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Abstract

Within the International Year of Light -
1YL2015, the Italian National Institute for As-
trophysics research — INAF - has launched the
a “Projects of National Interest” (Progetti di
Didattica di Interesse Nazionale PDIN), sup-
ported by the Italian Ministry of Education,
Universities and Research, ‘From Astronomi-
cal Light to Public Enlightenment’ during
which an open week with tens of laboratories
about light was organised for schools. Some
of these laboratories are traditional and some
are EBL (Enquiry Based Learning) based.
Here we discuss three of them, the first two al-
ready performed while the third one still in the
planning phase.

Keywords

Astronomy, astrophysics, education, Enquiry
Based Learning, elementary particles, exo-
planets, x-rays, hands-on, black holes.

1. Introduction

As a public scientific research institute, we
wondered what role we should have in the

stefano.sandrelli@brera.inaf.it

‘transfer knowledge’ process from who has the
most accurate content (researchers) to whom
has to transmit it to students (teachers).

This is one of the reasons INAF, the Italian
National Institute for Astrophysics [1] has an
expert in outreach and education for the public
and schools in each of its facilities. These ex-
perts network with each other and collaborate
with teachers to plan and realise educational
activities.

Given the huge number of Open Educational
Resources (OERs) collected during the 15 past
years, INAF also became a partner of astro-
EDU, the IAU platform for educators to dis-
cover, review, distribute, improve, and remix
educational astronomy activities.

In 2015, an editorial board, made of INAF ed-
ucation experts and teachers, was constituted,
with the task of producing the Italian astro-
EDU [2]. Moreover, with the IYL2015, INAF
has launched a Projects of National Interest’
(PDIN), supported by the Italian Ministry of
Education, Universities and Research, ‘From
Astronomical Light to Public Enlightenment’
during which an open week with tens of labo-
ratories about light was organised for schools.
Many of these laboratories are EBL (Enquiry
Based Learning) based, and here we discuss
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three of them, the first two already performed
while the third one still in the planning phase.

The first is ‘Let’s Break the Particles’, a hands-
on activity to learn that energy can be trans-
formed into various forms. This activity has
been peer reviewed and is on astroEDU.

The second is ‘Hunt for Black Holes’, a work-
shop in which high school students act as re-
searchers learning to work on preliminary results
from an FP7 Research project EXTraS (Explor-
ing the X-ray Transient and variable Sky).

The third is ‘Starlight and Life’ for primary school
students involving the theme of life in exoplanets
related to the latest results from the INAF research
project WOW (A Way to Other Worlds).

2. Light in Astronomy

To celebrate the International Year of Light
[3], proclaimed by UNESCO in 2015, INAF
developed a pilot project within the framework
of Projects of National Interest’ (PDIN), sup-
ported by the Italian Ministry of Education,
Universities and Research, ‘From Astronomi-
cal Light to Public Enlightenment’[4]. The ed-
ucational pilot project, called “Light in Astron-
omy”, has been proposed as a new event for
the first year that will be implemented as part
of the D&D projects for the following years.

In particular, the basic aim of the activities
proposed for the quoted open week and, then,
in the following years (as the whole apparatus
will be kept and maintained) is to explain and
clarify fundamental items like e.g.: Light is not
only what we see; Light carries energy (heat)
through space; Light brings us the footprints
of the matter emitting it (in astronomy... but
not only); Different species of light are differ-
ently absorbed by matter; Light hits our eyes
but the radiation of the whole electromagnetic
spectrum interacts with our whole body; Light
opens our minds to the universe (in astronomy,
but also, and maybe even more, in any inter-

disciplinary field like e.g. technology, philoso-
phy, literature, religion, music, arts etc.).

As already noted above, the project will be
carried out taking into account three specific
constraints:

a) different levels for different age/quality tar-
get-groups;

b) different adopted locations (school, other
public sites, professional structures) depend-
ing on the specific experiment/event;

¢) wide coverage over the whole of Italy, tak-
ing advantage of the distribution of the italian
astronomical structures (Observatories, Uni-
versities, etc.).

et |

Figure 1. The project has a web site http://iyl2o15.inaf.it which will
contain a description of each single lab-experiment and each event,
including target age-group, scientific and educational rationale and
aim, needed/available instrumental material and procedures, space
and cost requirements, availability to be actuated elsewhere, etc., so
that schools and the more general public can follow their preferred
event and/or make specific requests (for schools in particular).

We also promote the collaboration with
schools, cultural institutions, foundations and
associations, and public and private adminis-
trations, which will support our programs, in
the common aim of using a professional con-
tribution to their didactic and/or outreach ac-
tivity. The list of the activities and people in-
volved in the pilot project Light in Astronomy
is long and growing, and we are planning to
transfer it to a more stable configuration, be-
yond 2015, so that the information will remain
and a new program can be offered in the sec-
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ond year of this proposal and for the following
years.

3. Activities’ description

Here we’ll describe three examples, the first is
a hands-on activity about energy, it has been
peer reviewed and is on astroEDU. The sec-
ond is a workshop about X-ray astronomical
objects in which high school students act as re-
searchers learning to work as astronomers do.

The third is a laboratory about the search of
habitable planets in the Galaxy which has to be
implemented in the next months.

As already said these three educational activi-
ties are proposed according to different level
of the Enquiry-Based Learning (EBL) method.
EBL is a powerful means for students to learn
both scientific content and scientific reasoning
together. Different educators and researchers
have described enquiry-based learning ac-
tivities in different ways (e.g., Banchi & Bell
2008, Chinn & Malhotra 2002, Hunter et al.
2010, National Research Council 2000, On-
tario Ministry of Education 2013), but most
agree that the essence of enquiry is learning
science in ways that mirror authentic scientific
research practices, or “learning science as sci-
ence is done” (Hunter et al. 2010). Scientific
practices (sometimes called core skills, or rea-
soning skills, or critical thinking) are ways of
thinking about and doing science [5].

3.1. Let’s break the particles

The activity is set to learn that gravity produce
kinetic energy [6]. Moreover, this kinetic en-
ergy can be used (if greater than the relative
binding energy) to break atoms, particles and
molecules to see “inside” and to study their
constituents.

It has been planned for students from 8 to 14,
and it is proposed in different ways according
to the different levels of knowledge.

© © |

Figure 2. The activity in astroEDU web portal

Students will use steel and glass marble on a
slider to experiment and gather data to ana-
lyse.

This activity is done in three steps.

First, students release steel marbles at different
heights of the slide. They will note that higher
is the starting point, more distant will arrive
the marbles. This will indicate that gravity pro-
duce kinetic energy.

Second, they will take the glass marbles
(usually three), bound by the Adhesive Put-
ty. This system represents a molecule or an
atomic nucleus. Starting from the bottom
of the slide they will reach the minimum
height, for which the three marbles are sep-
arated.

Third, magnets will help to drive the trajectory
of the steel marble in the case the system will
be too large (as in the case of particle accelera-
tor) [7][8].

At the end of the activity students should reach
a number of conclusions:

1) a marble put at different heights of a slider
reach different velocities and therefore energy
is transforming, starting from the gravitational
energy;

2) there is threshold energy to break a bound

11
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system (like a molecule or an atomic nucleus)
called “Binding Energy”;

3) studying the distance reached by the marble
as a function of the starting height, the concept
of friction is introduced.

Scientists use this effect to study the matter.

The material necessary for this activity are
very cheap and easy to find, at the end of the
one hour and half students should be able to
discuss and give a brief explanation to the fol-
lowing questions:

* Why do different heights give different ef-
fects?

* What happens if we use different glues to
bind the glass marbles?

* Do we need a longer slide if the glue is super
resistant?

* What happens if the collision is not head-on
but off-centre?

In essence, with a simple device (“the accel-
erator”), the student studies the effect of col-
lisions between marbles at various heights.
This allows to introduce the important theme
of various forms of energy, such as potential,
kinetic and binding energy and the possibility
of transformation from one form of energy to
another.

3.2 Hunt for Black Holes

EXTraS (Exploring the X-ray Transient and
variable Sky) [9] is an European Union’s Sev-
enth Framework Programme for research,
technological development and demonstra-
tion going to harvest the hitherto unexplored
temporal domain information buried in the
serendipitous data collected by the European
Photon Imaging Camera (EPIC) instrument
on board the European Space Agency — ESA
- satellite XMM-Newton[10], in 13 years of
observations.

Figure 3. Students at work for EXTraS project. An experimental
didactic program to be implemented in selected high schools of the
participating institutions’ countries, aimed at involving students in
research activities of the project.

Hunt for Black Holes is a Workshop where
high school students play as researchers. They
will be able to work on preliminary results
from EXTraS and will be introduced to the
scientific research and industry in the field of
Space Technology and applications.

The Workshop as a whole is a live role playing-
like activity with a strong hands-on strategy and
some more formal education. The participating
students, divided into co-operating groups, will
attend laboratories and lessons given by scientif-
ic researchers and aerospace industry representa-
tives. The groups gather information about high-
energy astrophysics, related space technologies
and data mining and analysis. As in any other live
role-playing activity, their ability to interact with
experts will be fundamental to reach their goals.
The formal goal of the students is to discover as
many black hole candidates as possible, by ex-
ploring data extracted from the EPIC database
and pre-selected by researchers. Whenever they
think they discovered a black hole candidate,
they are asked to submit it to their scientific tutor.

The Workshop lasts about 5-7 working days
(40-50 hours), according to the specific situ-
ations and the students’ curricula. This educa-
tional strategy allows the attending students to
use real scientific data and:

* to see real life applications for their studies in
the field of research;
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* to see real life applications for their studies in
the field of space industries;

* to acquire a deeper knowledge of the Uni-
verse and the space technologies ;

* to focus on the main aspects of a complex
problem;

* to develop skills in interaction, knowledge-
sharing and team-building, discussion and
problem solving.

We plan to run the workshop across a num-
ber of schools whereby the students that attend
don’t know each other. This way they also get
the opportunity to work with other students of
the same age but possibly from different social
and cultural backgrounds.

We plan also to run a further 3 day session (20
hours) after the main Workshop, in which the
students can use their data analysis experience
to make a virtual proposal for a simulated high
energy space telescope to increase the probabil-
ity to find black holes. They will be asked to take
into account the scientific rationale, the indus-
trial technologies and a virtual assigned budget.
The proposals will be discussed with a scientific
high-level committee, who will choose the mis-
sion which “will fly”. This activity goal allows
the students to discover more on the interaction
between science and technology and to under-
stand the constraints due to a limited budget.

In order to prepare the Workshops, in every par-
ticipating country we will collaborate with sci-
ence teachers and communicators to develop
hands-on modules both for teachers and students.

Namely, we will draft common Hands-on mod-
ules for students and Teacher training modules.
The modules will have a common set of topics,
but they will be tailored to the specific school
curricula in the different countries. Every edu-
cational material (modules, lessons, videos)
will be shared through a dedicated open access
web site, so that the whole experience could be
transferable to other schools.

We wish to underline that the “Black Hole
hunt” will be the goal of a more general task
of identifying the nature of sources discovered
and/or characterized by EXTraS using automat-
ed algorithms developed by researchers. This
will allow us to compare the results provided
by the students to those provided by the WP7
of this project, devoted to “classification” of the
sources. From this point of view, our education-
al activity will turn also into an experiment of
citizen science, allowing us to assess the viabil-
ity of involving non-expert (but trained) people
in a complex classification task.

This activity is developed taking into account
the Recommendation 2006/962/EC of the Eu-
ropean Parliament and of the Council of 18
December 2006 on key competences for life-
long learning of European citizens.

3.3 Starlight and Life

Starting from the question whether life is
unique in our planet or whether there are inhab-
ited worlds in the universe, many astronomy
research groups are involved in this interdis-
ciplinary field (astrophysics, biology, geology,
chemistry). The discovery of potential habit-
able planets orbiting around other stars, the
possibility of niches favourable to life in satel-
lites of the Jovian and Saturn systems and the
capacity of life to adapt to extreme conditions,
are offering new challenges. Among the key
questions of the ESA 2015-2025 cosmic vision
program there is: What are the conditions for
planet formation and the emergence of life?

Within the [YL2015 and the national INAF pro-
gram “A Way to Other Worlds” — WOW - we
proposed to primary and middle school students
a laboratory about the different kind of stars and
the resulting difference in planets’ habitat.

This first version of the laboratory, already pro-
posed within in 2015, started from analysing
the light of our star, the Sun, with the technique
of spectroscopy and included the description of
different spectra of stars using different lamps

13
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(with different chemical elements) and special
diffraction glasses. From these concepts we de-
scribed also possible different planets’ habitat.

daifrcien
gransg

T

Figure 4. Diffraction glasses. Diffraction is defined as the process by
which a beam of light waves is spread out as a result of passing through
a narrow aperture or across an edge or “grating”. As the light passes
through this grating, each beam of light is split into its individual
spectrum of colours turning white light into a full rainbow spectrum.
This is the main principle behind what gives diffraction glasses their
awesome visual sensation. White light will show the widest array of
colours, whereas looking at a blue light for example will show its com-
ponent colours [11].

Now, starting from the same scientific content,
we are planning a different and a new approach:
we want the students face directly with four dif-
ferent alien habitat and, with the Enquiry Based
Learning method, from those habitat they have to
build up a correct panorama of possible planetary
systems and living beings.

We’ll assemble an exhibit made up of a four little
black rooms, in each room a different star light will
be simulated with different lamps, and also there
will be ¢ a different diorama designed according
to that type of star (for example: a star colder than
Sun with a blue and cold light will have a diorama
with different Flora and Fauna from Earth).

Inside each room only 3 or 4 children can
stand up for a total of 10-12 students at time.
They will stay inside this room for the time
necessary to register in a block note all what
they see and think. Once out of the rooms the 4

groups have to compare their experience with
the other groups of classmates and they will
have one hour and half to collect some scien-
tific and consistent conclusion about the differ-
ent environments they have seen.

Figure 5. Extremophiles living beings, possible alien scenario. ©
Pinterest

In this way, according to the typical approach of
EBL, students are involved in developing their
own questions to investigate based on intriguing
observed phenomena, working in groups to plan
and carry out an investigation to answer their
question, and communicating their results with
classmates to give everyone a fuller understand-
ing (e.g., Institute for Inquiry at the Explorato-
rium, 2014). These activities are learner-centred,
focused on what the learners do rather than on
what the teacher does, but they are also not a free-
for-all; the teacher has specific learning goals for
students and can nudge and guide students to-
wards those as the activity progresses [12].

4, References and Notes

[1] Institutional INAF Web Site http://www.
inaf.it/en

[2] astroEDU Web site http://astroedu.iau.
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[3] UNESCO International Year of Light
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[4] INAF International Year of Light 2015



INSPIRING SCIENCE EDUCATION

[5] The Enquiry Based Learning method
astroedu.iau.org/ebl/

[6] The story of kinetic and potential energy
www.youtube.com/watch?v=7K4VONvUxRg
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[10] ESA’s X-ray space observatory XMM-
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Abstract

In recent years a new prospective in educa-
tion rises. Implementation of inquiry based
learning methods; research philosophy and
academic skills in education reveal the need
of professionalism in every day school prac-
tice. Teachers and students often are asked
to answer a scientific question, to perform an
experiment, to collect data and process them.
According to these statements, it’s out of doubt
that students must get familiar to the scientific
procedure and research steps. Setting a sci-
entific question in investigation teachers and
Students must know how to set initial questions
and how to compose primitive theories to ex-
plain possible answers. Then teachers have to
compose inspired question in order further to
provoke students’ curiosity and reveal theories’
discrepancies. Teachers, students and parents
all contribute into these changes materializing
primitive envisions. Especially, a rural school
can reform rapidly into a highly developing
school. We can mention the High School of
Pelopio, a rural school that achieved some of
its pronounced educational goals. Teachers’
and administration’s vision for a new school
began by encouraging teachers to participate
into educational meetings, conferences and
developing courses. Mainly, we noticed an in-

teresting reformation in our classrooms. Apart

from the growing interest we observed that stu-
dents and parents regarded school via a new
prospective and under different philosophy.

Keywords

CERN, IceCube, Remote Telescopes, Virtual
Visits.

1. Introduction

How can we organize and reform a rural
school? Designing a long period action plan
can help a school? How can we implement
theoretical predictions into real school envi-
ronment and evaluate our findings? This is
actually what we tried to do at General High
School of Pelopio, a rural school. It is well
known that teachers have to participate into
educational conferences and courses (Baird
and Fensham 1991). Meetings and courses are
crucial for the overall progress and develop-
ment of teachers (Shannon and Twale 1998).
New trends in education had to be spread into
a rapidly changing world (Tillema 1994).
Modern educators and teachers are express-
ing a growing demand for lifelong learning
programs (Hobson 2002). Additionally, all
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new trends must be implemented into class-
rooms and embodied in the traditional cur-
riculum (Helsby 1995). In parallel students
must accept and incubate modern pedagogi-
cal methods (Finn 1998). Working in groups,
consisting working teams, preparing projects
and presenting results are some of the new
aspects of education (Cohen 1994). On the
other hand, excellence groups (Howley 1989)
and students’ contests (Verhoeff 1997), seems
to gain an important part of nowadays edu-
cational system. Furthermore, extroversion
of knowledge gradually becomes a goal for
many schools (Holland 1987). Astronomical
and environmental events (generally science
courses), cultural performances (theater) are
of high educational content. But the question
is how we can implement all these aspects
into daily educational practice. We tried to
apply some of these educational trends into
a rural school (General High School of Pelo-
pio) and we observe some remarkable results.

