable to take scientifically informed
decisions.

By getting acquainted with bioinformatics,
students will realize their applicability and foster
their interest, which may ultimately contribute to
pursue careers in STEM fields. For students
who do not pursue careers in STEM,
understanding the applications and limitations
of bioinformatics tools will scaffold them in
taking informed decisions [17].

Regardless the importance of this subject,
school teachers generally feel uneasy to
approach this issue and tend to centre their
teaching practice in expository methods of
manual contents [18-19]. In this regard, it is
urgently needed to propose hands-on
bioinformatics-based  activities aiming to
introduce a practical component to boost the
learning  outcomes  [20-21]. To  fully
acknowledge the importance of the currently
curricular required notions, an update of the
science standards of high school education is
required in order to include new core concepts
to face the challenges of an era characterized
by daily advances in genomics and
metagenomics.

2. Genomics in high school curriculum

Nowadays, basic notions of genomics
already integrate the high school science
curriculum to address diverse issues,
particularly those related with heredity,
biological evolution, gene regulation and
protein synthesis [22-23]. Some examples of
the required notions high school students have
to acquire are listed in Table 2.

Having as reference the Next generation
Science Standards (NGSS) [22], recent studies
have shown that despite the school/academic
improvements of genetics and genomics
content coverage, all the educational
stakeholders, including scientist experts and
policy-makers, are key players to contribute
with recommendations to enhance students’
literacy in genetics and genomics [24-25].

In this context, the present work focus on
the identification of specific concepts, presently
absent from the curricular contents, but which

integration we believe is important to facilitate
the understanding of issues addressed in
classes, such as gene therapies and GMOs,
leading to an engagement of students as
citizens and boosting their motivation [26-27].
The proposed core concepts were chosen
considering their importance for a clear
comprehension of the current required notions
and to understand up-to-date genomics issues
and get acquainted with user-friendly
bioinformatics tools:

e Open Reading Frame (ORF) is a
hypothetical coding sequence with a
start and a stop codon [26]. This is an
absolutely  essential concept to
understand how raw genome sequences
are assembled and annotated.

e Basic Local Alignment Search Tool
(BLAST) is based on an algorithm which
identifies similarities between the query
sequence and the sequences deposit in
gene banks [27-28]. BLAST leads to the
comprehension of evolutionary
relationships and the identification of
genes and gene families [28].

e Intergenic regions are DNA sequences
located between codifying
sequences/genes [29]. By recognizing
the existence of these regions, a better
comprehension of how genes are
organized in the chromosomes can be
achieved while the understanding of
gene regulation is improved.

e Synteny refers to the preservation of the
blocks of genes on chromosomes across
different taxa [30]. This concept is
essential to evaluate if gene clusters are
conserved, and therefore derived from
an ancestral genomic region [31]. This
notion is fundamental to approach
comparative genomics studies within the
scope of evolutionary biology.

e Comparative genomics is the scientific
field that studies comparatively genomic
regions of different taxa in order to
disclose affiniies among different
organisms [32]. This notion allows to
explore evolutionary reasoning which
evokes the need to hypothesize the
presence of identical genes clusters
across different taxa.

In order to integrate these specific concepts
in genomics teaching practices, a hands-on
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activity was explored to prospectively develop
students’ learning skills in genomics and
bioinformatics.

Improving Genomics Education
Genomics Concepts

Current Required Notions Introducing New Core Concepts

Genome

Chromosomes
Open reading frames (ORFs)
Genes (structural, operator,
Basic Local Alignment Tool
repressor, regulator, promotor)
(BLAST)
Start and stop codons
Intergenic regions
Operons
Synteny
Genetic code
Comparative genomics
Taxonomic groups

Evolutionary relations

Table 2. Description of required notions which
currently integrate the science standards for
high school; and of the core concepts which

would be important to add in the curriculum to

improve scientific literacy in genomics

3.A hands-on approach to Ilearn

genomics core concepts

Previous studies showed that promoting
genomics education through practical activities
revealed to have a positive impact on students
learning [33-35]. In this regard, several hands-
on proposals for high-school can be found in
the literature [36-39], most mainly centered on
in silico approaches [40-43].

The current study addresses the potential of
a hands-on bioinformatics-based activity,
proposed by us [40], designated as “Mining the
genome: using bioinformatics tools in the
classroom to support student’s discovery of
genes” to promote the learning of the above-
mentioned genomics concepts. It is important
to emphasize that this activity was designed to
provide teachers, generally uneasy with
bioinformatics-based exercises, with a suitable
didactic instrument which strongly contributes
to improve students’ knowledge about
genomics’ concepts and methods. While
performing this research driven activity, it is
expected for students to strengthen concepts
related with protein synthesis and gene
regulation (e.g. genome, genes, codons) and
also learn new genomics core concepts
currently dismissed from curricular contents.

Following detailed guidelines, students are

driven to identify genes, disclose their genomic
context, and hypothesize about their evolution,
using up-to-date research platforms [40].