2. Teachers’ constant learning

First of all, in order to face the problems
we realized that teachers had to be educated
and trained on new pedagogical and didactic
trends (Day 1999). Teachers were encour-
aged to participate to several training and
learning activities. During the first stages
of our action plan teachers were educated
mainly on new education trends, educational
scenarios, ICT implementation in class-
rooms, modern pedagogical trends and new
approaches in daily school life. It was clear-
ly understood that traditional pedagogical
methods were inefficient. On contrary when-
ever a new pedagogical method was applied
a rising interest was observed. Teachers also
appear more willing to test new approaches.
As a result of all these activities we real-
ized how important is for educators to attend
training activities and programs. New pro-
spective occurred and new methods applied
in classrooms. This was the first step of a

school that learns, evolves and develops.
Secondly, teachers and students must organ-
ize and conduct a well-defined experiment to
measure natural amounts related to the ini-
tially imposed scientific question. Students
have to record the experimentally depicted
data organize and evaluate them according
to their importance. Following, the process-
ing procedure is one of the most important
steps in inquiry based learning procedure
that thoroughly simulates the research pro-
cedure. Plotting graphs, calculating inclines,
relating natural and scientific amounts are
critical steps towards extracting scientific
conclusions and results. Finally, students
under teachers’ supervision must compose
and present an integrated research paper,
with preliminary knowledge, assumptions,
experimentation, data processing, results
and conclusions based and supported on sci-
entific references, rated and approved by in-
ternational scientific community. According
to these steps, we believe that it’s very im-
portant to entangle the international research
community into this scheme. Of course stu-
dents but even more teachers in Greece are
not familiar to all these statements. So, we
strongly believe that we must embody ac-
tivities, visits and lectures from university
professors and researchers to our Second-
ary Education practice. The easiest way to
achieve these goals is to just visit a research
laboratory and meet the people working and
performing research activities. Furthermore,
invited lectures to students from academic
professors are other important parameters
of joining Secondary and Higher Education
(that mainly supports research). Thirdly,
developing some kind of collaboration be-
tween schools and universities or research
institutes, we can entangle students into re-
search activities. These kinds of collabora-
tions are recently very popular. We can men-
tion the project “Black Holes in Schools”,
where many students all over the world are
participating into a research project trying
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to spot black holes from freely distributed
night sky images taken by telescopes.

Of course, we can mention relative research
programs related to pedagogical or didactics in
Primary or Secondary Education, where new
methods, techniques and ideas proposed and
formed in Universities are applied in class-
rooms, but this is a backwards collaboration,
while we are mainly interested in schools ap-
proaching research institutes. Since 2010, we
developed several kinds of collaborations ini-
tially towards the direction of visiting research
centres and inviting lectures from professors.
Although, we recognized and recorded the
impact of these activities, we realize that we
really need to impose a research philosophy
in Secondary Education and inspire students
on inquiry based thinking in Junior and High
Schools in Greece. So we planned extended
research projects embodying virtual visit into
a holistic approach of scientific questions.

3. Implementation

Secondly, teachers were encouraged to pro-
duce educational content. Educational scenar-
ios were developed, learning materials ware
produced and working groups organized. We
introduced and encouraged a new innovative
idea of organizing student groups with spe-
cial skills and responsibilities (Johnson 1990).
For example, the Event Organizing Group,
the Promotion Group, the Media (e.g. video)
Producing Group, the Drama and Astronomi-
cal Team were some of the most active groups.
We uploaded most of the produced education-
al material and scenarios on electronic means
(e.g. our website), while the working groups
started producing projects and events. A group
of teachers was responsible for each working
group. They were setting final goals, organ-
izing their working plan, scheduling meetings
and evaluating their progress. This parameter
was also an important aspect of a constant
learning school (Schank 1994). We detected

and evaluated all steps, extracting important
conclusions of how a school can become a
working community. Additionally, the educa-
tional material and scenarios seem to encour-
age students to further search for knowledge.
As all this educational materials were avail-
able on the web, educators and teachers found
additional teaching tools. At the beginning we
organized a virtual visit to ATLAS, CERN.
This activity was embodied into an extended
educational program. Students participating in
this program attended a sequence of lectures
by their teacher about elementary particles,
modern physics and cosmology. Then students
called to present their own projects after work-
ing and collaborating in groups. The planned
virtual visit was the top event related to this
educational program. Before the virtual visit,
students applied the software HYPATIA that
simulates and resamples the real experiment at
LHC CERN. Students tried to detect the Higgs
Boson through virtual experiments conducted
on their computers. Secondly, they attended
lectures from experts, University profes-
sors and researchers about the experiments at
CERN and the importance of studying elemen-
tary particles. After these introductory stages
we connected via net with ATLAS CERN and
we performed a virtual visit to ATLAS control
room. Then students asked questions and dis-
cussed with researchers about the progress of
experiments, difficulties, expectations and sci-
entific matters. The positive impact of all these
activities was that students really act as re-
searchers operating software that simulates the
real experiment. They tried out of thousands
of recorded data to detect the desired particle,
while they exchanged opinions with other re-
searchers through virtual visit. Recording of
data continued the following days by students.
The question imposed to our students was to
find and detect the Higgs Boson. We faced the
challenge holistically while we introduced stu-
dents to theory, they asked questions, then they
presented their opinions and works, performed
an experiment, recorded data, processed the
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data and presented evidence: the detection of
Higgs Boson. Virtual visit was a necessary part
of this sequence and not the only one activity.

4. Events

Developing our Astronomy project, we real-
ized that we needed some hands on experience,
observation knowledge and support by experts.
These realizations were important on organiz-
ing the first Astronomical event in our school’s
region open to local community. The event was
a result of an excellent collaboration between
several working groups, teachers and authori-
ties. The event-organizing group supported the
whole action, the promotion group, the media
group and astronomical team also took great re-
sponsibilities. Teachers from our school partici-
pated in several parts of the event, while we had
the support of the Municipality of A. Olympia
and the 7th Ephorate of Prehistoric and Classi-
cal Ancients (EPCA) of A. Olympia. We operat-
ed remote telescopes from distance, a professor
from University of Patras gave Lecture about
the Universe and finally we observed astro-
nomical objects by telescopes. All these activi-
ties raised the interest of students and revealed
a new orientation in learning procedure for
our school. Local communities and authorities
came closer to our school and we learned how
to expand our audience (Hanifan 1916). We had
now a strong team willing to work harder for
our contest project.

From this point and on the final title of our pro-
ject was clear. We decided to work on plants at-
titude and color on another planet. The contest’s
demand was a clearly defined scientific ques-
tion, fully developed and answered through ex-
perimental and bibliographic justification. Al-
though the difficulties, we managed to win the
National part of the contest on March 2013 and
the European part of the contest on April 2013.
Of course this was the first step of a working
methodology. Although it seems that our main
goal was the win of the Contest this is not abso-

lutely accurate. We initially tried to intrigue and
provoke students to take part to all the related
activities. It was the same with the participa-
tion of an environmental Contest and also with
the drama performances of our school. Further-
more, we realized that extroversion events are
extremely important for the educational practice
(Elmore 2007). Secondly, and after the success-
ful virtual visit to CERN we inspired the use
of a remote telescope. Within the “Odysseus”
contest, that mainly based on STEM philosophy
we proposed a scientific question and we try
through inquiry based investigation to find the
answers to these questions. We then imposed
the question “What would be the colour of the
plants on another planet”. In order to trigger and
raise the interest of students we organized an as-
tronomical event structured as follow: We en-
couraged students to present their own projects.
Secondly we connected to a remote telescope
and students detected and observed astronomi-
cal objects. We used the Ido Bareket telescope
in Israel, which is a deep sky telescope so we
observed galaxies, star clusters and even galaxy
clusters. Thirdly, university professors intro-
duced students and attenders into astronomical
and cosmological subjects from the research
viewpoint. Finally, students had the unique op-
portunity to observe the night sky by real tel-
escopes that were positioned nearby. This activ-
ity really triggers the interest of students and the
final profit for our school and students, was the
first European position at the contest.

Apart from the contest procedure, we really in-
troduced a new philosophy and innovative cul-
ture in our school. These activities really act as
supplementary educational activities support-
ing the so-called Open School, as a school that
promotes and diffuses knowledge from school
to community. The ability and opportunity for
students, parents and local community to view
the night sky by deep sky telescopes is unique
and for some of them a life time experience.
According and following this activity we or-
ganized an environmental event that embodied
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lectures from university professors, volun-
teering activities from students, presentations
from market representatives and finally chemi-
cal experiments presented by students, related
to environment pollution and ecological scep-
ticism. This event, really standardizes a new
open education philosophy in our school and
diffuses knowledge to local society, imposes
and implements a new role to school.

The third major virtual visit integrates the scien-
tific sequence of approaching the fundamental
questions of our universe. First of all we ap-
proached the physics of elementary particles
through a virtual visit to CERN. Secondly, we
focused on Universe and observed deep sky
astronomical objects, imposing the major ques-
tion of how our world is been constructed and
developed. Then in our third major virtual visit
we connected to IceCube the neutrino obser-
vatory in South Pole. This observatory mainly
detects neutrinos from deep sky stars trying to
answer major questions about the development
and evolution of our world. Within the frame-
work of this virtual visit we prepared students
during project and excellence cluster lessons.
They prepared their own presentations about
modern physics and elementary particles. Stu-
dents recorded their questions about our cosmos
and universe. Then, we connected via net to the
IceCube observatory and students attended an
introduction to hot science research projects.
Then, the opportunity for questions was given
to students and they asked really triggering
questions to the scientists at South Pole. Final-
ly, we integrated our virtual visit with lectures
from experts and observations by telescopes in
order to connect micro to macro.

5. Follow up

General High School of Pelopio continued its
actions by supporting important events. Mu-
nicipality of A. Olympia asked for support-
ing events related to Summer Olympic Games
of London U.K., 2012 and Winter Olympic

Games Sotsi Russia, 2014. Furthermore, stu-
dents and teachers participated into several
educational projects related to Science, His-
tory and culture. We can refer to the interdisci-
plinary project «Mythology of the Night Sky»
where all the myths related to constellations
were inquired. A visit to Athens Planetarium
(Eugenides Foundation) in combination with
a visit to Archeological museum of Acropolis
contributed in the collection of evidence. Ac-
cording to this action we learned that an im-
portant part of education is the hands on activi-
ties (Hofstein & Lunetta 2004) and evidence
collecting visits to science institutes, history
and culture centers (Hooper-Greenhill 1999).

6. Conclusions

According to all these activities and state-
ments we can conclude into some main find-
ings. First of all it seems to be very important
to support the extroversion of schools. The so-
called open school is of great importance as
far as concerns the diffusion of knowledge to
society, families, parents, and locals, even to
local labour. Secondly, developing a network
of information and knowledge diffusion is
critical for modern schools. New technology
offers the appropriate tools in order to sup-
port these network primarily via Internet and
secondly through collaboration, mobilities and
exchange visits. Thirdly, the motivation for
students is also significant, while their partici-
pation in organizing and supporting activities
further develops their personality. Students are
not just pathetic acceptors of knowledge, but
they actively participate in all stages of learn-
ing activities. Furthermore, students are en-
couraged to form their own research, act as re-
searchers and compose a research paper. This
is another important parameter of our activi-
ties, while introduces a scientific philosophy in
our schools. Bonding schools and research in-
stitutes or universities, and entangling students
to a research and scientific learning sequence
builds an inquiry learning behaviour, further
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cultivating critical thinking. Finally, as far as
concerns the Greek Educational System, we
can hardly embody such activities to every day
teaching practice, so we have to try hard and
insist. We owe these to our children.

According to our action plan we conclude that
first of all it is of high importance schools to or-
ganize and plan their actions in long term (Snie-
hotta, Schwarzer, Scholz, & Schiiz 2005). We
realized that planning a three or four years plan
will be absolutely beneficial for achieving goals
and upgrading educational practices. This also
reveals that an essential evaluation can only be
performed after a long period (3-5 years) of ac-
tions and activities. Secondly we confirmed the
importance of lifelong training for teachers and
educators. Doubtless, participating in educa-
tional seminars, conferences and training meet-
ings allow teachers to be always informed about
new educational trends (Day 1999). Implement-
ing all these compulsory methods in classrooms
turns out to be extremely positive for students.
Furthermore, organizing extroversion events by
entrusting critical responsibilities to students
was also one of our positive remarks (Elmore
2007). We observed that all these events joined
teachers, students and local community togeth-
er. Science and culture came closer to students
and local society, while the interest of students
rose remarkable. All these events include the el-
ement of collaboration and cooperation between
several partners and promote our basic goal of
knowledge diffusion. Additionally, participa-
tion in contests is another crucial parameter
(Bishop 1991). Healthy competiveness between
students and schools can only offer benefits to
all participants. Winning a contest is not the key.
We are mainly interested in the whole progress
and steps of contest. We wish students to take
part, work, search, compose papers and sup-
port publicly their projects. Of course a won
contest satisfies students and encourage them
for new tries. Another remarkable conclusion
is the importance of educational scenarios, ma-
terial and content (Jacobson 2006). All these

produced objects are really useful for planning
and orienting bigger action plans. Furthermore
if all these educational objects are uploaded in
websites, everyone can easily access and use
them. Finally, we can claim that each step was
an evaluated progress of a previous one, helping
us to achieve goals and milestones. This is how
a school learns by itself and by others.
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Abstract

Natural science problem based learning is one
of the central teaching and learning methods
and fixed in national science education stand-
ards of most countries. ISE as a project for im-
plementing inquiry learning by using learning
technologies on a large scale adapted research
results and motivates teachers by giving them
a hint about the effectiveness of their activi-
ties on student’s problem learning skills. The
teachers recognize the strengths and weak-
nesses of single inquiry activities, and they are
motivated to organise inquiry based learning
even in there other lessons. Therefore, this ap-
proach contributes to the sustainability of the
project’s idea.

Keywords

Problem solving competences, cognitive pro-
cesses, inquiry based learning

1. Introduction

Nowadays, inquiry based learning is one of the
most applied teaching techniques in science
lessons. It is rooted in a long history of general
educational sciences and follows the inherent

Bayreuth, Germany
franz.bogner@uni-bayreuth.de

structure of knowledge acquisition in natural
sciences. Therefore, it is consequent by teachers
to choose this sequence of wondering about an
observed situation or problem, thinking about
a strategy to get more knowledge, carry out the
plan and finally draw conclusions. But there are
a couple of factors influencing the efficiency of
this approach in every day teaching. In order to
acquire problem solving competence — one of
the key skills science educators have identified
to face the challenges of the future — by an in-
quiry based learning approach it is necessary for
learners to follow the different steps and to ex-
ercise the different spatial abilities completely.
Another important factor from a practical point
of view is the necessary effort for planning
such science lessons for actual topics and to
carry them out during a conventional teaching
day, between all the other commitments, duties
and responsibilities of a teacher. These are two
factors why indeed researchers often identify
inquiry learning in classrooms, but these are
mostly only single elements of this approach: it
is hard to combine the complete problem solv-
ing approach with the teaching process without
a deeper insight in science education research
(which a lot of teachers do not have, based on
their traditional education), and to intrinsically
motivate the teacher when immediate results are
not visible (as for a competence like problem
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solving a learning progression for this psycho-
logical construct could not be expected within a
few teaching lessons).

For an audience of teachers, this paper de-
scribes the approaches used in ISE to overcome
these two, exemplarily mentioned barriers of
implementing inquiry based learning in every
day science lessons. Aiming at sustainability it
illustrates the application of research results on
the premise that teachers accept this implemen-
tation approach, not of scientific completeness.

2. Problem solving competence

The ability to solve problems of the natural
sciences is regarded as one of the key compe-
tences to succeed in future challenges. Conse-
quently, science educators is Europe empha-
size the features of problem solving processes
as main characteristics for science courses:
“What is needed are science courses that en-
gage students in high-order thinking which
includes constructing arguments, asking ques-
tions, making comparisons, establishing causal
relationships, identifying hidden assumptions,
evaluating and interpreting data, formulating
hypotheses and identifying and controlling
variables” [1]. Learning environments provid-
ing these elements allow students to built up a
problem solving competence as described e.g.
by the OECD as “(...) an individual’s capac-
ity to engage in cognitive processing to under-
stand and resolve problem situations where a
method of solution is not immediately obvi-
ous. It includes the willingness to engage with
such situations in order to achieve one’s po-
tential as a constructive and reflective citizen”
[2]. For these learning environments it could
also be distinguished between the nature of the
problem situation, the underpinning cognitive
processes of a problem solving process, and
the context that framed the problem. The ISE
project captures all these aspects. For acquir-
ing problem solving competences, the cogni-
tive processes are the most influencing factors.

These are the steps to overcome from a given
situation to a target goal (e.g. [4]). In [5] they
are exemplarily described like:

* Exploring and understanding.

This task involves exploring the problem situ-
ation (observing it, interacting with it, search-
ing for information and finding limitations or
obstacles) as well as understanding the given
information and the information discovered
while interacting with the problem situation.
However, the students should build mental
representations of each of the pieces of infor-
mation presented in the problem.

* Representing and formulating.

For building a coherent mental representation
of the problem situation, the relevant informa-
tion must be selected, mentally organized and
integrated with relevant prior knowledge. This
can be reached by representing the problem
by constructing tabular, graphical, symbolic
or verbal representations and shifting between
representations or formulating hypotheses by
identifying the relevant factors in the problem
and their interrelationships.

* Planning and executing.

The planning process of this task describes that
the students have to set themselves a goal. This
includes clarifying the overall goal and setting
sub-goals (where necessary) as well as devis-
ing a plan or strategy to reach the goal state.
After that, in the executing phase, the plan will
be carried out.

* Monitoring and reflecting.

The students should monitor the progress to-
wards reaching the goal at each stage includ-
ing checking intermediate and final results, de-
tecting unexpected events and taking remedial
action when required. Finally they also should
reflect on solutions from different perspectives
and critically evaluate assumptions and alter-
native solutions.
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These are theoretical operators that describe
accurately the aspects of the construct, but
that are not necessarily useful to be applied by
teachers. Therefore, some supporting phrases
are developed for these steps. They are only
examples to illustrate points to think about
while designing these questions:

* Exploring and understanding

Questions

... dealing with the representation of the problem

... about relevant information to understand the
problem

... dealing with different levels of understanding

* Representing and formulating

Questions

.. concerning the exploration of correlations
and dependencies

.. concerning a precise description of the fo-
cused problem

* Planning and executing

Questions

... concerning the correct strategies of experi-
mentation

... concerning strategies of variable control

... concerning strategies of data analysis

* Monitoring and reflecting

Questions:

... about application or transfer of the tasks

... about possible sources of experimental errors
... about enhancement of experimental settings

Additionally, different levels of proficiency are
distinguished in fundamental science education
research [6] and studies like PISA. In implemen-
tation projects like ISE the psychometrical scal-
ing is difficult to apply, so for the acceptance of
the approach by teachers the ISE Consortium de-
cided to have two short items (questions) for each
cognitive step of problem solving. Every step
should have only a right answer on three levels:
high proficiency, moderate proficiency and low
proficiency. To give teachers support about the
different levels of difficulty, each performance
level is described by hints to the mental structure,

the strategic problem solving behaviour, and the
reference group assessed in PISA 2012 [7]:

» Students proficient at high level can

—develop complete, coherent mental models
of different situations;

— find an answer through target exploration and
a methodical execution of multi-step plans.