By accessing a comprehensive genebank
database to obtain the specific DNA sequence
such as the National Centre for Biotechnology
Information (NCBI) database [44-45], students
can understand that genomic information is
freely accessible and realize that NCBI is an
open access resource.

After retrieving the DNA sequence of
interest, students are challenged to use the
NCBI ORFfinder [46], which allows them to
rapidly identify all possible ORFs of a given
DNA sequence. This is an important step to
understand how to deconstruct a DNA
sequence, and identify all possible ORFs, start
and stop codons, and getting a glimpse of the
routines downstream of the outputs obtained
from automatic sequencer machines to the
identification and annotation of putative genes.

With all possible ORFs identified, students
are asked to verify which of these ORFs might
represent putative genes. In this regard,
students are introduced to NCBI BLAST tool
[47]. During this task students realize that not
all DNA sequences bracketed by a start and a
stop codon are coding sequences and that
ORFs can be located in different reading
frames and oriented in either directions.

To elucidate students about which of the
OFRs are actually coding sequences, and also
to provide information about the presence of
similar putative genes in other taxonomic
groups, a blast analysis is carried out.

Using the tool MaGe (Magnifying Genomes)
of MicroScope (Microbial Genome Annotation &
Analysis Platform), an open-access and user-
friendly bioinformatics platform for microbial
genomics analysis including comparative
genomics [48-49], students can easily retrieve
meaningful data namely the genomic
coordinates of specific genes; characterize their
flaking regions; access their full sequence;
determine the reading frame and the coding
strand. More importantly, with this in silico
exercise students get acquainted with tools to
comprehensively compare bacterial genomes
belonging to different taxa, and intuitively
comprehend fundamental concepts of evolution
and phylogenomics such as homology and
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synteny.
4. Conclusion

The authors are grateful to all participants of
this study (teachers, students and schools) and
to Leonor Martins for the fruitful comments
made on the manuscript. Ana Sofia Martins is
supported by a fellowship from Fundacéo para
a Ciéncia e Tecnologia — FCT (SFRH/BD/
112038/2015).
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Abstract. The question about why we age and
what we can do to keep ourselves young, is
and has been a really recurring question in the
history of humanity. The purpose of the article
is to bring ideas about the principal study topics
if you want to discover the process of aging,
from why do we age to what we can do to slow
down the process. Everything with a scientific
base which includes biology, chemistry and
physics.

Keywords. Telomers, telomerase,
process, oxidative stress.

aging

1. Introduction

The aim of this article is to bring ideas for
answering questions about the aging topic and
doing it by using concepts related to the
different fields of sciences. It can be a really
good way to motivate the students and link the
different concepts studied during the academic
course, especially for the ones who are cursing
the last year of high school and next year will
start university.

Throughout the history the concept of
eternal youth has occupied a place in the
humanity mind. We can find in the ancient
civilizations from Aztecs to Egyptians to Greeks
an amount of rituals related to the eternal
youth, like the eternal youth fountain. It also
appears several times in literature: the
philosopher’s stone, The garden of Eden, the
Holy Grail, Dracula or The picture of Dorian
Gray are clear examples of it. Then, is it
possible to become immortal, in terms of
science? Let’s start from the beginning.

2. What is aging form the biological
point of view?

We define aging like the combination of
morphological and physiological modifications
that manifest at the last period of life because
of the course of time and are the cause of
several functional errors. Most of the organs

and systems of the organism develop some
loss of function which increases the risk of
developing diseases. The research in these
area of science has the purpose of bringing
tools in order to cope degenerative diseases
like Alzheimer, arthrosis and cardiovascular
illnesses, and therefore, improve the quality of
life and increase the life expectancy.

2.1. Why do we age?

Nowadays is it known the loss of function
related to aging is due a progressive loss of the
repair and cellular renovation abilities. The
organism cannot give an adequate response to
damages and external stimuli.

Consequently, at the initial stages of life an
organism has an equilibrium between
degradation and reparation of the tissues that
decreases with age. At the end of life, we have
an organism with cells that have lost the

regeneration capacity and moreover
accumulate damage in DNA and toxic
substances.

3. Live expectancy and longevity

If we want to study the aging process is
important to know the differences between
these two concepts: The longevity is something
intrinsic of each specie and it is the maxim
amount of time an individual may come to live if
it lives in the best conditions. The longevity of a
human being is 120 years. On the other hand,
the life expectancy is the average time that an
individual is expected to live according the
region and population in which is living. The live
expectancy of the first world is different of the
live expectancy of the third word. The life
expectancy in Spain is about 84 years. The
most long-lived person in the world has been
the Frenchwoman Jeanne Calment, who lived
122 years.

4. The second law of thermodynamics

The second law of thermodynamics states
that all the molecules of the universe tend to
the disorder, that is to say, the universe tends
to an increase of entropy. Even so, life seems
to challenge this concept: a living being is a set
of molecules perfectly ordinates and linked,
where each one knows the function that must
develop.
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A living being is an open system which
exchanges matter and energy with its
environment. The fact that it is never in
equilibrium with the environment allows us to
explain how they can create order at the same
time that operate inside the second law of
thermodynamics.

The secret of the living beings is that its
metabolism consists in a chain of coupled
reactions: this concept enables to carry out
endergonic reactions with a Gibbs free energy
positive, using the energy provided by the
spontaneous reactions (with a negative Gibbs
energy). The final balance always results with
an exergonic and spontaneous global reaction.

5. Factors that influence the process of
aging and health

A curious fact about aging is that it is a
character which is not selected by the process
of evolution. This is because the reproduction
takes place before the start of the aging
process. Therefore, the aging process do not
influence the tax of reproduction and so is not
selected neither favourably nor negatively.

5.1. The telomers

Everyone knows the famous letters ATCG
which contain all the necessary information so
that an organism develop itself and reproduce.
In the case of humans (and eukaryote
organisms) what we call the genetic information
(3.200 million pb) is organized and packed in
chromosomes. A characteristic of these
structures is that in the end of each one, we
find a sequence repeated in tandem without
information coded in them and each time the
cells divide these sequences shorten.

These sequences are the telomers and its
function is to prevent the chromosomes to loss
essential genetic information:

During the process of replication, the lagging
strand requires the addition of primers for the
okazaky fragments to be synthetized. The
problem here is that when the last fragment is
replicated, in the end 5 there is no more DNA
left to copy and the region which is placed the
last primer used is impossible to copy. This is
the reason why the telomers keep shorten each
time a replication is done.

In fact, each cell has a limit of divisions from
which the cells turn in senescence. This limit is
known as the Hayflick limit. This theory
exposes the cells would have a kind of
molecular clock that indicates the moment they
have to die.

Nevertheless, there are some cells which do

not have a limit of divisions because its
telomers never shorten, they have a
mechanism that prolongs them. This

mechanism is an enzyme called telomerase.
Telomerase is a reverse transcriptase made up
by protein and RNA. This RNA has a copy (a
complementary sequence) of the telomer and is
used to prolong it. In natural conditions, the
living beings have the telomerase with little
activity and paradoxally if we try to activate it
we would develop cancer cells: cells which do
not stop dividing and keep accumulating
damage.

5.2. Cell damage

The principal cause of cell damage is ROS
(reactive oxygen species) molecules. If they are
produced in excessive way they cause
oxidative stress. Free radicals can come from
endogenous or exogenous sources.

In the case of endogenous sources, we talk
about metabolism. Metabolism generates ROS
as a subproduct in a natural way. ROS most
predominant molecules are superoxide,
hydrogen peroxide and hydroxy group. The
organism has enzymes that interact with this
kind of molecules and neutralize them. These
enzymes are catalase, superoxide dismutase
and peroxidase.

Which takes place during aging process is
that this capacity of neutralization of these
subproducts became each time less effective
over the years. For this reason, the organism
has less capacity to handle the cellular
damage.

5.2.1. Why the oxygen is so reactive?

Oxygen is one of the elements more
electronegative of the periodic table, so it has a
huge tendency to react with other molecules, to
take their electrons and reduce himself. ROS
molecules are already chemically unstable
because they have a lack of electrons. ROS
react easily with other molecules and in
consequence generate more ROS molecules. It

152



Hands-on Science. Advancing Science. Improving Education

© 2018 HSci. ISBN 978-84-8158-779-1

triggers a chain of oxidations and reductions
that leads to what we call oxidative stress.

6. Environmental influences

It has been shown the interaction which
certain compounds increases the production of
free radicals. These compounds are tobacco,
alcohol, insecticides, hard  detergents,
environmental pollution, stress, processed
meat and refined oils.

However, we can de something to low the
free radicals in our organism and take care of
our telomers: is absolutely recommended the
consumption of food rich in Omega 3, blue fish,
dry fruit and vegetables rich in antioxidant,
green tea and coffee. It is also important to
have an active life and practicing sport, and
also to sleep well.
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Abstract. What is a cell and a protein? A cell
is the simplest unit that forms our body, and our
body is composed of millions and millions of
cells. If we imagine a cell as a city, we can
imagine proteins as being the citizens that live
in such city. Proteins are made of amino acids
and they are much like us, they are born as
small peptides or small chains of amino acids,
they grow up, they study to get a job, they can
feel stressed and sick, they can socialize and
make a lot of friends, and most importantly,
they allow the correct function of the cell. In this
paper, we will use the citizen-protein analogy to
learn more about proteins.

Keywords. Cell, growth, organelle, protein.
1. The birth and growth of proteins

Our cells have different compartments
known as organelles, just as cities have
different areas and buildings. It all starts in the
hospital, the nucleus of the cell: the DNA is
transcribed to mMRNA[1]. Soon after, the mRNA
exits the nucleus and reaches the cytosol,
because proteins cannot be synthesized in the
nucleus. The cytosol can be seen as the
streets, the parks, the neighbourhoods, a place
where everyone can be. Once in the cytosol,
the mRNA is recognized by ribosomes that
start linking amino acids one by one forming a
short peptide that will elongate to eventually
become a protein. This process is called
translation. Ribosomes are like our parents,
they make sure that the peptide grows up into a
protein. Peptides can become proteins in two
different compartments: the cytosol or the
rough endoplasmic reticulum.