To estimate the difficulty of the tasks for this
level, an average of about 10% of 15-year-old
students should be able to answer on this level.

* Students proficient at moderate level can

— control moderately complex devices, but not
always efficiently;

—handle multiple conditions or inter-related
features by controlling the variables.

To estimate the difficulty of the tasks for this
level, an average of about 45% of 15-year-old
students should be able to answer on this level.

* Students proficient at low level can

— only answer if a single, specific constrain has
to be taken into account;

—only partially describe the behaviour of a
simple, everyday topic.

To estimate the difficulty of the tasks for this
level, an average of about 45% of 15-year-old
students should be able to answer on this level.

To make a short interim summary of the theo-

retical underpinning and the assumption made

by the ISE project, the teacher (only he has the

necessary language skills to design the ques-

tions for his students) has to create for each

problem solving step two questions that fulfil

the following requirement:

» multiple-choice (single-select), and

* with three possible answers all correct:

— one answer for a low performer on problem
solving

—one answer for a moderate performer on
problem solving

— one answer for a high performer on problem
solving
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3. Ilustrating problem solving
skills as assessed in ISE

One important educational scenario provided by
the ISE project is dealing on renewable sources
of energy. For this scenario, the authors have
designed illustrative examples and published
them in the “ISE Teacher Guide” [8]:

* Exploring and understanding

Question one: Why do we need to think about

renewable energies?

high level: Because we are responsible
for our future.

moderate level: Because as responsible citi-

zens we have to be informed

and able to discuss current is-

sues.

Because it’s very present in

media.

low level:

Question two. CO, is a problem, because ...
high level: CO, is accumulating in the at-
mosphere and reflecting ther-
mal radiation from the earth so
it can’t leave the atmosphere.
This contributes to the anthro-
pogenic greenhouse effect.
moderate level: CO, is jointly responsible for
human made climate change.
CO, is harmful to the environ-
ment.

low level:

* Representing and formulating

Question one: Which domains have to be taken

into account for the change in energy supply to

be successful?

high level: Because of interdependen-

cies social, economical and

ecological aspects have to be

considered.

moderate level: It’s important that no jobs
get lost or alternative jobs or
retraining are offered to em-
ployees. Also investors have
to be recruited.

low level: People have to be well pre-
pared for the change in energy
supply. So it’s very important
to promote the change and tell
people why it is needed.

Question two: What is the best way to start

change in energy supply?

high level: Change in energy supply would
be easier and faster when less
energy has to be produced.

moderate level: It’s important to reduce energy

consumption.

It’s important to reduce energy

consumption.

low level:

* Planning and executing
Question one: Which consequences can the in-
crease of the price for electricity have?
high level: Government has to think
about how to disencumber
citizens and companies which
can’t afford higher prices.
moderate level: Energy supply is an important
economic factor. Companies
may threaten with migration to
a more cost-effective location.
People become dissatisfied
because they have to pay
more money for electricity.

low level:

Question two: What happens if a power plant

is switched off without substitution?

high level: Energy supply is an important
economic factor. Lack of reli-
able energy supply can lead to
degeneration of a highly de-
veloped country.

moderate level: Energy supply is not guaranteed.

low level: Cities getting dark.

* Monitoring and reflecting.

Question one: What advantages has the use of
a simulation against the look at a whole real
world scenario?
high level: Because of learning by trial
and error I get a deeper under-

standing of the content.
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moderate level: Because it’s not possible to
manipulate the real world
conditions in the same way as
in a simulation.

Because it’s funny to play
with the simulation I’m more
motivated to learn.

low level:

Question two: The discussion about renewable
energies and also the simulation mostly ignore
important factors. An important but ignored
factor is:
high level: Use of fossil fuels for trans-
portation and heat production
moderate level: Importance of cogeneration of
heat and electricity

low level: Use of coal for barbeque

These questions don’t fit statistical criteria nor
are they suitable for scientific research on science
education. But they indicate the weaknesses and
strengths of the ISE learning scenarios by taking
into account the main features of a problem solv-
ing construct used in PISA 2012. They enable
teachers to monitor the progress of their classes if
they follow an inquiry based learning approach.

4. Conclusions

One problem of bridging the gap between
theory and praxis in educational systems is
the transfer of empirical results and evidence
based knowledge into the classrooms. Nowa-
days, teachers have a lot of commitments aside
teaching, and a lot of roles to fulfil, beside be-
ing a “learning guide”. One benefit of projects
like ISE is that teachers can use a well-proven
pedagogical framework and technology with-
out investing too much time in constructing
the lesson plans. ISE offers hundreds of pos-
sible learning situations for a wide variety of
natural science subjects. The problem solving
questions deal as “indicators” for teachers,
motivating them to follow an inquiry approach
and to build up technology enriched learning
environments also after ISE.
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Abstract

Embodied Learning constitutes a contempo-
rary pedagogical theory of learning, which em-
phasizes the use of the body in the educational
practice. Several researches related to various
areas of expertise highlight the usefulness and
the necessity of the body itself as a learning tool.
Despite this, until recently the body was mostly
used as a means to enable students’ experiential
participation and to attract their interest. Given
the significance of Embodied Learning to new
teaching methods and approaches, this paper
presents results from a large scale implementa-
tion activity in Greece within the framework of
the “Learning Science through Theatre”, ini-
tiated by Science View during the school year
2014-2015. The Initiative is based on the peda-
gogical framework which was developed by the
European project CREAT-IT and continues to
be implemented in the framework of the Euro-
pean Project CREATIONS. This study aims at
highlighting the fact that Embodied Learning
is connected to the development of skills such
as creativity and critical thinking, to the active
engagement with scientific topics and phenom-
ena and to the interdisciplinary connection of
science with different forms of Art. The data
were collected from thirteen (13) theatrical
performances that were organized by second-

Science View, sotiriou@scienceview.gr

ary school students (500 subjects). In the Data
analysis, meaning generation, communication
and student motivation were analyzed in rela-
tion to isolated gestures, full body movements,
students’ emotional attachment, and facial ex-
pressions. As a consequence, it is suggested
that Embodied Learning may lead to scientific
learning outcomes of a higher quality while at
the same time it may reinforce student commu-
nication and motivation in scientific topics.

Keywords

Embodied Learning, Dramatization, Theatre,
Art, Creativity

1. Introduction

Embodied Learning constitutes a contempo-
rary pedagogical theory of learning, which
emphasizes the use of the body in the educa-
tional practice and the student-teacher inter-
action both inside and outside the classroom
and in digital environments as well. Using the
body is essential in concept representation and
communication while this is also confirmed
by the emphasis other fields and cognitive ob-
jects place on the body as a learning tool, such
as dance theatre, kinesiology, athletics even
Mathematics and Physics. All these cognitive
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objects have student collaboration, movement
and the process of cognitive development as a
common denominator.

Traditionally the body has not been used in
education. Every involvement of the body had
been consistently excluded from the educa-
tional practice, the process of learning and the
interaction among students. The notion of Em-
bodied Learning was not known and therefore
not acceptable by the educational community
such as the teachers and the students. Conse-
quently it was difficult to understand that the
body does not solely constitute a means of
knowledge, or a mediator, but it also reflects
the student’s interaction with the environment.

Embodied Learning is closely related to con-
structivist models and to modern educational
theories regarding the role of the teacher, of
the student and of learning itself in the educa-
tional practice. Embodied Education has been
defined as the basic concept which includes
Embodied Teaching and Embodied Learning
[7]. In fact, the terms Embodied Learning and
Embodied Teaching are used alternately to re-
fer to new scientific and educational practices
[13].

In accordance with the constructivist princi-
ples, the body is used both inside and outside
classroom for experiential learning and is not
treated as a place of learning. The principles of
Embodied Learning provide answers to ques-
tions related to the ways knowledge is con-
structed by students as they leave behind them
the academic model of perceiving knowledge
and treat each student as a whole, while they
view everyone’s body as a tool for knowledge
construction and as a knowledge carrier [2],
[6]. Language and full-body motion have been
studied as an integral means through which
students express thoughts and meanings when
they interact with a set of collaborative digital
games designed by the researchers [11] in cre-
ative and innovative teaching approaches [12].
This way, each student is placed in the center

of the educational process, while disinterest-
edness is transformed into active participation
and emotional neutrality into cooperation.

In Embodied Learning, new knowledge is af-
fected by the conditions it is used and by the
types of activities the student is expected to
participate in. Consequently, the following
parameters should be taken into consideration
when designing an activity:

a) cognitive involvement to the topic, cogni-
tive processes, representation of a scientific
notion

b) body movements

¢) expression of the student’s feelings

d) clarity of instructions

e) holistic design of activities

f) student cooperation

g) ability of students to apply acquired knowl-
edge to new environments

It becomes evident that Embodied Learning is
in accordance with new educational practices,
as it uses personality as a whole, and promotes
the way students learn and not the content of
learning in the learning process. However,
only few studies have been conducted to link
Embodied Learning to the dramatization of ed-
ucational theatrical scenarios and to the repre-
sentation of scientific concepts and knowledge,
with the aim of developing student creativity
and critical thinking, their active participation
to the learning process, their deep understand-
ing of scientific notions and phenomena and
the interdisciplinary connection of Sciences to
forms of Art.

2. Literature Review

i. Defining Embodied Learning

The body can be defined based on two param-
eters. There is the embodied/biological/ sen-
sual way of being, but at the same time there
is also the sociocultural and relational/interac-
tive way in which skills are developed. The no-
tion of body in Embodied Learning, does not
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merely include that body itself but it also in-
cludes the senses, the mind, and the brain, that
is the whole of the student’s personality. The
body functions as a natural source of meaning
production, since it helps students to express
themselves in a natural way. The body is de-
fined as the human corporeal experience and
the subsequent psychological consequences,
while others state that the unconscious aspects
of corporeal experience constitute the basis of
cognitive activity and linguistic expression [9].

The primary characteristics of embodied learn-

ing are the following [5]:

a. sensorimotor activity

b. relevance of gestures [8] to the theme that is
to be reproduced

¢. emotional involvement

Both the sensorimotor system and body move-
ments are involved in the process of Embod-
ied Learning and the perceived stimuli can be
transformed into a more stable memory and
cognitive representations [1]. As it has been
mentioned relevance of gestures refers to the
analog or structural correlation of symbols
and their meanings [10]. Given the aforemen-
tioned, it becomes obvious that embodied
learning involves coordinated movements ei-
ther of body parts or of the whole body in order
for a learning goal to be achieved combined
with the students’ sensorimotor activity and
their emotional involvement. The procedure
that is followed during Embodied Learning
is gradually escalating. During the first stage,
the student may not proceed to a movement
related to the representation of concepts. How-
ever, students understand that they are going
to be exposed to scientific concepts and they
are concerned about the way of representing
them. During the second stage, movements are
produced sometimes unconsciously or even as
the result of imitation while during the third
stage the students are asked to think of ways of
representing the suggested content.

During the final stage which is also the most

important one, students apply the newly ac-
quired knowledge to new environments,
through  dramatization (image/interactive
theatre) or role play, where they represent the
scientific concept not only verbally or by us-
ing body movements, but also by participating
both mentally and emotionally to the extent of
embodying this new knowledge. It becomes
evident that Embodied Learning is a proce-
dure during which the student employs mental
processes expressed through coordinated body
movements which are linked to the represent-
ed content, through his/her emotional involve-
ment and verbal communication skills.

It is worth stating that at each moment the stu-
dent acts in a coordinated way and even though
he/she is lead to random, unconscious move-
ments, they are most of the times compatible
with the content. This way the level of under-
standing and embodiment of new knowledge
to the student’s cognitive repertoire is verified.
Everything that happens at each moment is of
importance since the body is always active and
becomes the sender and receiver of messages.
The network of all momentary actions is thus
gradually constructed which leads as a whole
to Embodied Learning.

Furthermore, student-teacher cooperation ei-
ther in a school or in a digital environment
plays a pivotal role in Embodied Learning.
This way, certain characteristics of a person or
a group of people may affect the rest of the
students. By visualizing this interaction in in-
tersecting circles, students learn how their own
experiences are met and complement those of
others, even if they come from different socio-
political and cultural backgrounds etc. Coop-
eration in school environment increases the
students’ learning outcomes, offers motivation
and further enhances their social skills.

It is worth stating that student participation in
the learning procedure with the help of Embod-
ied Learning is not only limited to the student
being physically present. Students’ response
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depends on their personality, their physical
presence, their mental development, their sen-
sorimotor ability and their past experiences.

4. Research Design

i. Organization and the “Learning Science
though Theatre” action

Taking into consideration the importance of
Embodied Learning to new educational meth-
ods and approaches there has been an attempt
to link this theory to the “Learning Science
through Theatre” action 2014-2015 (LSTT- -
http://Istt2.weebly.com/). This action is based
on the pedagogical framework which has been
developed by the European CREAT-IT project
(http://creatit-project.eu/) [3], [4] and contin-
ues to be applied in the concept of the European
CREATIONS project (http://creations-project.
eu/). This initiative follows the principles of
the Science Education Declaration, of creativ-
ity, of effective and efficient research and aims
at enhancing creativity in classroom (http://
www.opendiscoveryspace.eu/community/cul-
ture-creativity-curiosity-413201).

Given the fact that Embodied Learning is con-
nected to the development of creative skills
and of skills which enhance critical thinking,
to the students’ active participation in render-
ing and deeply understanding scientific con-
cepts and phenomena and the scientific in-
terconnection of sciences to arts, the present
study aims at examining the contribution of
Embodied Learning to:

a) the representation of scientific concepts
(connecting movement to concept)

b) art (dance movements, humour in move-
ments etc.) and

¢) recording random/unconscious movements.

That is, there are 3 kinds of movements, those
which are used in approaching/representing
scientific content, those which are related to
art and the unconscious/random movements.

ii. Participants, Sampling

Data was collected from 13 theatrical per-
formances which were organized by second-
ary education students (500 subjects). High
school students (Gymnasium and Lyceum) of
Attica schools dramatized scientific concepts
and knowledge related to their course sylla-
bus, through a non-restrictive scenario entitled
“Parallel Worlds” which related to the scientif-
ic fields of Biology, Astronomy, and Physics.

iii. Methodology, Tools

The methodological tool of content analysis
was used to analyze the data collected from the
observation of the dramatized scenarios and to
connect them to the characteristics of Embod-
ied Learning. Based on the theoretical frame-
work presented earlier there has been devel-
oped a system of categorizing the ways which
students through Embodied Learning: a) rep-
resent scientific content/generate meaning, b)
communicate with one another, ¢) entertain the
audience while they dramatize scientific sce-
narios which take into account both the teach-
ing of sciences and theatre techniques.

5. Results

In order to attempt and combine Embodied
Learning to theatrical performances of the
schools which participated in the “Learning
Science though Theatre” project, we watched
and observed the performances (fig.1).

Fig. 1 Awards to schools in the “Learning Science though Theatre”
initiative

As can be seen from the fig. 2 regarding to the
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category “Representation of scientific context/
meaning generation” Embodied Learning can
contribute a lot both to the understanding and to
the application of knowledge. As far as the un-
derstanding of knowledge is concerned, students
seem to be able to understand the key features
of each notion, using scientific terminology and
simple vocabulary at the same time, to reliably
describe notions and to use their past experience
so as to describe scientific knowledge. For in-
stance, in a theatrical scenario students sat next to
each other and another student revolved around
them in order to represent the movements of at-
oms, electrons, protons, neutrons, etc. Further-
more, one student who impersonated Aristarchus
explained his theory showing the Sun and the
Moon at the same time, or in another theatrical
scenario another student impersonated a shoot-
ing star and used her whole body when other
students pulled her from the scene so as to repre-
sent the fall of the star. Regarding the application
of knowledge, students were several times able
to link scientific notions to everyday life and to
reach conclusions, such as a student who imper-
sonated Fred Hoyle and popped a balloon with a
needle to represent the Bing Bang.

Meaning Generation

Fig. 2 Embodied Learning and Meaning Generation

It is really important to mention that whole
body movements and emotional involvement
reinforce the representation of scientific con-
tent/ meaning generation in relation to single
gestures or facial expressions (fig. 2).

As far as “Communication” is concerned, Em-
bodied Learning facilitated communication

among students (fig. 3). For instance, regard-
ing the successful rendering of meaning is con-
cerned a scientist explains the rising temperature
because of the Big Bang and his assistant shows
the red table where the rise is described while at
the same time she moves according to the music.
Successful rendering of meaning is possible both
through verbal and through non-verbal commu-
nication. For instance, a student explains that
matter prevailed and utters the adverb “Finally!”
while using his hand whereas another student-
Physicist uses his facial expressions to show his
irony towards all other sciences as he thinks that
Physics is the only true science, expressing this
way his irony in a non-verbal way. At the same
time, students used appropriate material to help
them render the scientific concepts. A student
narrates the way the Universe began and the Big
Bang theory and uses a red umbrella while anoth-
er student who has the role for Fred Hoyle pops
a balloon with a needle, an action that signifies
the explosion. As far as student interaction and
cooperation is concerned, all students worked
together to accomplish a task. Actions such as
body movements or scenes in the theatrical per-
formances like the one where a student who pre-
tends to be a particle runs around the stage and
the scientist is anxiously trying to find her prove
the interaction among students.

Communication

Fig. 3 Embodied Learning and Communication

The students managed to create a positive at-
mosphere both during the rehearsals and dur-
ing the actual theatrical performance. Students’
emotional and body involvement enhances stu-
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dent communication to a greater degree com-
pared to facial expressions or simple gestures.

Since “Entertainment” is an important part of
the theatrical performance, it is worth mention-
ing that students retained their interest through-
out and enjoyed the whole procedure (fig. 4).
Student creativity and imagination is evident in
most theatrical performances. A student talks
with Einstein and asks for his autograph while
another student points to the Scorpius constella-
tion while the planets dance hugging. In another
performance, planet Pluto appears last on stage
and being short of breath, which signifies that
he is the last planet in our solar system, while
another student-researcher is trying hard as we
can infer from his facial expressions to discover
the God particle, highlighting the importance
of its existence. The students seemed to enjoy
the whole process as humorous scenes in the
performances verify. For instances, all students
who participated in the performance where
a party was held by the academic community
to announce the discovery of the God particle,
were laughing. All students have understood
the clarity of roles; for instance, a student who
pretends to be a particle runs around the stage
representing particle movement while another
student-scientist is trying to find her.