1.1. Growing in the cytosol and looking for a
job

In our cells, peptides that grow up in the
cytosol can find a job mainly in 3 different
places: mitochondria, nucleus or they can
remain in the cytosol. When peptides become
proteins, they are still not mature and cannot
perform their jobs, they need to be folded into
their native structure, similar to us when we

want a job, first we need to be educated and
trained. These immature proteins are called
preproteins or precursors, and they have a
head called N-terminus and feet called C-
terminus. The folding of preproteins can occur
in the cytosol or when they reach their
particular place. Preproteins that do not want to
remain in the cytosol need an identification card
that allow them to move to their respective
working places (this movement is called
translocation), whereas the proteins that will
remain in the cytosol do not need any ID card.
This ID is known as signal sequence, and it
consists of a short amino acid sequence that
vary depending on the destination of the
protein. Once they reach their destination, most
proteins cannot return to the cytosol. But how
do proteins acquire the ID cards? They obtain
their ID cards when they are growing up, these
cards are intrinsically in their structure.

1.1.1. Mitochondria

Mitochondria are in charge of providing
energy to the cell, we can imagine them as the
electricity distribution companies that provide
energy to cities. A mitochondrion has its very
own compartments, from out- to inside they
are: the outer mitochondrial membrane (OMM)
which is in contact with the cytosol, the
intermembrane space (IMS), the inner
mitochondrial membrane (IMM) and the
mitochondrial matrix (MM). These different
compartments are like the different floors in an
electricity distribution company, the OMM being
the ground floor and the MM being the last
floor. Precursors commute to the mitochondrion
unfolded and acquire their native structure once
they arrive at the organelle. During the
commute, preproteins are nervous and are
accompanied by assistants called chaperones
that help them keep calm. Depending on the
compartment they want to go, proteins will
need different ID cards: for instance, if they
want to go to the MM, they will need the matrix
targeting signal (MTS) that is found in the N-
terminus of the preprotein [2] (if the N-terminus
is the head of the protein, the MTS is a hat) and
cross the OMM and the IMM. There are
security guards in each compartment, but
preproteins can bypass them by showing them
the MTS. Once preproteins reach the MM, their
MTS is removed, they lose the ID card, but they
will remain there forever. In the MM,
preproteins are still not prepared to work and
therefore feel a bit stressed, so there are other
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chaperones (we will call them instructors this
time) that will help them fold into their native
structure so that they are prepared to work.

1.1.2. Nucleus

The cell nucleus, as mentioned above, is the
hospital of the cell, but a very special one, one
that is only in charge of giving birth to mRNAs
that will be used for protein synthesis. The
nucleus also has different compartments, from
out- to inside: the inner nuclear membrane
(INM), the outer nuclear membrane (ONM) and
the nucleoplasm (NP). The INM and the ONM
form the nuclear envelope (NE). The NE serves
as the entrance to the nucleus, and the NP is
like the ground of the nucleus. Not everyone
can go inside the nucleus, there is a security
guard called nuclear pore complex (NPC) who
will only let pass preproteins that have the right
ID card. Preproteins that want to go to work in
the nucleus are already folded, they receive
their education and training in the cytosol by
instructor chaperones. Proteins that commute
to the nucleus have one compulsory ID card
and may have a second optional ID card. The
mandatory ID card is the nuclear localization
signal[3] (NLS), which allows the entrance of
proteins through the NPC. The optional ID card
is the nuclear export signal [3] (NES), which
allows the exit of proteins that were in the
nucleus. Proteins with both ID cards have
permission to work both in the nucleus and in
the cytosol. The main duty of the proteins that
work in the nucleus is to ensure the integrity of
the DNA and its correct replication and
transcription.

1.2. Growing in the rough endoplasmic
reticulum and looking for a job

The rough endoplasmic reticulum is an
organelle that is devoted to raising peptides
that once they reach full maturity, will mostly
leave the cell to work abroad. Peptides that
grow in the rough endoplasmic reticulum (RER)
also have an ID card, the RER signal sequence
[4]. Peptides grow as they enter the RER, and
once inside the RER they are folded with the
help of chaperones. Unlike the other cases,
folded proteins in the RER are still not mature
and undergo what is called post-translational
modifications, which consists of the addition of
small molecules like sugars to the protein. We
can imagine this process as going to the
university: the RER is the university, proteins

are the students and post-translational
modifications are the knowledge proteins
acquire. During this process, proteins can feel
stressed much like students in real life, and
even get sick but there are mechanisms to help
them relax and to cure them which will be
discussed later. Once proteins have obtained
their bachelor's and master’s degree, they need
to study more, a PhD. To become PhD
students, post-graduate proteins have to move
to the Golgi Apparatus (GA), through a means
of transport called vesicle trafficking. Basically,
proteins take a bus (the vesicle) that drives to
the GA. The GA is an organelle formed by
several compartments named cisternae, they
are structured one after another. Once in the
GA, proteins travel through the different
cisternae (first year, second year and third year
of PhD). In the last cisterna, proteins decide
where they would like to work: lysosome,
plasma membrane or leave the cell. The
lysosome is a compartment in charge of the
degradation of old proteins and proteins that do
not work properly, the cell membrane is the
boundary of the cell and serves as a protection
barrier. Proteins that decide to leave the cell
can travel to other cells and work in new cities.

2. Getting sick and healed

Proteins can feel stressed during their
education, training and in the work and
consequently get sick. How do proteins get
sick? Proteins get sick because of the presence
of damaging factors. An example of these
damaging factors is the reactive oxygen
species (ROS) which are produced by the cell
activity itself [5]. ROS are like air and water
pollution caused by human activity in the city
that is harmful for us. Another example of these
factors is studying (post-translational
modifications), as shown previously in section
1.2.

When proteins get sick, there is a slight
change in their structure, a misfolding. We have
seen in section 1.1. that when peptides grow
into preproteins, there are chaperones that help
them fold into their native structure, we called
them instructor chaperones. In addition, there
are chaperones who play the role of medical
doctors that can cure sick proteins. These
doctor chaperones can be found in the different
compartments of the cell and can recognize the
structural change in ill proteins (yes, they can
also be found in the RER, the university). Sick
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proteins that are successfully cured refold into
their native structure. However, if doctor
chaperones cannot manage to cure them, they
will eventually be sent to the proteasome. The
proteasome is the graveyard of the cell, where
sick and old proteins are degraded into amino
acids that are recycled for new protein
synthesis. This quality control of proteins is of
great importance as the accumulation of
misfolded proteins leads to protein aggregation,
a common cause of human disease such as
Alzheimer disease.

3. Making friends

Proteins also like socializing and they can
do it by direct physical interaction. Proteins
have interaction domains, which are specific
amino acid sequences that allow them to
interact. Protein-protein interactions are very
important for the correct function of the cell. A
very clear example of interaction is between
misfolded proteins and doctor chaperones.

In the OMM there are two proteins called
mitofusin 1 (MFN1) and mitofusin 2 (MFN2).
These proteins can interact homotypically
(MFN1-MFN1 and MFN2-MFN2) or
heterotypically [6] (MFN1-MFN2). When cells
are in a situation of high energy demands, two
mitochondria can interact through the
interaction of these two proteins and fuse into a
larger mitochondrion to generate more energy,
just like if two electricity distribution companies
were working together.
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Abstract. In recent years, important reforms
have taken place in the European Higher
Education System, as a result of the Bologna
Process. Educational institutions face new
challenges to enhance young people scientific
literacy and their preparedness to accompany
the rapid technological and social changes of
today’s world. One of the factors that influence
the scientific literacy and the successful
learning of students is motivation. This work
meant to investigate the motivation for learning
chemistry of university students enrolled in
science degrees. More specifically, the study
meant to investigate the eventual differences in
the motivation between students from degrees
that are closely related to chemistry
(Biochemistry, Biotechnology) and students
enrolled in degrees more faintly related with
chemistry (Biomedic Eng., Marine Sciences).
The results showed that the students were
motivated for learning Chemistry, regardless
the course that are enrolled in and the affinity
with chemistry of their curricula. Although sharp
distinctions among the different degrees where
not observed, the results suggest that the
relevance of the subject to the student’s
curriculum has a positive correlation to the
respective motivation for learning chemistry.
Further research is needed to better
characterize the motivation of students and
devise efficient strategies for students with
different backgrounds and academic contexts.

Keywords. AMS, chemistry, learning,
motivation, university students.

1. Introduction

The EU Research and Innovation
programme Horizon 2020 is aimed at

developing Europe’s intellectual capital through
the generation of key skills and innovation to
allow Europe to maintain or increase a global
competitiveness. The need to enhance
student’s scientific literacy is well established
not only in Europe [1-2] but also in the rest of
the world. It has been recognized that the
number of college graduates in science,

technology, engineering and mathematics
(STEM) should increase in the next decade [1-
2]. Students need to be equipped “with highly
codified, routine skills to empower them to
confront and overcome complex, non-routine
cognitive challenges” [2].

In the initial academic year of undergraduate
curricula in STEM degrees, students have often
modules in a broad range of foundational
science disciplines so as to offer them the basic
science knowledge in relevant science fields.
However, students do not often see the
necessity or the relevance of the other
disciplines beyond their chosen core subject of
study. As a consequence, they do not feel
motivated to learn those basic science courses
and they often disengage from learning and
eventually drop out [3]. Henceforth it is
important to characterize the motivation of
students particularly when non-core courses of
the curriculum are at stake.

1.1. Motivation

Motivation has been identified as one of the
factors that influence the scientific literacy [4]
and has been related to the successful learning
of students [5-11]. Therefore, the effect of
student motivation has been studied widely in
academic research [6-15].