Entertainment

i e—i]

Fig. 4 Embodied Learning and Entertainment

The students have also included personal el-
ements in their performances, which signifies
a high degree of embodiment of the concepts.
Students use their hands to emphasize specific
parts, for instance the difference between as-

trology and science, while in some scenes stu-
dents used their imagination; a student/jour-
nalist of a show, Ms. Poirot, appears holding a
magnifying glass to solve the mysteries.

It becomes obvious that 2 out of 4 characteris-
tics of Embodied Learning, those of whole body
movements and of emotional involvement lead
to a successful representation of scientific con-
tent, to student communication and enjoyment.
Those characteristics appear with a very high
frequency which underlines the relation of Em-
bodied Learning to the aforementioned catego-
ries and subcategories. At the same time, there is
a relation between the two subcategories within
each category, which verifies the achievement
of goals. On the other hand, it was observed that
simple gestures and facial expressions play a sig-
nificant yet not decisive role in using Embodied
Learning in the educational practice, with a per-
centage of 68% and 62% accordingly.

Moreover, unconscious movements appear in
a fewer percentage in whole body movements
and in emotional involvement, which indi-
cates that students in Embodied Learning act
consciously, having fully understood the sci-
entific scenario. On the contrary, they appear
in a higher percentage in simple gestures and
in facial expressions, which leads us to con-
clude that students may perform unconscious
movements to express themselves in a more
performative way.

6. Conclusion

This study aimed at connecting Embodied
Learning in the educational practice to the
dramatization of educational theatrical sce-
narios and the representation of scientific
concepts and knowledge in the context of the
“Learning Science through Theatre” project
2014-2015 The study examined the contribu-
tion of Embodied Learning to

a. the representation of scientific content (link-
ing movement and concept)
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b. Art (dance movements, humour in move-
ments etc.) and
¢. random/unconscious movements

The findings suggest that Embodied Learning
leads students to the most successful representa-
tion of scientific concepts, enables the connection
of student to modern forms of Art while even the
unconscious movements performed by the stu-
dents may be indicative of the degree of appro-
priation and embodiment of scientific concepts.
Furthermore, collaborative learning is supported
while student creativity is enhanced. Dramatiza-
tion of theatrical plays could be included to the
educational reality since it constitutes an exem-
plary educational practice. The learning environ-
ment of the “Learning Science though Theatre”
project included authentic theatrical scenarios
which were performed by the students and were
in accordance with their interests and cognitive
load. Finally, we examined the students’ cogni-
tive involvement, the representation of scientific
content using their cognitive processes, their
sensorimotor involvement using their bodies or
gestures, their emotional involvement, social
interaction and communication between the stu-
dents, the use of past experiences and creation of
new ones based on sociopolitical and historical
framework and on beliefs and behaviors, their
brain-body-emotion coordination, the holistic
use of their personality and their motives.
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Abstract

Webinars in the framework of the European
project MARCH aim to highlight good practic-
es in teaching STEM as they have been record-
ed in the previous phases of the project. Five
webinars were implemented in the framework
of the project in Greece, and four more in Por-
tugal, Germany, the UK and Bulgaria promot-
ing the outcomes of the project to make Sci-
ence real and attractive to young people. The
webinars shaped an active Science community
of teachers with positive attitude towards the
next phase, this of the pilot implementation in
schools. They served as virtual learning envi-
ronments encouraging teachers to exchange
and share knowledge, ideas and information,
opening up to a global community and access-
ing the global open digital wealth of ideas and
innovations.
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1. Introduction

The Webinars is an abbreviation of the term
Web-based seminars, and consist lectures either
presentations which are implemented on the Web
(Webinars PE19-20, nd) simulating training sem-
inars online. During Webinars, real time commu-
nication is achieved using audio, video and also
data among two or more remote places (Suthers,
2001- Gibson & Cohen, 2003). One significant
characteristic of the webinars is the capability of
interaction at a distance between the speaker(s)
and the participants in real time communication.
Exchanging data as files, presentations, graphics
(Brown, 2001), and also the potential of shar-
ing common applications among remote users
(Gtirer et al, 1999), provide the added value of
the webinars. They also provide the chance to
speakers and the audience from remote areas to
communicate in real time through the internet
exchanging views and sharing data. The paper
firstly records the pedagogical framework of
the European project MARCH (MAke science
Real in sCHools), its objectives and the phases
of its implementation. The next units present
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the technological framework of organizing, im-
plementing and also evaluating webinars by the
participants. In particular five webinars as case
studies are presented which put emphasis in ex-
periential, active and inquiry based learning. The
paper finally, discusses and outlines the role of
the webinars in highlighting good practices and
supporting in parallel the pilot implementation in
schools of secondary education.

2. The MARCH project

MARCH is a network that aims to promote
science as a force that can build up active citi-
zens, help students to actively contribute to the
learning process and also connect science to
everyday life. The MARCH consortium con-
sists of 9 partners from 7 European countries
(the UK, Greece, Germany, Serbia, Lithuania,
Bulgaria and Portugal) and it brings together
key players in the field of science education,
science communication and relevant policies.

The anticipated impact is an increased appre-
ciation and application of the proposed meth-
odologies amongst educators as well as an
improved understanding of the career opportu-
nities in science and research, leading to more
young people choosing a career in science. The
network’s objectives will be achieved through
an innovative methodology including local
workshops bringing together scientists, educa-
tors, students, and other key players, as well
as international ‘Innovation Swap Workshops’
(ISW) to focus on inquiry-based learning and
interactive educational content that will make
science teaching attractive to young people
and present innovative international practices.

An initial scoping exercise took place in 2014,
consisting of a collection of best practices
through desk research and interviews in part-
ner countries. Its objectives were to review the
current state of Science Education and to map
the state-of-the-art across Europe. The scop-
ing analysis was based on both qualitative and

quantitative research, including desk research
on existing policies, practices and methodolo-
gies, in-depth interviews with relevant stake-
holders, and online surveys among teachers
and students. The results of the scoping analy-
sis have been presented at the 1st International
Conference that took place in Athens, in No-
vember 2014, and have been tested and en-
hanced in the following stage of the MARCH
project, the workshops both local and ISW.
Three ISWs and seven local workshops have
taken place so far and the relevant reports are
available on the MARCH website.

The next stage of the project involves the
production of webinars, addressed to teach-
ers, trainers and research staff from higher
education from all over Europe and which
will encourage participation from students too.
School Pilots, organised around the key axes
that emerged from the local and ISW, and are
planned to take place in 2016. Via seven pi-
lots, one in each of the participating countries,
teachers and students will be able to test and
enhance methodologies identified and present-
ed in the previous stages of the project. The
school pilots’ period is the time for all interest-
ed teachers across Europe to try them in their
own classes, incorporate them in their lessons
and open up to new learning paths aiming to
make science teaching more attractive and en-
joyable for the students (MARCH toolkit, nd).

3. Organising the Webinars

Organizing webinars in the framework of the
MARCH project aims to highlight and dissemi-
nate good practices in teaching STEM (Science,
Technology, Engineering, Mathematics) as they
have been identified during the previous phases
of the project. Good practices are based on key
findings of the scope analysis in 7 participating
countries and also the expertise gained by both
teachers and experts in national and innovation
swap workshops and conferences which were
held in 2014-15.
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Five webinars took place in Greece within the
framework of the European March Project
and four more in Portugal, Germany, the UK
and Bulgaria highlighting the outcomes of the
project to make Science real and attractive to
young people. Proposed good practices focus
on the use of advanced technologies & simu-
lations, new media to teach STEM topics, re-
mote & virtual labs for inquiry based learning.
Furthermore they approach experiential learn-
ing with outdoor activities, combining Art and
STEM (STEAM), coding, and using robotics
for special educational needs students.

All five webinars were organized by the Educa-
tional Radiotelevision and focused on making
science more attractive to students of secondary
education. The webinars involved at least two
speakers and a moderator. In all five cases, at
least one speaker was a teacher of STEM sub-
jects who had implemented a good practice or/
and an innovative methodology in teaching
STEM. The second speaker was either a teacher
of STEM or an expert (researcher or/and scien-
tist) on STEM topics. At the beginning of the
webinar session, there was a short introduction
of the goals and phases of the MARCH project.

The series of webinars has a high impact not
only during their real time presentation but
viewing the recording afterwards on demand.

4. Technological approach

The platforms used to deliver the series of we-
binars were provided all by reliable entities. In
particular, they were the Centra by the Hellen-
ic Open University, the Big Blue Button by the
Institute of Educational Policy and the Webex
by European Schoolnet.

The first webinar was delivered in the frame-
work of Creative Classroom Expert Talks
introducing the MARCH project. It was co-
organised by the Creative Classrooms of the
etwinning network and used the Webex envi-
ronment by the European Schoolnet.

The second, fourth and fifth webinar were co-
organised with the ICT’s Advisor of the Region-
al Directorate of Primary and Secondary Edu-
cation in Western Greece and used the Centra
v.8 (http://centra.eap.gr/) by the Hellenic Open
University in the framework of “Webinars for
ICT teachers”. Virtual rooms were provided by
the platform and the recordings are released on
the relevant repository of webinars under the
Creative Commons 3.0 license (Creative Com-
mons, nd). The third one was co-organised with
the Institute of Educational Policy and used the
Big Blue Button platform.

5. Implementing the Webinars

Each webinar includes an introduction, some
information for the project and lasts for about
60’ — 90’ according the following agenda:

* 5°-10’ Introducing Speakers

* 5’ - 10’ Introducing the project

* 2X15’ Lectures

* 20’ - 25’ Q&A session — Discussion

* 10’ Outline

The following Table 1 shows the titles-topics
for each one webinar and the relevant URL ad-
dress for its recording.

Title — Topic Recording — URL

Making Science Real in
Schools: Best practices for
Creative STEM Classrooms

https://youtu.be/
MzZHXumslul

The art of coding https://www.
youtube.com/

watch?v=pFPDiz28dCs

Developing a standard model
of urban development of a
city by students

https://www.
youtube.com/
watch?v=TtOh2uFP8Ls

Approaching the education
of students with special
educational needs

https://www.
youtube.com/
watch?v=1mBPv5N_h20

Methodologies and good
practices in teaching STEM

https://www.
youtube.com/
watch?v=MqqNkssGKj0

Table 1. Topics and recordings of the Webinars
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In the introduction of all webinars there was a
lecture regarding the outcomes and the good
practices proposed within the previous phases
of the project and also raised from the interac-
tions and collaboration of teachers, students and
experts. In particular, in Greece 110 good prac-
tices were submitted by teachers after a general
call of the Ministry of Education to all second-
ary schools and they have been evaluated af-
terwards by the consortium. The evaluated and
proposed good practices are aligned with the re-
sults of the International Office of Education of
the Unesco’ s research (Vosniadou, 2002) in re-
gard with authentic learning environments con-
nected with real life. They aim to cultivate skills
and competences, which are necessary in 21
century (Punie & Carneiro, 2009) and shape the
following axes, methodologies and pedagogical
approaches (Papadimitriou, nd):

s Using New Media \1.
A Mathodologies
+ MttratTieg WiN
Reseanchers
+ Problem Schving

+ Dty AdmeiThEd
* Coding - Lhing Roboty

+ Uhlag handi-da
AT

Figure 1. Axis, methodologies and pedagogical approaches in MARCH

A key axis of the proposed good practices is
the use and creation of new media in the STEM
classroom. Within the umbrella concept of new
media there are included social media, web2.0
tools, software and virtual laboratories. For
example the good practice “Become Galileo’s
assistant” uses the virtual labs “Stellarium”
and “SalsalJ”. New media in youth communi-
ties, projects and schools are reshaping tradi-
tional education, opening up to more creative
approaches and re-defining aspects of the edu-
cational procedure like assignments and evalu-
ation (Buckingham et al, 2006).

Picture 1. 1st Webinar: Become Galileo’s Assistant

Furthermore, the use of new media is crucial
so as to flip classrooms (blended learning ap-
proach), gain time, interact with researchers,
organise group working and experiential ac-
tivities and implement outdoors activities for
example projects and practices that take the
student outside the classroom to the nature.
Outdoor education is linked with many differ-
ent educational approaches like experiential
and exploratory learning and takes place main-
ly in the outdoors. It is based on interdiscipli-
nary approach and uses relationships among
people and natural resources (Priest, 2010).

LARN 1 Mlaaryg Sreeece Heyd i Sohosis

Picture 2. 1st Webinar: The life-cycle of invertebrates

Picture 3. 4th Webinar: Robots for special needs’ students
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6. Evaluating the Webinars

During the 5 webinars an average of 55 teach-
ers and 1 hub (a class where many participants
joined) were connected as the following Fig-
ure 2 shows:

0 Ill_l.l..

12 3 45

B participants

B hub

Figure 2. Participants and Hubs connected

The previous knowledge of teachers for the
MARCH project before the implementation of
the webinar is recorded at the Figure 3:

100%% B absolutely

808

60% B at a large
extend

a0 |

0% | at a short
extend

0% -+ — = =
1 2 3 4 5 " not at all

Figure 3. Previous knowledge for the MARCH project

The previous experience of participating at the
webinars is recorded at the Figure 4:

80% 71 ¥ absolutely
60%
M atalarge
40% extend
20% [ at a short
extend
0% - i [ .= -
1 2 3 4 & H not at all

Figure 4. Previous experience of participating in webinars

The overall assessment for each webinar is re-
corded at the Figure 5:

80% ¥ absolutely
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40% extend
20% [ at a short
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0% - - w - -
1 2 3 4 5 Hnot at all

Figure 5. The overall assessment

In regard with the ways that teachers have
learnt about organizing this series of webinars,
the majority of teachers says that they got in-
formed by the social media of the Educational
Radiotelevision and also the Regional Direc-
torate of Primary and Secondary Education in
Western Greece (blog, facebook). In addition
they received an email for the second, fourth
and fifth webinar. Teachers learnt for the first
webinar by both social media and email of the
active network of etwinning.

In qualitative responses, participants expressed
their interest for participating in pilot implemen-
tation and record enthusiastic comments, as:

*» Good Practices provide stimulus and inspira-
tion to teachers.

» Communication and interactions within Eu-
ropean teachers were achieved during the first
webinar.

» A wealth of open resources and tools for the
code week were presented at the second we-
binar.

* Interesting constructions by students and the
relevant methods to construct them were pre-
sented during the third webinar.

* A variety of robotic constructions and robots
aiming to engage special needs’ students were
presented during the fourth webinar.
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» Exchanging of ideas and experiences, new
approaches with concrete methods of develop-
ment occurred during all webinars

* Teachers expressed their interest to partici-
pate in the pilots.

7. Discussion and Lessons Learned

7.1. Challenges encountered

An important challenge that has been occurred,
is that the network of attendees doesn’t exist
previously and there was a need to built one that
could reinforce participation. In the cases that
there were preexisting networks, it is observed
the number of attendees was much greater. To
be more precise, the 1st webinar was co-organ-
ized by the Creative Classrooms and the etwin-
ning network was exploited. The exploitation of
a preexisting network and the use of the English
Language had as a result for the webinar to be
attended by teachers from 13 different coun-
tries, raising the total of participants to 84.

For the 2nd, 4th and 5th webinar, the network
used was the one of the Regional Directorate of
Primary and Secondary Education in Western
Greece. This network follows a standard proce-
dure including dissemination of the event, reg-
istration and evaluation. In particular, by using
a mailing list, the network informs its members
for the upcoming webinars. The members can
choose the webinars they wish to attend by reg-
istering to the event. Then, they receive regu-
lar notification emails before the event and an
email for evaluating the webinar after the webi-
nar completion. The existence of this standard
procedure, also contributes in the development
of a network between the attendees who know
one another, and this results in their active in-
volvement during the discussion sessions. Dur-
ing the 5th webinar there were also two hubs
(connection knots), from where people could
attend the session. Concerning the 3rd webinar,
there was an attempt to build a network from

scratch. The webinar was made known to the
audience by the exploitation of the social media
of the Educational Radiotelevision (facebook
and twitter account). The number of attendees
was the lowest, reaching hardly 10 participants.

A second challenge was that the existence of
multiple platforms (centra, hangout, bigbluebut-
ton, webex etc.) created some technical prob-
lems. First of all, each platform has different
special and technical characteristics, environ-
ment and registration procedure. Consequently,
each person wishing to attend the webinar had to
complete a registration, to follow a certain pro-
cedure, and in some cases (i.e Centra) concrete
software was needed to be previously installed in
the computer. The speakers, also, were expected
to familiarize themselves with the way the plat-
form works and the different tools it disposes.

7.2. Recommendations

Taking into account the aforementioned chal-
lenges, it could be recommended for a single
platform to be adopted for all webinars, simpli-
fying in this way the registration process and fa-
miliarization with the platform’s functionalities
for both audience and speakers. Another rec-
ommendation would be the development and
strengthening a network so as to ensure more
people attending the webinars. The March web-
site and a variety of each partner’s social media
(ex. facebook groups, twitter hashtags, blog)
could contribute towards this goal.

The webinars shaped an active Science commu-
nity of teachers with positive attitude towards
the next phase, this of the pilot implementation
in schools. They served as virtual learning envi-
ronments encouraging teachers to exchange and
share knowledge, ideas and information, opening
up to a global community and accessing to the
global open digital wealth of ideas and innova-
tions. Pilot results will also feed into the policy
recommendation paper that will be put together
towards the end of the project, based on all its
outcomes and findings, and which we hope will
lead to change, enhancement, improvement in
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the way Science is taught across Europe, by mak-
ing it more attractive to students, highlighting its
relevance for career purposes in an ever chang-
ing Europe, in an ever changing world.
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Abstract

This paper presents the impact of a European
scientific school contest on students’behaviour
towards science and towards considering fol-
lowing scientific careers. Based on the data
and input received from participating students
and coach teachers, the contest had a positive
impact on students in terms of enjoying sci-
ence as well as in developing basic skills and
competences. After participating in the contest
a considerable percentage of students men-
tioned that they now consider more seriously
the option of following a scientific career. Fi-
nally such initiatives also seem to improve stu-
dents’inquiry skills and their understanding of
how science works.

Keywords.

Astronomy, contest, science, careers

1. Introduction

Over the past decade there is a falling interest
of young people in science in general and in
following scientific carriers. Although young
children tend to have a natural curiosity about
the world around them and about how things

work, they seem to lose their interest as they
make their way through school. Thus, it is im-
portant to focus on the way science is taught
and ensure that students keep interested in
learning and doing science. The “Science
Education Now: A renewed Pedagogy for the
Future of Europe” report [1] makes a presen-
tation of the current state of science educa-
tion and based on the validation of two major
projects, namely Pollen and Sinus-Transfer,
suggests a series of recommendations so as to
improve the science teaching methodology by
following and implementing the inquiry-based
teaching model.