Most theories treat motivation as one-
dimensional construct that varies in amount,
but self determination theory (SDT) regards
motivation as a multidimensional concept that
varies not only in amount but also in type [15].
SDT makes a basic distinction between intrinsic
motivation (IM), extrinsic motivation and
amotivation, placed in a continuum [15].
Intrinsic motivation has been linked to positive
consequences to STEM college students [14].
Students who have intrinsic motivation tend to
learn because of their inner curiosity and are
more active in learning [15] and usually learn
better [14]. Intrinsic motivation refers to the fact
of doing an activity for itself and for the
pleasure and satisfaction derived from
participation. It can be further divided in three
classes [17]: IM to know, that relates to
constructs such as exploration, curiosity,
learning goals, intrinsic intellectuality; IM to
accomplish may be defined as the engagement
in an activity for the pleasure and satisfaction of
accomplishing something; IM to experience
relates to the stimulation sensation derived
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from one’s engagement in the activity.
1.2. Measuring Motivation

The motivation continuum means that
students can have different types and degrees
of motivation. The characterization of students’
motivation may be useful to devise better
learning contexts and strategies. Although the
results of motivation tests may vary across
student level, subject matter and social context,
even when the same tool is used to evaluate
motivation [16] a significant number of studies
found a positive correlation between motivation
and results of knowledge tests [10,18-19].

In the present case, motivation towards
learning chemistry was the focus of interest. A
few tools are currently available to measure
student motivation that have scales adapted for
college chemistry:

e Motivated Strategies and Learning
Questionnaire (MSLQ), - a 81-item, self-
report Likert-type questionnaire [20].
This instrument was used by Bauer and
colleagues [21] in an entry-level general
Chemistry course, and the researchers
concluded that this could be used to
identify at-risk students.

e Science Motivation Questionnaire (SMQ,
SMQll), - a 25-item Lickert-type
questionnaire that was administrated to
science and non-science majors to
measure motivation toward science [22]
and was modified to survey Organic
Chemistry students [23].

e Academic Motivation Scale (AMS) — a
28-item questionnaire that has subscales
to measure amotivation, three types of
extrinsic motivation and three types of
intrinsic motivation [18]. This
questionnaire was adapted to Chemistry
motivation and used in college chemistry
courses [24-25].

The SMQ motivational components for
science learning included intrinsically
motivated, extrinsically motivated, personal
relevance, self-determination (responsibility),
self-efficacy (confidence) and anxiety [23] but
lacks items measuring amotivation. Yet,
amotivation seems relevant to college
chemistry courses, which often feature quite

high withdrawal rates, signaling that a student
has decided that there is little hope for
achieving a passing grade [14].

The Academic Motivation Scale (AMS) has
subscales to measure three different types of
intrinsic motivation, three different types of
extrinsic motivation, and one subscale to
measure amotivation [17], as displayed in
Figure 1. Because integrated regulation and
identified regulation are both classified as
autonomous within the extrinsic motivation
portion of the continuum [15], the authors of the
AMS chose to keep only the identified
regulation items. Intrinsic motivation was
classified into three subcategories: fo know - to
engage in the activities that produce learning
out of pleasure and satisfaction gained from
seeking an understanding of something
previously unknown; to accomplish - the choice
to engage in behavior that will lead to learning
because students enjoy the process of
achieving, in and for itself; to experience - to
choose doing the specific activities necessary
to learn in order to experience stimulating
sensations.

TYPES OF MOTIVATION

1
Amotivation} Extrinsic motivation Intrinsic motivation
1

External : Introjected Eldentified
regulation Regulation Regulation

To Know
To Accomplish
To Experience

Amotivation

= o e |

T
seven subscales of motivation

Figure 1. Academic motivation scale (adapted
from [17])

The AMS aims to enable researchers to
measure different types and degrees of
motivation in detail. It was considered well
aligned with a continuum based scale for SDT,
has good psychometric evidence, and was
adapted to measure discipline-specific
motivation in several fields [24-25]. Particularly
relevant was the work by Liu et al., that
adapted and validated AMS in General
Chemistry [24] and Organic Chemistry students
(AMS-Chemistry) [25]. This questionnaire
retained the 28 items from the original, but
replaced “college” by “chemistry” and reworded
some items when needed for the sake of
clarity. As mentioned before, it has seven
subscales and four items per subscale, and
uses a 5-point Lickert scale. This instrument
has been validated by interviewing the students
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about past experience in chemistry courses,
reasons for enrolling the course and
perceptions of the importance of chemistry in
their future goals. Each of the four items per
subscale should measure similar aspects of
student motivation and elicit similar responses
[24].

1.3. Scope of this Study

This work presents an exploratory study
aiming at investigating the role of motivation for
learning Chemistry in first-year university
students. No such study has been carried out in
Chemistry courses within the Portuguese
universities. The results may help to bring a
better understanding of the role of motivation in
the learning processes. The purpose of the
study is finding out if, which and why students
lack motivation for learning chemistry. In
particular it aims at comparing motivation of
students from different chemistry backgrounds,
that is, in degrees with high or low affinity with
chemistry.