In this paper we examine the impact on rais-
ing students’ interest in science and in fol-
lowing scientific careers through a European
school science contest. The contest aimed to
contribute in increasing young students’ inter-
est in science and in following scientific ca-
reers - specifically careers in space explora-
tion - by adapting and promoting the inquiry
based teaching approach. The focus of the con-
test was on space exploration and astronomy
which is one of the most appealing subjects
for students of both primary and secondary
schools [2] and which seems to attract equally
male and female students. Although astronomy
and space exploration is not included in most
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countries’ physics curricula it can be deployed
in order to teach a great variety of subjects re-
lated to physics, chemistry and mathematics
in a modern and appealing way. Through such
contests, students experience a completely dif-
ferent aspect of science which is far from be-
ing boring and inexplicable as students com-
monly believe [3] and start perceiving it as an
interesting and appealing subject. This behav-
ioural change of students towards science is a
key point in inspiring them to pursuit scientific
careers in the future.

2. The aspects of the contest
impact investigated and
methodology followed.

Students between the ages of 14 and 18 from
around Europe were invited to participate in
the contest by forming a team from 2 to 5
members and develop a space related-project.
Participating teams could choose to submit
their project in one of three different catego-
ries; a) Solar system; b) Co-evolution of life;
¢) Spaceship-Global cooperation. For each cat-
egory one team would be declared winner after
a two-round evaluation process (one national
round per country and one international round
between national finalists). The team set spe-
cific and measurable objectives which reflect
the impact of the contest on different levels.
Some of the objectives set are the following:

- Students’ inspiration in following a scientific
career or a career in space

- Students’ and teachers’ reactions
- Students’ and teachers’ involvement

To measure the objectives stated and thus outline
the impact achieved on all the strands mentioned
above, the team deployed metrics of both quan-
titative and qualitative nature. More specifically,
the team developed two different sets of ques-
tionnaires which included questions that aimed
to provide both quantitative and qualitative data

related to the objectives set above. The first set of
questionnaires developed was handed to partici-
pants for answering upon registration. The first
questionnaire (from now on called BSQ (Before
the contest Student” Questionnaire) aimed to re-
cord students’ behaviour towards science and
space exploration prior to being involved in the
contest and where answered by them upon regis-
tration. The second questionnaire (from now on
called BTQ (Before the contest Teachers’ Ques-
tionnaire) aimed to record teachers’ profiles,
their expectations of the contest and their view
towards inquiry based teaching.

The second set of questionnaires was given
to teams upon submitting their project. The
questionnaire targeting coach teachers (from
now on called ATQ (After the contest Teach-
ers Questionnaire) aimed to record their view
towards inquiry based teaching after the con-
test, their overall assessment of the contest and
their point of view on their students’ perfor-
mance during the contest. The questionnaire
targeting students (from now on called ASQ
(After the contest Students Questionnaire)
aimed at documenting their overall experience
of the contest and their current view on space-
related topics. These two sets of questionnaires
targeted all contest participants and the ques-
tions included provided both quantitative and
qualitative feedback.

3. Teachers’ questionnaires

3.1 Teachers’ profiles

Out of 121 teachers participating in the contest
we obtained 80 BTQ questionnaires (66.1%)
and 89 ATQ (73.5%). Although the majority of
teachers were male teachers the difference was
not that vast (60% males and 40% females).
Most of the teachers were between the ages of 41
to 55 (51.25%) and another 28.75% belonged at
the age group between 31 and 40. As indicated in
the figure below, there is a big distribution in the
years of experience as a teacher. The fact that the
there is an analogy between the years of expe-
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rience and the number of participants (the more
years of experience the more participants) could
indicate that as teachers gain on teaching experi-
ence the more confident they fill in participating
in broader initiatives that go beyond the tradi-
tional ones taking place in their school.

Years ol experience

40%

3375%
31.25%
3%
25%
20.00%
20%
15.00%
15%
10%%
5%
%
<5 5-10 =20

11-20

Figure 1. The percentage of coach-teachers per years of experience.

Another interesting feature of the teachers’ pro-
files is that only 38.74% stated that they are phys-
ics teachers, a percentage that we had expected
to be higher. Only 10.32% were mathematics
teachers and another 12.26% stated that they
teach chemistry. 15.48% of the teachers stated
that they teach a non-science related subject.
This distribution between the teaching subjects
of coach teachers could be proof that astronomy
is an appealing and interesting subject not just to
physicists but to teachers from other fields even
not science-related. Additionally, this fact could
also play a role in terms of interdisciplinarity of
the projects. Teams whose coach teachers are not
physicists or teach other science topics as well as
physics are more likely to produce projects that
are more interdisciplinary.

Subjects taught by coach-teachers
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Figure 2. Subject taught by coach-teachers participating in the contest.

3.2 Teachers’ expectations for their students

Focusing on teachers expectations from the
contest for their students, 90% stated that
they are interested in making their students
more enthusiastic about space exploration
and 77.5% stated that they want to facilitate
their students in improving their inquiry skills.
Based on their answers in the ATQ these ex-
pectations were highly achieved as 83.54%
stated that they believe that their students have
become much more enthusiastic about science
and only 13.92% believe that their students’
enthusiasm has increased but only a little.
Respectively 84.81% of teachers believe that
their students have become more curious about
space exploration and science in general. In
addition 84.81% of teachers believe that their
students have learnt a lot about space explora-
tion focusing on the subject of their project.

Have your students become more
curious about science and space
exploration?

not applicable | 1.27%
very largely fulfilled | - 5 | %o
alittle fulfilled NN 13.92%

not at all fulfilled | 0.00%

0.00% 1000% 2000% J000% 4000% S000% G000 TOO0% BOOO% SOO0%
% of Respondents

Figure 3. Answers by coach teachers on students’ raising interest
about science and space exploration.

When commenting on students’ behaviour
during the implementation of their project
74.68% believe that their students have great-
ly improved in working in teams and the rest
25.32% believes that the have improved to
a satisfactory degree. About 82.02% of the
teachers stated that the choosing of the pro-
ject’s theme lied upon their students, thus in-
dicating a high degree of initiative from their
side on this matter. Only 17.98% of the teach-
ers stated that the subject of the project was
their own choice.

Based on their answers in the ‘open-text’ ques-
tions, teachers also seem to pay great atten-
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tion on the emotional impact of the contest on
their students. According to teachers’ statement
the emotional involvement of the students in-
creased their sense of teamwork which was the
key factor in continuing with their project in
pressing times. Additionally, teachers believe
that the emotional involvement of the students
also resulted in them recalling what they have
learnt more easily and overall become more en-
thusiastic about space exploration and science
in general. Another interesting fact that stems
out of teachers’ comments is that the teams were
eager to disseminate their work to their fellow
students and local community. This fact could
also be attributed to the students’ emotional
involvement, their excitement in their projects
and taking pride in their work. The enthusiasm
of students in promoting their own work has
also acted as a trigger in inspiring their fellow
students to engage in similar initiatives.

Focusing on the teachers’ second most popular
expectation — improving students inquiry skills —
64.56% of the teachers believe that their students
have greatly improved in formulating questions
and developing strategies to answer their ques-
tions and 34.18% believe they have gained some
experience. With regards to improving students’
skills in using ICT tools 53.16% of the teachers
believe that their students have gained a lot of ex-
perience and 43.04% believe that their students
have gained only some experience.

4. Students’ questionnaires analysis

4.1 Students’ profiles

Out of 438 students’ participating in the contest
we obtained 226 BSQ questionnaires (51.6%)
and 143 ASQ (32.6%). Percentages regarding the
gender of the students demonstrates an interesting
fact; in the BSQ 67.70% were male students and
32.30% females while in the ASQ the percent-
age of female participants has increased (58.74%
male students and 41.26% female students). These
second set of percentages seem to be aligned with
current studies which indicate that both female

and male students are equally attracted to astron-
omy-related topics [4]. In addition, the increase
of female students during the implementation of
the contest could indicate that girls may at first
be more reluctant to engage in astronomy related
activities but once involved in the process their
enjoyment seems to increase and they are more
likely to complete the activity they started.

4.2 Students’ interest in science and in fol-
lowing scientific careers

Upon rating their enjoyment of science on a
scale from 1 to 10 (10 being the maximum)
82.3% rated their enjoyment between 8 and
10 while 17.26% were between 5 and 7. These
numbers indicate that most students participat-
ing in the contest already had a high interest
in science; however students with an average
interest were also inspired in participating.
The respective percentages of the ASQ indi-
cate that overall participants have an increased
interested in science after participating in the
contest. Students now rating their enjoyment
in science between 8 and 10, is 89.51% while
students rating their enjoyment of science be-
tween 6 to 7 is 10.49%. Contrary to the BSQ
there are no students rating below 6 (only
1.40% corresponds to rating “6”) while the av-
erage has also increased a little (8.70 before
the contest and 8.93 after the contest). This in-
crease in their enjoyment of science is also in
accordance with what teachers have stated on
their students increasing interest in science.

How would you rate your enjoyment of
% science?
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Figure 4. Students’ degree of enjoying learning science.

In order to check whether this increase in stu-
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dents’ enjoyment also stems from their par-
ticipation in the contest, students were posed
with a second question: “Do you enjoy sci-
ence more now than before the competition?”
Given the fact that upon registration 59.29%
of the students rated their enjoyment in science
between 9 and 10 (10 being the maximum) and
40.71% students rated their enjoyment in sci-
ence between 5 and 8 it was expected that the
amount of participants that could be more sig-
nificantly affected by the contest were around
40% of the participants. The answers to the
question above however, indicate that 47.93%
enjoy science more than before the competi-
tion and 52.07% enjoy science as much as be-
fore the competition. This result indicates that
the contest had a positive impact on students
who enjoyed science at an average rate and in
addition students who already took great en-
joyment in science were also more inspired
due to their participation to the contest.

When students were asked if they are con-
sidering a career in science upon registration
61.88% of the students said “Maybe”, 31.68%
said “Certainly” while a percentage of 6.44%
declared they were absolutely not thinking of a
scientific career. The students’ answers on the
same question after the contest have changed
towards most positive responses. The students’
percentage saying “No, absolutely not” has de-
creased to 4.13% and student who said “May-
be” has also dropped to 51.24%. On the contra-
ry, students saying “Certainly” have increased
by 13% reaching 44.63%. These results indicate
that the contest has affected positively mostly
students who were undecided about choosing a
career in science or not. The change in numbers
between “Maybe” and “Certainly” students be-
fore and after the contest is an indication that
the contest may have contributed in making
up their mind and inspiring them towards fol-
lowing a career in science. Although small, the
drop in the percentage of students who had an-
swered “No, absolutely not” before the contest
also indicates that overall, the contest may have

affected students overall behaviour towards sci-
ence and in following scientific careers.

Are you considering a career in science?

) 31.68%
Certainly
44.63%
61.88%
Maybe.
! — 5124%

6.44%
4.13%

Before the contest

® After the contest
No, absolutely not. h
0%

205 A0F% B0 B
Figure 5. Students’ visions on following a scientific careers.

With regards to the students overall idea about
the contest, the vast majority (90.08%) stated
that they have enjoyed a lot their participation
in the contest and only 9.92% said that they
have enjoyed their participation only a little.

Did you enjoy participating in the contest?
tenjosedita ot |, 5 o-:
atiie [ 992
Not very much | 0.00%

Notatall | 0.00%

0.00%% 20.00% 40.00% 60.00% B0.00% 100.00%%

Figure 6. Students degree of enjoyment of the contest.

This positive reaction to the contest is also en-
hanced by the fact that 80.99% of the students
indicated that they want to learn a lot more
about science and space. These two results of
the questionnaires strongly indicate the high
positive impact of the contest on students in
term of being more positive towards learning
about science and space exploration and it can
be an inspiration in engaging in more similar
activities in the future. Additionally students
were asked to comment on the competition it-
self and point out its most positive and most
negative things. On the positive side students’
answers mostly focused the knowledge they
have gained on the subject at hand and in how
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to make a project (38% of the comments),
their enjoyment in working with teammates
(14.5% of the comments), the inspiration they
got in learning about space (15% of the com-
ments) and their enjoyment in participating in
an initiative that gave them the opportunity
to demonstrate their work and learn about the
work of others. Other comments were about
their opportunity to work on their time man-
agement and inquiry skills, their chance to
do something creative and the fun they got in
participating. The fact that the most common
comments among participants were about the
knowledge they have gained strengthens the
indication that the contest had an impact on
participants’ cognitive skills.

On the negative side about 29% of the students
comments focus on the fact that they wished to
have more time to work on their project, while
18% said they didn’t find anything negative
about the contest. The percentage of students
stating they didn’t have enough time to work on
their project, in combination with the fact that
the average time spend on projects by teams is
around one week could be an indication, that
students got started with their project later than
what it would have been ideal for them or that
they didn’t have as much time as they would
want due to school obligations. However, this
could mean that overall students’ time man-
agement skills could be improved. Perhaps
this could be a reference point for future con-
tests where special attention should be made
in guiding the contestants to make an affective
time schedule for their project. Some students
also had comments about needing more guid-
ance and instructions or having some minor
problems with their submissions.

On commenting about whether the contest had
a cognitive impact on the participants, we have
taken into consideration three different sourc-
es of data. Firstly, as mentioned above, about
84.81% of teachers believed that their students
have learnt a lot about space exploration focus-
ing on the subject of their project. The second

source of feedback is the answers to the respec-
tive question asked to students where 64.46%
of them have stated that they have learnt a lot
about science and space due to the contest and
34.71% stated that they have learned about sci-
ence and space to a smaller degree. Lastly, the
quantitative data received from the open-text
questions indicate that according to students
one of the most important benefits from the
contest was the knowledge they have acquired
in space exploration and science. Overall, all
the feedback derived on the cognitive impact
of the contest to the students indicate that all
participants have benefited from the contest on
this matter. However, besides the fact that the
students have indeed gained knowledge, an-
other interesting point to look at, is the process
through which this knowledge was gained. Ac-
cording to students’ comments, teams appear
to have enjoyed themselves during the making
of their project. Overall, students seemed to
have enjoyed working in teams and they en-
joyed the challenge of making a project. Many
participants also stated that the learnt about
how to make a project and how to make an in-
quiry, which indicates that, the contest has also
influenced to a degree the participants’ meta-
cognitive skills. Additionally, on the matter of
understanding how science works, 64.22% of
the students stated that they know more about
how scientists and researchers work in com-
parison to what they knew before the contest
and 27.52% stated that they have learnt a lot
more on the matter. In the process of under-
standing how science works another indication
is that 41.32% of the participants, stated that
they came in contact with scientists. In most
cases the scientists contacted were from local
universities and science centres.

5. Conclusions

According to our findings, it can be assumed
that the contest had a positive impact on stu-
dents’ attitude towards science. The increase
of students who consider following a scien-
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tific career is among the achievements of the
contest. The fact that to their vast majority stu-
dents have stated they enjoyed the contest is
also an important aspect as it can contribute in
changing students’ notion of learning science
and make them fill more inspired in engaging
in science.

Focusing in the quantitative data received, our
analysis has shown that students have enjoyed
the fact that they were given the opportunity
to choose freely the subject and the manner
they want to work on. Their experience in the
contest has taught them how important it is to
be able to manage the available time and to be
able to coordinate teamwork. Students seem
to appreciate the fact that such initiatives help
them improve their inquiry skills and learn
about science in their own fashion. They seem
to be particularly pleased with the fact that they
have been given the opportunity to act based on
their will and on subjects that interest them the
most. Having taken enjoyment in their work
is not only reflected on the answers given by
the students; it is also reflected on their work.
The projects submitted in the project are not
simplistic; they are to their majority attempts
to propose new ideas on space exploration
based on scientific facts. The quality of the
projects and the overall performance of the
teams indicate that students had the will to
invest in the contest and put effort in producing
a quality entry.

Many teachers stated that they have
witnessed a behaviour change in their students
with regards to their performance in school
and their collaboration with fellow-students.
Overall, it is safe to say that based on the
impact of the contests, such initiatives are
like to increase students interest in learning
science and consider following science and
space related careers, as they are initiatives

which encourage hands-on creative activities
and allow students to take initiative, use their
imagination and inquiry skills and engage in
activities that allow them to truly enjoy the
learning process. The engagement in one such
initiative could act as a trigger to revive a
student’s lost interest in space exploration or to
inspire a student who has not had contact with
this subject before. Additionally, the constant
involvement of students in such initiatives
could act in an aggregative manner and help
students maintain a high interest in learning
science through their inspire them in following
a relative career in the future.
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Abstract

In this paper we present the efforts to build a
strong and very active community of educa-
tors in Portugal. The main aim is to present
the strategy adopted by our institution in Por-
tugal to help teachers motivate their students
towards science literacy. We will present our
vision and how we are building the necessary
road to achieve this goal. How to effectively
train and inspire teachers, how to provide con-
tinuous support, how to sparkle students inter-
est for science, how to innovate in classroom
and how to create inclusive environments.

Keywords

Community building, teacher training

1. Introduction

NUCLIO is a non profit association devoted
to public outreach and education in the field
of science, in particular astronomy. Since 2004
NUCLIO started training teachers on the use of
real research in classroom providing support to
the use of cutting edge tools and resources in
schools. In 2012 our association started a new
stage by becoming an official training centre

Largo dos Topazios 48 — 3Fte
2785-817 S.D.Rana — Portugal
rosa.doran@nuclio.pt, geral@nuclio.pt

for teachers in Portugal. In the framework of
our offer to teachers not only we share the the-
matic of astronomy as a hook of inspiration to
students but we also provide training on the
necessary methodology to reproduce the sci-
entific method in classroom.

Astronomy is not a subject area per se in schools
in Portugal but, as it happens in the majority of
the countries, different topics appear in several
different subjects. Astronomy is a powerful and
inspirational thematic to inspire students for
science, in fact, the International Astronomical
Union in its strategic plan published in 2010
[1], makes a very good case for Astronomy as a
driver for the development of nations. The doc-
ument presents also a very well consolidated vi-
sion that astronomy can be a driver to cross dis-
ciplinary experiences and set the perfect stage
to prepare students to the world of work.

The strategy adopted is to provide support to all
teachers participating in our challenges, train-
ings and events but also to try and engage the
whole schools and local community. This strat-
egy is what we describe briefly in this paper.

2. The Method

The problem of decreasing interest for science
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is a known issue and has been debated in sev-
eral important documents as for instance the
Rose Project [2], the Rocard Report [3] and
a Critical Reflection on Science Education in
Europe [4] . A common suggestion from these
and other important studies is the adoption of a
student centred methodology and the prepara-
tion of teachers to uptake the role of tutors, to
step down the central stage and give the floor
to students. This requires a whole transforma-
tion in schools starting from the setup of rooms
to the setup of minds.

A powerful driver of this desired innovation
is the use of ICT as an accessory tool for the
amplification of student’s horizons. In Portu-
gal schools are fairly well equipped in terms of
ICT. This is a result of the technological plan
approved in 2007. Most schools have at least
one computer per classroom, data projector
and very often a smart board. However, due
to the recent financial crises severe cuts were
necessary and it obliged the government to put
their plan on hold. The missing component, to
the full implementation of the plan, was the
stage of training teachers.

The use of ICT in general is very poor and inno-
vative practices are driven by champion teach-
ers, those that are willing to go one step beyond
in the benefit of their students. School’s strate-
gies are, in general, very exam oriented and

have to handle lots of bureaucratic work.
These ingredients together represented a pit
stop in the construction of innovative learning
spaces. In order to support educators to face
these strong constrains we had to develop a
strategy to support our partners in this educa-
tion journey, a strategy that would not collide
with existing policy and expectations.

The developed method had several stages,
carefully planed and implemented:

2.1. Training Teachers

Training teachers is the first step of a joint

journey. Unlike many other training events
NUCLIO believes that teachers need to find
in trainers a partner that will provide continu-
ous support. As a training centre, certified by
the Ministry of Education, NUCLIO promotes
accredited courses where educators are intro-
duced to innovative tools, resources and stu-
dent centred methodologies. In the framework
of Inspiring Science Education (ISE), in par-
ticular, we walk along the creation of inquiry
based scenarios following the big ideas of sci-
ence (fig 1).

Figure 1. ISE teacher training session

The specific course has a total of 30 hours
where we use astronomy as a main hub for sci-
ence ideas. A selection of astronomy tools and
resources are presented and teachers invited
to create their own inquiry scenarios using the
shared material as a reference. The next step
is to apply the prepared material with students
and collect the result.

2.2 Inspiring Students

This is a crucial step for the design of our strat-
egy. In fact, students are the reason we promote
such variety of projects. We believe that by em-
powering teachers we are opening new oppor-
tunities to students and better preparing them
to take the lead in the future of our existence
in this planet. When we ask teachers to adopt
the proposed tools, methodology, etc., we are
asking them to step way beyond their comfort
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zone. But this is not only the case of the vast
majority of teachers, it is also the case of stu-
dents, who are very accustomed to mechanized
exercises where the answers are always in the
last part of the book.

But this is not the only challenge faced by the
teacher. In most societies students are required
to perform well in national exams, their aca-
demic future depends on it. So any diversion
from the traditional path of exam preparation
might not be well embraced by them. On top
of that, one of the most common complaint is
related to dense curricula and lack of freedom
to design it according to the specific needs and
specificities of each group of students.

Actually these ingredients are the perfect mix
to drive students away from their natural cu-
riosity and creativity and drive teachers to
mechanized structuring of their lessons. In his
TED, “Do Schools Kill Creativity”, Sir Ken
Robinson gives us the perfect recipe to drive
students away from a fruitful construction of
the science literacy, in a nutshell, he describes
most of the education systems in the world [7].

In order to help teachers overcome some of
these barriers we promote demo activities in
schools where we try to engage students in the
use of some of the innovative tools we trained
their teachers to use (fig. 2).

Figure 2. ISE demo activity with students

These demo sessions, with the catchy name of

“NUCLIO on the road”, are in the format of a
master class where we present a science topic
trending at the specific moment of the visit,
like for instance gravitational waves nowa-
days, we then invite them to participate in a
research exercise where we introduce them to
an ISE scenario. Usually the result is very en-
couraging and acts like an ice breaking and an
invitation for the students to explore more.

2.3 Engaging the Schools Community

The obstacles are not ending here, in many oc-
casions colleagues in the same school are not
supportive or open to the new developments.
Often they can even be an impediment for the
implementation of the project in the school. In
many occasions a simple activity where our
team share the vision of the project, its benefits
and expected outcomes with the rest of the team
solves many issues and provides new oppor-
tunities for further engagement of members of
the same community. In order to achieve this
goal, the whole school community is invited
to these demo activities and special workshops
for teachers are promoted. The idea is to en-
gage other teachers from the same or different
subject area around the same experience. It is a
gentle push towards interdisciplinary collabora-
tion and a silent recognition for the teachers that
invited us to the school and helped organize the
event. Very often these visits set the stage for
further training, this time involving more mem-
bers of the community involved in the activity.

2.4 Engaging the Local Community

The support of the local community is also a
key aspect for the success of the implementa-
tion of the new vision brought by the inspir-
ing teacher, the teacher that is our partner in
the training course or other similar activity.
Awareness actions are necessary. In order to
present the renovation strategy, that NUCLIO
is usually inviting teachers to adopt, a science
café is organized by the end of the day of activ-
ity. This can take diverse format according to
the expected audience. The most used model
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is to promote a small talk about a topic of in-
terest and in between the question and answer
sessions inform the families of the students,
the rest of the school community and in many
cases the education authorities, about the in-
novative strategies we are inviting the school
to adopt. In some cases, after working with
the students for a few hours, they uptake the
role of scientist and present the lesson learned
to their parents. Either model presents a nice
framework to engage the overall community.

3. Cascading and empowering

Training teacher is a lifelong mission and there
are not enough hands to productively ensure the
reach of innovation to many at the same time.
Dissemination and outreach actions will cer-
tainly be enough when aimed at the 10% already
converted teachers and communities. The prob-
lem at hand is how to reach the remaining 90%,
unaware of our existence and in many cases not
interested in stepping out of their comfort zone.
The above listed initiatives are one way to reach
out, but another also equally effective trigger is
the word of mouth and the collected evidence
of the impact of the different projects in the stu-
dent’s development as an overall.

We trust the professionalism of the teachers we
train and hope that they will be agents of change
in their circle of influence. If every teacher is
capable of successfully share his or her experi-
ence with other colleagues, then the cascade ef-
fect will ensure the continuation of the process.
This format of empowering teachers is work-
ing for over 20 years in the framework of the
Global Hands-on Universe [8], initially created
at the University of California at Berkeley and
later adopted by the Galileo Teacher Training
Program [9], one of the largest astronomy edu-
cation efforts in the world endorsed by the Inter-
national Astronomical Union and UNESCO as
a legacy of the International Year of Astronomy,
counting nowadays with over 30 000 teachers
trained in nearly 100 countries.

This model is very sustainable as it is not de-
pendent in any particular funding model. It is
based on volunteer effort and the secret of its
success is the movement created around its
vision and the many visionaries around the
world ensuring its continuation.

4. Community Building: Online
presence and special gathering days

In recent years the support to teachers gained
another dimension with the flexibility intro-
duced by the use of online solutions. NUCLIO
started recently to promote online training ses-
sions along with support sessions on demand.
Teachers participating in our training events
have now the possibility to request online sup-
port for the preparation of their scenarios, for
the implementation phase or at any other mo-
ment where support is necessary.

In parallel with this initiative a series of we-
binars on specific astronomy topics are being
prepared connected to the different existing
demonstrators (ISE scenarios prepared by the
project team members) and preferably con-
nected to the school curricula.

Another important community building event,
launched in this school year, was a series of ses-
sions conducted in several parts of the country,
the “Pilot Days”. Days specifically targeting pilot
teachers of Inspiring Science Education where
participants were involved in fruitful discussions
related to the implementation of this model of
activities in schools. Participants had the oppor-
tunity to discuss specific topics about the pro-
ject proposed methodology, new scenarios were
presented and teachers were invited to explore
new features in the platform and/or new exist-
ing material. NUCLIO believes that it is crucial
to provide to our partners, schools in Portugal
and abroad, as many opportunities as possible to
share their experiences, provide useful input and
to gather the necessary face-to-face support.
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5. Certification and recognition
and internationalization

Besides the certification of attendance and
completion of the accredited training courses
NUCLIO also provides certificates to schools,
teachers and students that somehow were in-
volved in the project. Every year, in the frame-
work of Inspiring Science Education and other
projects, NUCLIO gathers teachers in a na-
tional event where certificates are distributed
and teachers have the opportunity to share
their experiences with other colleagues and the
public in general.

NUCLIO believes that best practices should be
shared and equal opportunities provided to teach-
ers and students all over the world. With this vi-
sion in mind our institution shares with partners
from all over the world all possibilities to further
enhance their knowledge and skills. We believe
that the collaboration between teachers from dif-
ferent parts of the world is highly beneficial for
the constructions of a world without borders. We
share funding opportunities, we promote con-
tests in the framework of our projects and other
friend’s projects. We help schools in the process
of presenting their own proposals to funding
opportunities such as, for instance, Erasmus +
mobility actions etc. The materialization of this
vision can be seen in the multiple international
training gatherings that we have been promoting
over the last years (fig 3).

Figure 3. International training session in La Palma

6. Conclusions

The construction of the future of mankind starts
at home, while we are nurturing our children
and offering them all the possibilities to build
their own vision of our condition as human be-
ings in this beautiful planet. Schools are the
next pillar in the construction of our literacy,
science in particular. They are the continuation
of our homes and the places where we prepare
the next generation of leaders and decision
makers. What is the value associated to a liter-
ate person? What is the price we are willing to
pay to ensure that the new generations have a
strong global citizenship awareness accompa-
nied with the necessary knowledge and skills
to take wise decisions? How far are we willing
to go to ensure that every child gets the best
possible opportunities? Maybe only a few will
read this article, if you do and you are will-
ing to make a change and to make a difference,
join our efforts.
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Abstract

Recent studies stress the rewarding effects
of spatial thinking on students’ attainment in
STEM disciplines or pursuit of a STEM career.
However, there is no rigorous research of the
way spatial thinking influences other skills
(e.g. problem-solving). Problem-solving skills
assist humans in prioritizing their problems
and in finding solutions using mental/cogni-
tive processes. A question worth pursuing is
whether (and how) spatial thinking is con-
nected to problem-solving skills. Hence, the
paper’s objective is to give evidence of that
link and to provide the grounding for enhanc-
ing spatial thinking in formal learning settings
with the aim of educating the future skilled stu-
dents.

Keywords
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1. Introduction

During the past decades, many scientists have
expressed an increasing interest in spatial
thinking. According to Sinton spatial thinking

is “the ability to visualize and interpret loca-
tion, distance, direction, relationships, move-
ment and change in space” (p. 733) [37]. Spa-
tial thinking is arguably as an important form
of thinking as others (e.g. verbal, logical, hy-
pothetical, mathematical) because the ability
to think spatially is of high importance for both
workplace and different scientific domains, but
it is also crucial for everyday life [29].

The significance of spatial thinking has also
been demonstrated in the report entitled “Learn-
ing to Think Spatially: GIS as a Support System
in the K-12 Curriculum” by the U.S. National
Research Council, which underlined that “with-
out explicit attention to [spatial literacy], we
cannot meet our responsibility for equipping the
next generation of students for life and work in
the 21Ist century” (p. 10) [ibid.].

Spatial thinking is considered as a significant
ability for STEM disciplines (Science, Technol-
ogy, Engineering and Mathematics). More spe-
cifically, the development of geospatial skills is
associated with the increase of participation in
STEM fields. The lack of spatial thinking acts
as a barrier for students leading them to dropout
[38]. Furthermore, spatial thinking can predict
one’s success in STEM fields and constitutes
an essential element for achieving innovation,
however due to being neglected by educational
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systems it has been missed [30]. Except from
STEM fields, spatial thinking is also associated
with social sciences, humanities [13], and edu-
cation [1], demonstrating in that way its inter-
disciplinary character.

Spatial thinking has three major building blocks
[29]: (a) concepts of space, (b) tools of repre-
sentation, and (c) processes of reasoning. All
these elements may be implemented in every-
day activities such as locating one’s home, giv-
ing and following directions or navigating in
known and unknown spaces. For example, in
order to find suitable areas for constructing a
winery based on various criteria (altitude, dis-
tance from towns, rivers and protected areas)
someone should grasp spatial concepts such as
location, distance/proximity, zone of influence
and elevation, use representation tools such as
maps and terrain modelling, and be able to per-
form reasoning processes, such as combining
maps and evaluating multiple criteria to make
inferences about the potential areas.

Spatial thinking utilizes the properties of space
in order to successfully solve problems and
give answers in various issues [ibid.]. In other
words, space plays a critical role, because spa-
tial thinking uses it for constructing the model
of the problem, exploring its nature and formu-
lating possible solutions related with space. It
also provides the necessary means for analyz-
ing space, which makes it a valuable tool for
decision-making. Hence, it is an ability that
may enable problem-solving, whether regard-
ing everyday activities such as parking or more
advanced activities such as reading an X-ray.

Based on Duncker [8], “a problem arises when
a living creature has a goal but does not know
how this goal is to be reached”. Actually, a
problem is an amalgam of three elements: (a)
a given state, which describes the current situ-
ation, (b) a goal state, which describes the de-
sired situation and (c) a set of operators, the
means to achieve the transition from one state
to the other [25]. In that context, problem-

solving skills are essential because they assist
humans in prioritizing their problems. Further-
more, they enable them to find suitable and
unique solutions to these problems, using vari-
ous mental and cognitive processes by follow-
ing a logical succession of steps. Just as spatial
thinking is considered as a high-level cognitive
process so is problem-solving, because it takes
place in the problem solver’s cognitive system
and manipulates cognitive representations.

There are many kinds of problems that humans
encounter in their everyday life, but those which
have a STEM context are unique and complex.
Johnson-Laird [20] argues that the three types
of reasoning (deduction, induction, and abduc-
tion) are essential for the solution of a problem,
but also other forms of thinking may contribute
to the solution as well. A question worth pursu-
ing is whether spatial thinking or spatial literacy
can promote problem-solving in information,
verbal, mathematical, etc. problems.

The present paper reviews state-of-the-art lit-
erature on research relevant to problem-solv-
ing and spatial thinking abilities. Hence, the
main objective is to examine on a theoretical
basis, whether spatial thinking and problem-
solving skills are linked to each other using
problem-solving questionnaires and video
games. The establishment of such a link pro-
vides the grounding for enhancing both skills,
spatial thinking and problem-solving in formal
learning settings with the aim of educating the
future skilled students.

2. Related research

The relation between problem-solving and
various other cognitive and thinking skills has
been the subject of numerous studies in the
past. For example, problem-solving skills have
been associated with critical thinking skills
[21], coping skills/psychological adjustment!

1 Coping is the effort to solve personal and interpersonal problems and
to seek ways to master, minimize and tolerate stress or conflict.
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[5], reflective thinking skills [6], motivation
and innovation skills [24], and metacognition
skills [2]. The findings from these research
studies suggest that there is a positive rela-
tion between problem-solving skills and those
skills; the increase of the former leads to the
improvement of the latter or vice versa.

During the last few years, the relation between
spatial thinking and problem-solving skills has
also been studied. However, these studies associ-
ate one element of spatial thinking (e.g. the type
of visual representation’) with a specific type of
problem-solving (e.g. mathematic or word prob-
lems). Boonen et al. [3] explored how the type of
visual representation and reading comprehension
is connected with verbal problem-solving. The
results indicated that reading comprehension and
spatial ability is associated in a greater extent to a
successful solution of a verbal problem than the
choice of type of visual representation. Mohring
et al. [27], investigated the ability of pre-school-
ers to locate targets and to reason about propor-
tions. Reasoning can be considered as a special
type of problem-solving. The results revealed
that proportional reasoning and spatial thinking
are highly correlated abilities.

Therefore, the above-mentioned research stud-
ies have highlighted the probable link between
spatial thinking and problem-solving skills.
Thus, further and more systematic research is
worth pursuing for connecting these two.

3. Problem-solving and spatial
thinking

Problem-solving is classified based on various
features, such as the amount of the information,
the clarity of the statements, or the possible an-

2 According to Hegarty et al. “Visual imagery refers to a representa-
tion of the visual appearance of an object, such as its shape, color, or
brightness, while spatial imagery refers to a representation of the spa-
tial relationships between parts of an object and the location of objects
in space or their movement” (p. 685). There are two types of visual
representations: pictorial which is associated with visual imagery and
visual-schematic which is associated with spatial imagery. [18]

swers. Fischer et al. [10] stated that problems
can be either analytic or interactive; analytic
problems provide all the nessecary information
to the solver and usually have one single choice
while interactive problems engage the solver to
uncover some of the information needed and
multiplie choices are available. On the other
hand, Mayer distinguishes: (a) well defined
problems where the given state, the goal state,
and the set of operators are well defined and (b)
ill-defined problems where the goal state and
the operators are not clearly specified [25]. If
the problem has one single correct answer then
it is characterized as convergent, otherwise if it
has more than one correct answer it is classi-
fied as divergent. Fig. 1 shows an example of an
analytic, well-defined, divergent problem.

P T i

Figure 1. “Traffic” item from PISA’s 2012 questionnaire [34]

Problem-solving is accomplished in two phas-
es: (a) problem representation and (b) prob-
lem solution. At the representation phase, the
solver identifies the issue to be resolved and
creates a representation of it (including all
the available information about the problem,
knowledge about the possible set of opera-
tors that will be used, and existing knowledge
if the solver has faced similar situations). At
the solution phase, the solver designs a pos-
sible solution and executes it. Most of the
times, building an appropriate representation
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of the problem (including internal and external
forms of representation) is vital for successful-
ly solving everyday problems [35]. However,
the creation of an adequate visual representa-
tion of the problem is not an easy process. For
example, children find it difficult to mentally
represent a word problem [39].

The contribution of spatial thinking at both
phases may be very valuable. At the represen-
tation phase, the solver should generate and
manipulate mental representations of the prob-
lem in order to thoroughly study and under-
stand it. At the solution phase, the solver could
spatially represent the solution of the problem
using graphs for example [26].