2. Methods
2.1. Instrument and achievements

No previous studies on motivation for
learning chemistry were carried out in the
Portuguese universities, so there was no
instrument available for measuring motivation
of Portuguese students. A tool had to be made
from scratch or by translating an existing one.
From the three questionnaires that have scales
adapted for college chemistry (section 1.2)
AMS-Chemistry was chosen since it measures
different types and degrees of motivation in
detail, as mentioned before. The 28-item AMS-
Chemistry questionnaire was translated to
Portuguese and an informal evaluation was
made by a few non-participating students to
adjust and improve wording.

The questionnaire was administered in
regular classrooms (TP), and a period of 15-20
minutes was allowed to complete it. The
students were informed orally that they were
participating in a survey about the interest of
studying chemistry in their curricula and that
their participation was voluntary. It was pointed
out that: it was not an achievement test; they
would not get any marks and that their answers
would be handled anonymously. Finally, the
importance of being sincere was underlined.

2.2. Participants

Participants in this study were 1% year
students from an university in Northern
Portugal enrolled in mandatory courses of the
respective curricula: i) an Introductory Physical
Chemistry course (55) ii) a General Chemistry
Lab course (56). The students attending the
Physical Chemistry course belong to the
heavily Chemistry-related (HCR) degrees,
Biochemistry and Biotechnology, and to the
lightly Chemistry-related (LCR) Biomedical
Engineering degree. The students from the
General Chemistry Lab course pertained to
Biochemistry (HCR) and Marine Sciences
(LCR).

3. Results and Discussion
3.1. AMS-Chemistry(Pt)

As mentioned above, the questionnaire used
in this study was translated from the original
AMS-Chemistry. Data analysis of AMS-
Chemistry(Pt) was performed using IBM-SPSS,
version 21.

Table 1. Internal consistency of AMS-Chemistry
and AMS-Chemistry(Pt)

Chronbach’s alpha
This study Ref.[24]
n=110 n=208
Amotivation 0.87 0.74
External regulation 0.77 0.88
Introjected regulation 0.83 0.90
Identified regulation 0.71 0.79
To experience 0.65 0.88
To accomplish 0.78 0.91
To know 0.84 0.86

The internal structure validity was assumed
also for the Portuguese version; confirmatory
validity tests would not be valid since the
number of respondents per item was not big
enough. Nevertheless, the level of internal
consistencies of the seven subscales was
evaluated by computing the Crohnbach’s alpha
coefficients. Those are a measure of how
closely related a set of items are as a group
and are considered to be a measure of a scale
reliability. The results are presented in Table 1
as well as values from the use of the original
English version AMS-Chemistry [24], for the
sake of comparison. The coefficients obtained
in this work for each of the 4-item groups of
questions are between 0.7 and 0.9 and just
slightly smaller than the ones from AMS-
Chemistry. This corroborates an acceptable
consistency of the items within each group. So
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motivation can be adequately characterized by
the means of each subscale of the
questionnaire.

3.2. Motivation characterization

The response scales of the questionnaire
ranged from 1 (“not at all’) to 5 (“exactly”); a
higher score in amotivation means that
students lack any intention and motivation; a
higher score on every other item means the
students have motivation for learning
chemistry. The respective motivation type may
vary from the more controlled and less
autonomous type (external regulation) to the
high-quality autonomous motivation (o know)
[17]. No significant differences were found
between the participants of the two courses, so
data from General Chemistry and Physical
Chemistry was handled together.

The means of the seven motivation
subscales of the questionnaire, along with the
respective standard deviation are presented in
Table 2. Subscales were approximately
normally distributed, with skewness and
kurtosis generally within +1. As data shows, the
score on amotivation is the lowest and, since it
is below 2, it indicates that the students do not
lack motivation. As for the type of motivation,
the scores on intrinsic and extrinsic motivation
were not much different although slightly higher
for the latter. The means on extrinsic motivation
subscales, i.e. relatively controlled types of
motivation varied from 3.29 (introjected
regulation) to 4.05 (identified regulation). The
scores for the autonomous intrinsic motivation
subscales ranged from 3.62 (fo experience) to
3.99 (to know).

Table 2. Mean and standard deviation (SD) of the
seven factors of AMS-Chemistry(Pt)

This study Ref.[24]

n=110 n=208
Amotivation 1.68 (0.66) 1.64 (0.74)
External regulation 3.54 (0.73) 3.81 (0.94)
Introjected regulation 3.29 (0.86) 3.39 (1.07)
Identified regulation 4.05 (0.58) 3.94 (0.82)
To experience 3.62 (0.62) 2.45 (1.00)
To accomplish 3.80 (0.57) 2.95 (1.04)
To know 3.99 (0.54) 3.00 (0.95)

These results indicate that the motivation of
the students to learn chemistry has comparable
grades of autonomous and controlled
motivation. That is, in a learning situation, the
students pursue performance related goals to
demonstrate competence relative to others

(external regulation) but they also have a
purpose to develop competence by acquiring
new knowledge and skills (to experience, to
accomplish, to know). Autonomous motivational
types are associated with cognitive, affective,
and behavioral outcomes, which are all
considered to be positive for both individuals
and society [15,17]. The highest score
observed for identified regulation means that
the students have a relatively strong desire to
perform activities in order to gain a sense of
importance and personal value [15,17]. This
feature was also observed in other studies
using AMS-Chemistry [24-25].