3.1. Discipline-based problem-solving and
spatial thinking

Spatial thinking and more specific visual-
spatial abilities play a crucial role in many
disciplines (physics, chemistry, biology, en-
gineering and geoscienses). For example, the
discovery of the double helical structure of the
DNA molecular by Watson and Crick or the
general and special theories of relativity by
Einstein constituted scientific advances that
rely on the ability to visualize scientific phe-
nomena and manipulate these abstract images.

According to a report of U.S. National Re-
search Council regarding Discipline-Based
Education Research, visual representations
and spatial thinking can promote conceptual
knowledge and have a great influence in the
development of high order problem-solving
skills in various disciplines [28].

In particular, Johnson [19] argued that the abil-
ity to mentally rotate various objects is highly
related with solving mathematical problems
(geometry and complex mathematical word
problems). Spatial thinking is also highly re-
lated to mechanics or kinematic problems
(problems that examine the motion of objects in
space over time) and in a lesser extent to prob-
lems from the subfield of electricity or magnet-

ism [40]. Chemists rely on spatial thinking to
visualize 3D structures based on 2D representa-
tions, mentally rotate and reflect molecules and
identify and characterize stereo centers [17].

3.2. Spatial dimension of PISA’s problem-
solving questionnaire

The relation between spatial thinking and the
ability to solve problems in various scientific
fields was well studied and analyzed by re-
searchers. A question worth pursuing is wheth-
er spatial thinking finds its way into problem-
solving tasks. For this purpose, questionnaires
developed by the Programme for International
Student Assessment (PISA), addressing 15
years old students, were analyzed.

PISA 2012 focuses on literacy in mathematics,
while PISA 2015 focuses on literacy in scienc-
es and for first time introduced Collaborative
Problem-Solving (CPS). According to PISA’s
draft framework CPS is defined as “the capac-
ity of an individual to effectively engage in a
process whereby two or more agents attempt to
solve a problem by sharing the understanding
and effort required to come to a solution and
pooling their knowledge, skills and efforts to
reach that solution” (p. 49) [32].

PISA’s 2012 problem-solving questionnaire con-
sists of 4 core units with 16 measurable students’
actions (items) in total and each core unit lasts
for 20 minutes [34]. On the other hand, PISA’s
2015 questionnaire [33], contains 35 items of
problem-solving and 44 of CPS. The majority of
the items engage students in explaining various
graphs, analyzing data from tables, and making
inferences about the phenomena that they study.

The questionnaires were analysed based on the
geospatial task ontology, which was developed
by Golledge et al. [11, 12]. In their effort to
match geospatial concepts with geographic
educational needs, they created an ontology
which consists of 45 geospatial concepts or-
ganized in five categories, from basic concepts
called primitives to complex ones, which are
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4™ order derivatives. Later, Grossner [16] add-
ed several other concepts (from the field of ge-
ography and geology) to the initial list reach-
ing a total number of 98. However, he did not
include some of the concepts from Golledge’s
initial list. Charcharos [4] based on the list of
Golledge and Grossner created an enriched list
with 131 concepts while keeping the original
categorization, to accommodate the complexi-
ty and diversity of the geospatial domain. These
concepts came from Geography Information
Science and Technology Body of Knowledge
(GIS&T BoK), Teachspatial, Schools Online
Thesaurus (ScOT) kai ITS Education.
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Figure 2. Golledge’s initial and enriched list of geospatial concepts [4]

Fig. 2 displays the initial list of Golledge’s
geospatial concepts (words in black) and the
enriched list (words in red). As it can be seen
from Fig. 2 the 4" order derivative “distortion”
has as prerequisites the primitive “magnitude”,
the 1% order derivatives “shape” and “area”
(with the mathematical meaning of the term),
the 2" order derivatives “angle”, and the 3™
order derivatives “representation” and “map”
(all these concepts are marked with a red circle
in Fig. 2 while with blue circle are marked the
prerequisites concepts for “network™).

Golledge tested his geospatial task ontology
and the results (Fig. 3) showed that at the age
of 10 children can understand 2™ order de-

rivatives (“pattern”, “coordinates”, “reference
frame”, “distribution” etc.) while at the age of

15 can fully comprehend 3™ order derivatives
(“map”, “scale”, “overlay”) and partially com-
prehend 4™ order derivatives (“projection”,
“interpolation”). Children of this age face dif-
ficulties to conquer other concepts of this com-

plexity level such as “spatial association” [12].

expelation
Global Warming
Spatial Associstion
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Complex X X X
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Figure 3. Age range of various geospatial concepts [12]

3.2.1 PISA’s 2012 questionnaire

Fig. 1 shows a sample item from PISA’s 2012
questionnaire. Clearly, this question has a
spatial dimension because the solver needs
to evaluate different possibilities using a net-
work diagram in order to find a meeting point
that satisfies a condition on travel times for
all three participants in a meeting. This item
includes various geospatial concepts such as,
location, connection, link, linked, connectivity
and network.

Two other sample items from the same ques-
tionnaire are Question 2 and Question 6. In
Question 2, the solver needs to find the short-
est path in terms of time between two distant
locations on a map using again a network dia-
gram. This item includes the previously men-
tioned concepts from the sample item of Fig.
1 and also introduces the concept of shortest
time or its spatial equivalent shortest path.

In Question 6, the solver needs to create a co-
herent mental representation of the problem, to
imagine the behavior of the robot, to identify
the relevant factors in the problem and their

65



INSPIRING SCIENCE EDUCATION

66

interrelationships and then to conclude that the
robot will push the yellow block until it meets a
wall or a red block and that it turns 180 degrees.

3.2.1 PISA’s 2012 questionnaire

Regarding problem-solving, in the item “Bee
Colony Collapse Disorder”, students are asked
to explain why the disappearance of bees
might result in a decline in bird population. In
the item “Fossil Fuels” students explore the re-
lationship between burning of fossil fuels and
COz2 levels in the atmosphere. Through these
items, students understand the concept of spa-
tial association.

The spatial dimension is also evident in the item
entitled “Volcanic Eruptions” (Fig. 4). This item
focuses on the distribution pattern of volcanoes
and the impact of volcanic eruptions on cli-
mate and the atmosphere. Students are asked to
choose which location is least likely to experi-
ence seismic or volcanic activity based on the
maps on the right side of Fig. 4. This item in-
cludes the primitive location and various deriv-
atives such as distribution, pattern, map, area,
representation, and spatial association.
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Figure 4. “Volcanic Eruptions” item [33]

The item “Groundwater Extraction and Earth-
quakes” is more advanced than the previous
ones, because excepts from maps and their re-
lated concepts it also introduces the concepts
of legend, symbolization and isolines (Fig.

5). In order to fully understand how tectonic
plates create rifts and earthquakes, students
should also use higher cognitive abilities such
as spatial visualization, because they should
create a mental representation of tectonic
plates and then imagine how they move and
how such movements relate to earthquake ac-
tivity.
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Figure 5. “Groundwater extraction and earthquakes” item [33]

The item “Blue Power Plant” focuses on a
power plant that uses the differences in the
salt concentration between salt water and fresh
water to generate electricity and introduces
the “spatial” concepts of connectivity and net-
work.

On the other hand, CPS includes chat-based
tasks where students interact with one or more
agents, or simulated team members, to solve
a problem promoting collaborating and organ-
izing skills. In the “Visit” item, a group of in-
ternational students is coming to visit the stu-
dents’ school, so they are asked to accomplish
three tasks: (a) plan the visit, (b) assign visi-
tors to guides and (c¢) respond to an unexpected
problem that will arise.

At the first phase of this item, students should
decide which location among three choices is
the best for showing to the foreign students.
This phase has partly a spatial dimension: at
some point, students conclude that one of the
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three choices is far away from their school and
they will not meet the time criteria imposed to
them. This implies the concept of zone of in-
fluence (buffer) because students should create
a “2-hours’ time zone” around the school and
examine which of the three available locations
intersects with it.

3.3. Spatial and problem-solving aspects of
video games

During the last few decades, due to techno-
logical development, there is a transition from
board games to video games. There are plenty
of genres such as puzzle, strategic, action or
massively multiplayer online role-playing
games (MMORPGs), etc. All these genres
have been associated namely with entertain-
ment, but have also various others benefits,
such as the enhancement of perceptual and
cognitive abilities [22], the development of
spatial reasoning and mental rotation skills [9].

Action video games and MMORPGs are dis-
tinguished from other genres because they
emphasize at physical challenges, including
hand-eye coordination and reaction time. In
other words, players should manipulate sev-
eral items (except from their avatar®) that enter
or exit their visual fields and react quickly in
order to interact with these items [15].

Experienced game players, especially those
who often play action video games, have better
performance (in terms of accuracy and speed)
in numerous cognitive and visual-perceptual
tasks [23]. In addition, experienced players
tend to track more objects at once, filter out
irrelevant visual information and predict with
higher accuracy how 3-dimensional objects
would appear when rotated.

Oei et al. [31] investigated whether action and
non-action video games enhance executive

3 In action video games and MMORPGs the player controls the avatar
of a character. The avatar navigates through various levels, collects
objects, avoids obstacles and battles enemies.

function*. Their results indicated a link be-
tween action video games and enhanced atten-
tion and visual-perceptual skills of players who
engaged with the game “Cut the Rope™ (Fig.
6). In particular, this game improved executive
brain functions, which include memory, deci-
sion-making, planning, and problem-solving.

Furthermore, similar puzzle games to “Cut the
Rope” such as “Where’s my water” or “Pud-
ding Monsters” rely on spatial visualization
and especially on mental animation for solv-
ing problems [36]. For example, in Fig. 6 the
player should mentally visualize the motion
and movement of the candy in order to collect
all three stars and feed the little green monster.

Figure 6. “Cut the Rope” snapshot

The interactive, decision-affecting environ-
ment of action video games and MMORPGs
constitute an excellent tool for improving
spatial reasoning and navigation (Fig. 7), de-
veloping problem-solving and quick-think-
ing skills, enhancing perception, improving
decision-making [14]. For example, strategic
video games such as “Command & Conquer:
Red Alert” or “Civilization” help children to
improve their problem-solving skills with con-
sequent increase of their school grades [ibid].

4 Executive functions are cognitive skills, that are used to organize
thoughts and information and to act to novel situations. They are
crucial for high order planning, reasoning and problem-solving [7].
In terms of a video game, they include task switching and stimulus-
response interference.

5 “Cut the Rope” is a physics-based puzzle video game, the objective of
which is to feed candy to a little green creature while collecting stars.
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Figure 7. 3D spatial navigation in “Space Engineers” game

MMORPGS are more complex than the previ-
ous ones because they represent a massive vir-
tual world, in which the player interacts with
other friendly players and collaborate with
them in order to accomplish various individu-
ally or collaborative missions with different
complexity levels (here the concepts of prob-
lem solving and CPS are implied).

For example, as depicted in Fig. 8, the player
uses two different maps at scale (see the bot-
tom right corner of Fig. 8) to navigate in the
area or between different realms. In addition,
the player should calculate approximately the
distance between the others players in order to
execute various spells and hits. This genre has
clearly a spatial aspect because it engages the
player to subconsciously deal with the concepts
of location, space-time, direction, orientation,
distance, proximity, area, rotation, map, naviga-
tion, representation, scale and virtual reality.

Figure 8. “Aion” gameplay snapshot

4. Conclusion

Problem-solving is a crucial skill that helps in-
dividuals dealing with various problems in their
everyday life. The paper examined the relation
between spatial thinking and problem solving
skills based on PISA’s 2012 and 2015 problem-
solving questionnaires and video games.

More particular, in PISA’s 2015 questionnaire 5
out of 8 core items have a spatial dimension and
3 out of 5 are purely spatial. In the core items,
various spatial concepts were included from
primitives (location) to 4" order derivatives or
complex concepts (spatial association). Howev-
er, according to Golledge et al. [12] it is uncertain
whether students may fully grasp the concept of
spatial association which implied at “Bee Colony
Collapse Disorder” and “Fossil Fuels” items be-
cause this concept addresses to older children.

Regarding the spatial and problem-solving as-
pects of video games, there are clues that such
a relation exists and video games can contribute
to enhancing these skills. That link provides the
grounding for enhancing spatial thinking in for-
mal learning settings, through gamification, with
the aim of educating the future skilled students.

Although spatial thinking and problem-solving
seem to be closely related, further evidence is
needed to verify that relation. Future research in-
cludes the design and implementation of an ex-
periment for testing spatial skills in correlation to
problem-solving skills and examining the relative
contribution of spatial thinking to problem-solving.
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Abstract

Inspiring Science Education (ISE) learning
scenario incorporates an inquiry model sup-
porting learners’ creation and discussion of
their ideas. Randomness and object motion are
important science concepts, albeit difficult to
learn. Computational representations enable
us to introduce discrete and qualitative forms
of modelling, which can support teaching and
learning of complex subject. Two previously
developed activities on randomness and fall-
ing objects have been adapted to ISE author-
ing tool. The adaptation has the aim of mak-
ing available research results while ensuring
autonomous use by the teacher. We are cur-
rently testing demonstrators in Italian schools
to gather evidence on their use in classrooms.

Keywords

Computational model, ISE learning scenario,
inquiry scaffolding.

1. Introduction

1.1 ISE inquiry model

Linn, Davis & Bell [1] define inquiry as “the
intentional process of diagnosing problems, cri-

augusto@jitd.cnr.it, pastore@itd.cnr.it

tiquing experiments, distinguishing alternatives,
planning investigations, researching conjectures,
searching for information, constructing models,
debating with peers, and forming coherent ar-
guments. In science inquiry projects, students
communicate about scientific topics, evaluate
scientific texts, conduct investigations, ask ques-
tions about science or technology policies, cre-
ate designs, and critique arguments, often using
technology resources”. The Inspiring Science
Education approach to inquiry adds a model to
structure the scenario and lesson plans of the
teachers based on five learning activities (Fig.
1). “ISE does not perceive learning by inquiry as
following specific step-by-step instructions in a
linear sequence of activities, but rather as experi-
encing activities that blend and merge together. ...
highly structured and more open-ended inquiries
both have their place in science classrooms”. [2]

Orienting &
Asking questions

Conclusion Hypothesis

& gencration

m n . & Design
Analysis & Planning &
Interpretation Investigation

Figure 1: ISE Inquiry model.
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An inquiry model template might scaffold the
teaching/learning process of science if it becomes
the map of classroom activities, encompassing
collaborative discourse and argumentation of
the investigation at hand, shared by teacher and
learners. During their activities, students should
keep track of: questions or purposes of the inves-
tigation; predictions; data collected, analysis of
the data, emerging ideas and reflections. Class
discussions might be organized to compare and
discuss the records of predictions, hypotheses,
data and interpretations. Opportunities for stu-
dents to engage in collaborative discourse and
argumentation offer a means of enhancing stu-
dents’ conceptual understanding and their skills
and capabilities in scientific reasoning [3].

1.2. Learning Scenarios

In the following, we present two learning sce-
narios based on ISE inquiry model (Fig. 1).

In our view, an important aspect is how teacher
use the ISE inquiry model to foster and sup-
port discussion and reflection in class. Thus,
we allocate tasks to individual, small group
or class for each learning activity and provide
details on how they should be done in order
to create the conditions for fruitful discussion.
For instance, tasks there are likely to produce
more than one answer should be favored for
discussion. To this end we ask students to
record the output of each task in reports that
form the basis for discussion. We advise the
teacher to conduct classroom discussion at end
of the “Hypothesis Generation & Design” and
“Analysis & Interpretation”. Classroom dis-
cussions are important to agree on how to con-
duct the inquiry and to assess if there is a need
to repeat the investigation phase. Examples of
tasks for individual, small group, classroom as
well as teacher role in the context of learning
scenario are provided in section 3.1.

“Guess my Garden” and “Falling objects” are
two scenarios promoting learners’ creation, revi-
sion and discussion of their models about, respec-
tively, random phenomena and free fall motion.

Random phenomena and object’s motion near
the earth are two subjects present in the curricula
of primary and secondary education, encompass-
ing key concepts in science. These concepts are
known to be difficult to approach for both teach-
er and students. Interactive dynamic simulation
can help making the abstract concrete and sup-
port student construction of models [4]. “Guess
my Garden” and “Falling objects” derive from
previous research projects; “Guess my garden”
was developed within the WebLabs EU Project
[5]Cyprus”,”page”:”712-721”,”source”:”"HAL
Archives Ouvertes”,”event”:’Fifth Congress
of the European Society for Research in Math-
ematics Education (CERME 5, “Falling Body”
is inspired by research done by the Boxer group
directed by Andrea di Sessa at Berkeley [6]. Both
activities were developed on the basis of an in-
novative approach: in “Falling body” students
use computational environment to build models
of free fall motion. In “guess my Garden”, pu-
pils share models to develop random phenomena
concepts.

Falling Object: Developing models of phenom-
ena by students learning science is advocated,
but difficult to pursue due to the complexity of
dealing with the required math (i.e. algebra and
calculus). “Programming-based representations
might be easier for students to understand than
equation-based representations” [7] for the pur-
poses of physics instruction, algebraic notation
with a programming language. Whatis novel is
that, more than previous work, I take seriously
the possibility that a programming language can
function as the principle representational system
for physics instruction. This means treating pro-
gramming as potentially having a similar status
and performing a similar function to algebraic
notation in physics learning. In order to address
the implications of replacing the usual notation-
al system with programming, I begin with two
informal conjectures: (1 “... laws of nature ex-
pressed as simple programs can be run, and stu-
dents can see the effects of the laws, for example
in actual motion of objects. In developing their
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own versions of laws, students can see, consid-
er, and react to their symbolic hypotheses” [6].
Based on the ideas outlined above Andrea di Ses-
sa developed an activity on falling body where
students reconstructed Galileo’s law by writing
programs. Students are asked to write a program
simulating the motion of a ball dropped from
someone’s hand. The simulation is constructed
(Fig. 2) using a tick model, i.e. at each tick of the
clock we calculate the new velocity and positon
of the ball. Since the tick of our clock is the basic
unit of time we multiply by 1, so we can leave
out the time interval from our calculations. For
constant velocity we just add the velocity to the
position; for constant acceleration we update the
velocity adding the acceleration. Combining the
two instructions we get a model of free fall.

Fig. 2 shows Scratch implementation of the
tick model. By repeating the instructions, the
ball is animated while the “dot” command
leaves a mark at its current location. Students
construct their model interacting with the out-
put of their developing definition.

. T

B o8 omoEssEm

Figure 2: Tick model of free fall

Depending on the age and time available, the
activity includes developing simulation of:
dropping a ball, tossing a ball, and dropping a
ball with non-negligible air resistance.