As mentioned before, high scores of
autonomous types of motivation were shown to
correlate significantly and positively with the
satisfaction of basic needs, experiences with
meaning in education, and confidence. No
direct and individual information on the
previous academic background of the students
was gathered, but indirect information could be
inferred from the participants's high school
academic scores that were needed for
admission that were needed for admission to
the chosen degree at the University. Using that
general information, it could be questioned if
students enrolled in EBM, Biochemistry and
Biotechnology degrees (with high admission
grading marks) would have more automous
types of motivation than CM students whose
admission required lower grading marks.
However, no significant differences were
observed in the motivational scores of students
from CM degree and the other degrees. This
finding does not mean that there is no such
influence, but that the gathered data was not
sufficient to eventually reveal the effect.

The goal of the study is to investigate
motivation for learning chemistry, hence prior
academic achievements in this discipline, and
not global academic achievements are to be
considered. Another important indicator of
success in education is the development of
interest in a topic or discipline. The courses in
the first year of the degrees considered in this
study are both mandatory. The enrolment in
these courses does not mean that the students
are interested in chemistry nor that they are
motivated for learning the subject. Nonetheless,
it may be assumed that the interest in
Chemistry is related to the degree that students
have chosen for their career.
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To apply for a degree in Biochemistry or in
Biotechnology, the students must have studied
Chemistry at secondary school, contrariwise to
an application in Biomedical Engineering or
Marine Sciences Chemistry that do not have
this pre-requisite. On top of it, the first have a
core of Chemistry courses in the curricula
whereas Chemistry is a lateral subject in
Biomedical Engineering or in Marine Sciences.
The motivation structure of the students from
Biochemistry  or  Biotechnology, heavily
Chemistry-related degrees (HCR), could then
be different from the motivation of the students
in Biomedical Engineering ou Marine Sciences,
lightly Chemistry-related (LCR). The effect of
the type of degree is presented in Table 3.

Table 3. Motivation scores of of AMS-
Chemistry(Pt) from students of heavily
chemistry-related (HCR) and lightly chemistry-
related (LCR) degrees

Mean and standard deviation

HCR LCR

n=60 n=50
Amotivation 1.53 (0.63) 1.86 (0.65)
External regulation 3.68 (0.71) 3.37 (0.72)
Introjected regulation 3.36 (0.86) 3.21 (0.86)
Identified regulation 4.26 (0.50) 3.80 (0.57)
To experience 3.79 (0.58) 3.42 (0.61)
To accomplish 3.94 (0.46) 3.64 (0.64)
To know 4.10 (0. 94) 3.86 (0.57)

The motivational scores of the students from
HCR degrees seem consistently higher than
the corresponding values of students from LCR
degrees — apart from amotivation that is
agreeably lower. In fact, when analyzing the 28
items of the questionnaire, many of them
displayed significant differences between the
two types of degree.

However, when the subscale groups that
characterize each type of motivation were
considered, the differences were not significant,
except for identified regulation at the 90%
confidence level. The students from the
degrees with a higher affinity with chemistry
(HCR) who are also those with presumed better
prior achievements in chemistry, scored better
than the students from degrees with less affinity
with chemistry. This type of motivation seems
to discriminate the students according to the
types of degree, that is, according to their
previous experience and their interest in
learning chemistry. The identified regulation
subscale of motivation stemmed elsewhere as
a type of motivation of no less quality than

intrinsic motivation variables [26]. And was also
found to be positively correlated with future
academic achievements in a long-term
longitudinal study [26].

4. Concluding remarks

The results suggest that the students are
motivated for learning Chemistry, regardless
the course that are enrolled in and the affinity
with chemistry of their curricula. There were not
sharp distinctions among the different degrees,
contrariwise to what could be anticipated from
the relevance of the subject to the respective
curricula. Yet, a few significant differences were
observed, which suggest that students with
better previous achievements have higher
levels of motivation for learning chemistry. That
is, students with overall better achievements
recognize more easily that a certain behavior
(e.g. studying, attending classes) is beneficial
toward their development and adopt that
behavior as their own.

The study has some limitations, and its
findings must be interpreted with caution.
Further research is needed to Dbetter
understand the role of motivation in the learning
of chemistry and therefore help devising better
learning contexts and teaching strategies.

The learning environment plays an important
role in the formation of student motivation [11],
and students exhibit different characteristics
with different types of motivation. So, it may be
useful to envisage different strategies for
students with different backgrounds and
academic contexts, so as to help them to
become motivated self-learners, which is one
important goal of introductory university science
instructors.
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