This activity has been replicated by Di Sessa
group in many classrooms, from late elemen-
tary school through high school. Furthermore,
Di Sessa “Falling Object” has inspired a simi-
lar activity developed by Alan Kay [8].

Guess my Garden: Guess my Garden has the

objective to cross the difficulties of pupils to
understand probability by standard approaches
[9;10]. The activity was based on a microw-
orld, the Random Garden, for representing
random generators manipulating their sample
space (i.e. the list of all possible outcomes of
the generator); thus a dice is modelled by in-
serting the number 1 to 6, un unfair dice will
have some numbers replicated, etc.

A random generator (Fig. 3) is an artefact that
extracts at random one of the item it contains.
The item extracted is automatically reinserted
after the extraction.
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Figure 3: A random number generator

The activities do not guarantee that the mean-
ings constructed by the pupils are coherent with
mathematics or with the teacher’s educational
goals. Such coherence should be achieved by
means of mathematical class discussions or-
chestrated by the teacher [11].

This lesson plan was executed in different
middle Italian school by a teacher with the as-
sistance of researchers [12].

2. Classroom testing

A new version of the two learning scenarios
“Guess my Garden” and “Falling object” has
been developed for ISE authoring tools, aim-
ing at making the activities independent of
the presence of researchers. To this end the
two activities were restructured following the
approach described above. Furthermore, the
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modelling aspect of the activities have been re-
implemented since they are based on program-
ming environments no longer available (Toon-
Talk [13] for Guess my Garden and Boxer [14]
for Falling Body). In the new version we use
Scratch [15] a cloud based programming envi-
ronment that runs on a browser.

Both scenarios are based on the results of pre-
vious projects. A common characteristic of
activity developed within research project is
involvement of researchers in classroom test-
ing. The research phase aims to overcome ma-
jor learner difficulties within a subject domain
through innovative approach. Part of the inno-
vation implies a different role for the teacher in
the classroom i.e. from instructors to guide of
the students’ inquiry activity. This point is cru-
cial for the success of the same activity when
scaled up to actual classroom situation.

By analysing classroom testing done in the re-
search phase of the two proposed activities we
have identified some critical aspect of educa-
tional scenarios:

Students should be allowed take different ap-
proaches and make errors. Both are important
elements of a learning process and key ele-
ments of a fruitful discussion. The teacher role
is more of a guide than that of an instructor.

On-line activities and use of computers tools
should be complemented by reflections on
their results by production of written reports.

The two lesson plans assume the use of tools
like modelling and simulations. Familiarity
with the tool is a key to the learning process.
L.e. time should be allocated for non-casual en-
counter with the tool.

The transposition of the original research ac-
tivities into the ISE learning scenarios attempts
to scaffold the learners via a strong structuring
of the activities with emphasis on group dis-
cussion and reflection.

The ISE authoring tool allows us to incorporate

problem solving questions within the learning
scenario. The delivery and analysis of the test
is automatized allowing the teacher to monitor
their class average performance and compare
it to current PISA results on problem solving.
Here is an example of problem solving ques-
tion of “Guess my Garden™:

“The random garden configuration that is
equivalent to a game of two dices has:

36 items in total. Throwing two dice we can
get a total of 36 different combinations since
each die has 6 possible outcomes.

One instance of 2 and one of 12, since there
is only one possibility to get them: (1,1) and
(6,6).

7 as the most repeated item. Because this the
item with the largest number of possible com-
bination: (1,6), (6,1), (2,5), (5,2), (3,4), (4,3).”

Note that all answers are correct, while answer
a) corresponds to high performance; b) to low;
¢) to moderate.

This built in feature of the ISE environment
will help us assess the scalability of our ap-
proach. In addition, we will use the Nature of
Science [16] pre/post test to assess students
change of perception on the experimental sci-
ence practices. We will collect students writ-
ten reports to monitor the actual unfolding of
the inquiry processes Finally we will gather
information on the teacher role in delivering
the scenario with the classroom to assess the
teacher dependent part of the approach.

If all conditions describe above will be ful-
filled, we expect to record a significant dif-
ference in student’s response between pre and
post test on nature of science. Moreover, av-
erage of answer to problem solving question
shall be similar or above to European mean
value based on PISA 2012 Framework. Other
useful information will be obtained by analys-
ing student’s reports to observe the evolution
of ideas, language, and science concepts.
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To test our hypothesises we sent a call to school
aimed at recruiting between 5 and 10 Italian
middle school teachers located in Genoa. We
are currently testing the activities with 8 lo-
cal teachers. Only one out of eight expressed
an interest in testing “Falling Object”, this is
likely due to the stress of the Italian curriculum
on probability while the physics and math of
motion at the lower secondary level is consid-
ered optional for in depth treatment. As a con-
sequence, we will only focus on data coming
from the “Guess my Garden” trial to assess our
hypothesis.

The remaining of the paper discusses the ad-
aptation of the original activities to the ISE
context.

3. Guess my Garden

In this section a brief description of the edu-
cational scenario’s learning activities is pro-
vided.

SMALL TALK (Orienting & Asking Question):
The first two phases of experiment involve re-
flective and practical activities aiming at ex-
ploration and consolidation of some key issues
related to randomness (e.g. unpredictability,
fairness, indeterminism, random walks, etc.).
In the first phase pupils collect, propose, and
analyse sentences, talks, and episodes related
to randomness. Pupils write individual reports
and discuss some of the emerging items with
the rest of the class. Each considered item is
discussed in terms of key questions such as “is
it random or not?”, or “is it predictable or not”.
The results of the discussions are reported in a
shared class document.

RANDOM WALK (Hypothesis Generation
& design): The second phase is based on the
simulation of a random walk (fig. 3). In the
original “Guess my Garden”, the random walk
was done with LEGO robots: students built the
robot and play with it [17]. The robotic parts
of the original activity have been removed to

facilitate the adoption of the activity reduc-
ing the required lab resources and time. In the
simulation, each step of the car is controlled
by the toss of a coin: if head move forward,
else move back (Fig. 4). Before play with the
car, students predict if the car might fall off the
table. The fall of the car is a counter-intuitive
hypothesis not supported by everyday experi-
ence. After experimenting with the simulation,
either individually or in small group, the stu-
dents write a report of their experiments. The
reports are used by the teacher to promote a
classroom discussion.

total_tosses B0

Can i tal?

+ hmghezza:2 |

Figure 4: The random walk simulation

RANDOM GARDEN (Planning & Investiga-
tion): The Random Garden is a microworld,
for representing random extraction processes.
By modifying the list of items in the “random
garden” the students manipulate the sample
space of their random generator (Fig. 3). In this
activity students work in small groups. One
group design a random generator while anoth-
er attempts to predict its content by analysing
the extractions. Students alternatively play the
role of garden’s builder and garden guesser. To
analyse the extractions students copy the list of
extractions in a spreadsheet to count and plot
the number of individual occurrences of the
extractions. The original ToonTalk implemen-
tation used specific capabilities of this pro-
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gramming environment to implement both the
random generator and analysis tool in the same
environment. In ISE we choose to simplify the
programming side moving the analysis into a
tool more familiar and transparent to teach-
ers. Again, the students build a report on what
characteristics make a garden easy or difficult
to guess and the strategy used for guessing it.

GUESS MY GARDEN (Analysis & Interpreta-
tion): The “Guess my Garden” game. can be
organized as a contest within a class, several
classes or schools. The rules of the game set a
limit to the number of item in the garden (e.g.
12) and the time for guessing. The team that
discover the content of the opponent with the
least number of extractions or less time wins.
After the game the teacher design a test based
on the random generator proposed for the
game to foster a discussion leading to a defini-
tion of probability associated with the content
of a sample space. The game is an important
part of the educational scenario engaging stu-
dents in motivating activities that allow for an
extensive exposure and investigation of the
tool. The rigid set of rule provide scaffolding
for guiding the exploration of the activity. A
familiarity with the affordances of the random
garden is a prerequisite for successful inquiry.

RANDOMPEDIA (Conclusion & Evaluation):
The inquiry on randomness is concluded by
combining the previous reports in a final docu-
ment written following an encyclopaedic en-
try stile (for example those in Wikipedia, as
suggested by the name chosen for this activ-
ity). If possible, the document should be writ-
ten for an audience and include references to
textbook descriptions of the subject at hand. In
this phase the traditional instructor role of the
teacher is prominent.

3.1. Inquiry in Guess my garden

The “Guess my Garden” learning scenario in
ISE includes a detailed guide on how to struc-
ture the activities, the tasks for the various ac-
tors involved, and reminder for the preferred

teacher role in a given task. Table 1 summa-
rizes the content of the teacher guidance in the
scenario.

The table schematically reports a brief descrip-
tion of the actors’ tasks for each learning activ-
ity of the ISE inquiry model.

Table 1: Guess my garden lesson plan.

Small talk (1 hours)
Actors Task

Describe everyday situations
involving randomness in a
report

Individual

Small talk about random,
main results of discussions
are reported in a shared class
document.

Whole class

Introducing random/non-
random and predictable/non-
predictable classification and
motivating students.

Random walk (2 hours)
Actors Task
Students experiment with
Individual/ | the random walk simulation;

Small group | collect data of actual coin’s
tosses; and write a report.

Teacher

Classroom discussion and
Whole class | report on both results of ran-
dom walk and coin’s tosses.

Assistant and guide class-
room discussion

Random Garden (2hours)
Actors Task

Pupils become friendly with
random garden and plan the
Small group | group strategy for the next
game. All information must
be write on a report

Teacher

Teacher Assistant

Guess my garden (2 hours)
Actors Task
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Analyse the extractions and
guess the garden. Formulate
of a strategy for the next
game.

Small group

Classroom discussion about
garden, components of gar-
den to be hard to solve, the
concepts used for guess, how
many extractions are neces-
sary.

Judge of the game. Provides
students with examples of
gardens to solve. Assistant
during discussion.

Whole class

Teacher

Randompedia (1hour)
Task
Randompedia report

Actors
Whole class

Ensure correctness of content
including proper reference to
text book

Teacher

4. Conclusion

A new version of the two learning scenario
“Guess my Garden” and “Falling object” has
been developed for ISE authoring tools.

The adaptation has the aim of making avail-
able innovative approaches from previous re-
search while ensuring autonomous use by the
teacher in standard classroom settings.

The inquiry model incorporated in ISE the au-
thoring and delivery tool provides a template
for guiding the activity. Guidelines for the
teacher have been developed and incorporated
in the educational scenario. We assume that
this transposition may foster they independent
use by teacher. In parallel, we have developed
a number of assessment measures to validate
our hypothesis. These measures include the
problem solving question building to the ISE
delivery tool, the Nature of Science pre/post
test, analysis of students written reports, inter-
views with the teacher to elicit their actual role

played in the phases of the learning scenario.

We are currently testing our approach with
Italian middle school teachers; the classroom
trial is in progress.
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Abstract

Students will follow the rover Curiosity on its
way to the red planet Mars by using the World
Wide Telescope.

The didactical approach is based on scientific
inquiry in order to give students the enjoyment
of finding out for themselves and initiates ap-
preciation of the nature of scientific activity, of
the power and the limitations of science.

The main question will be: Where is Curios-
ity now? The educational activity will benefit
of e-learning tools like World Wide Telescope-
WWT and some web resources.

Because students will have to solve a real prob-
lem of the humankind - finding a new house
for humans, they will have to accompany the
rover Curiosity on Mars. The final product of
the teams of students will be the presentation
of the journey slide show and of Mars bussines
card.

Keywords

Inquiry-based learning, ISE portal, World-
Wide Telescope, Research on Mars’ surface,
Curiosity rover.

1. Introduction — goal and aims of
the lesson

In this case students will have to follow the
rover Curiosity on its way to the red planet
Mars by using the World Wide Telescope.

This lesson is in connection with the following
Big Ideas of Science Education [1]:

6. The solar system is a very small part of one
of millions of galaxies in the Universe.

10. The diversity of organisms, living and ex-
tinct, is the result of evolution.

And it is also connected with:

11. Scientific explanations, theories and mod-
els are those that best fit the facts known at a
particular time.

12. The knowledge produced by science is
used in some technologies to create products
to serve human ends [1].

The main goal of this learning activity is that
students will gain experience in the use of
maps, measurements and observations to de-
termine location of objects. The aims are:

— Identifying questions that can be answered
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through scientific investigations.

— Documenting and exploring the Mars sur-
face by using the World Wide Telescope.

— Developing descriptions, explanations, pre-
dictions, and models using evidence.

— Thinking critically and logically to make the
relationships between evidence and explana-
tions.

— Communicating scientific procedures and
explanations.

— Presenting the main ideas of every team’s
project.

2. Description of the activities

The lesson is based on scientific inquiry in or-
der to give students the enjoyment of finding
out for themselves and initiates appreciation of
the nature of scientific activity, of the power
and the limitations of science [2].

The main question will be: Where is Curiosity
now?

Hypothesis: Is Mars planet appropriate for sus-
taining life as we know?

The educational activity will benefit of e-learn-
ing tools like WWT, and some web resources.
Because the students will have to solve a real
problem of the humankind they will have to
accompany the rover Curiosity on Mars.

The final product of the teams of students will
be the presentation of the slide show.

I*" learning activity: Making Mars business card
Task: Search on: http://space-facts.com/mars/

and also use World Wide Telescope in order to
complete Planet Mars business card!

Mars is the fourth planet from the Sun. Named
after the Roman god of war and often described
as the “Red Planet” due to its reddish appear-
ance, Mars is a terrestrial planet with a thin
atmosphere composed primarily of carbon di-
oxide. Mars and Earth have approximately the

same landmass. Even though Mars has only has
15% of the Earth’s volume and just over 10% of
the Earth’s, around two thirds of the Earths sur-
face is covered in water. Martian surface gravity
is only 37% of Earth’s (meaning you could leap
nearly three times higher on Mars).

Mars is home to the tallest mountain in the so-
lar system, Olympus Mons, a shield volcano,
is 21km high and 600km in diameter. Despite
having formed over billions of years, evidence
from volcanic lava flows is so recent many sci-
entists believe it could still be active.

2" learning activity: Mars Odyssey or trying
to conquer this planet

Task: Create a timeline of all the Martian mis-
sions.

Search on: http://mars.jpl.nasa.gov/
programmissions/missions/log/

Search also on: http://mars.jpl.nasa.gov/odyssey/
3 learning activity: The rover Curiosity on Mars

The Mars Science Laboratory will begin surface
operations soon after landing in August 2012
and continue for at least one Mars year (approx-
imately two Earth years). The overall scientific
goal of the mission is to explore and quantita-
tively assess a local region on Mars’ surface as
a potential habitat for life, past or present. The
MSL rover is designed to carry ten scientific in-
struments and a sample acquisition, processing,
and distribution system. The various payload
elements will work together to detect and study
potential sampling targets with remote and in
situ measurements; to acquire samples of rock,
soil, and atmosphere and analyze them in on
board analytical instruments; and to observe the
environment around the rover.

The MSL mission has four primary science
objectives to meet the overall habitability as-
sessment goal:

The first task is to assess the biological poten-
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tial of at least one target environment by de-
termining the nature and inventory of organic
carbon compounds, searching for the chemical
building blocks of life, and identifying features
that may record the actions of biologically rel-
evant processes.

The second task is to characterize the geology
of the landing region at all appropriate spatial
scales by investigating the chemical, isotopic,
and mineralogical composition of surface and
near-surface materials, and interpreting the
processes that have formed rocks and soils.

The third task is to investigate planetary pro-
cesses of relevance to past habitability (includ-
ing the role of water) by assessing the long
timescale atmospheric evolution and deter-
mining the present state, distribution, and cy-
cling of water and carbon dioxide.

The fourth task is to characterize the broad
spectrum of surface radiation, including galac-
tic cosmic radiation, solar proton events, and
secondary neutrons. (http://msl-scicorner.jpl.
nasa.gov/ScienceGoals/)

4" learning activity: Present your ideas regard-
ing the way to gain a new house for humans!

Students are ready to build a slide show by us-
ing a new tour in WWT, than to present their
ideas in front of the others.

Finally they will present the results of their
self-assessment.

Teaching according to the inquiry-based ap-
proach can stimulate students’ learning gains
and their interest in science. On the other side,
digital, interactive tools can be effectively
used to achieve these aims. [3].

Learning science by inquiry involves the learner
in raising research questions, generating a hy-
pothesis, designing experiments to verify them,
constructing and analyzing evidence-based ar-
guments, recognizing alternative explanations,
and communicating scientific arguments [4].

3. Inquiry-Based Science approach
of the lesson

This lesson is following the instructional
model of IBSE which consists of five learn-
ing activities: Orienting & Asking Questions;
Hypothesis Generation & Design; Planning &
Investigation; Analysis & Interpretation; and
Conclusion & Evaluation [2].

The first inquiry based approach consists of
wondering how to follow the rover Curiosity
on Mars surface? (Fig.1)

How to create Planet Mars Business Card?

How to create a timeline of all the Martian
missions?

What do we intend to find on Mars?

B ——

[ |
=

=

Figure 1. Orienting: Provide contact with the content and/or provoke
curiosity

Then: Can, or could, Mars support life?
How is the environment of Mars?

Use World Wide Telescope in order to search
on Mars surface!

Figure 2. Generation of Hypotheses or preliminary explanations

81



INSPIRING SCIENCE EDUCATION

82

For finding data about Mars you can search on
http://space-facts.com/mars/ and

http://www.windows2universe.org/mars/mars.html

Figure 3. Planning and investigation

For Analysis and Interpretation: the challenge is:
Search Mars surface and try to find if us, humans,
will be able to place a human settlement on Mars?

Figure 4. Analysis and Interpretation: Gather result from data

Finally students will present their ideas regarding
the way to gain a new house for humans on Mars,
after searching its surface by using World Wide Tel-
escope. Just run your slide show and explain what
you have discovered on Mars by using WorldWide
Telescope for accompanying Curiosity.

It seems that one day Mars could be the second
house for humans.

¥
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Figure 5. Conclude and communicate result/explanation

3. Testing: Following Curiosity on Mars Dem-
onstrator with students

Following Curiosity on Mars was designed for
3 class hours, in high school, 17-18 years old
students.

Figure 6. Students from “Grigore Moisil” National College testing rovers

It was tested with students from “Grigore
Moisil” National College — Bucharest, Roma-
nia. The registered videos during testing it can
be watched here:

https://www.youtube.com/
watch?v=klZeaDuXSnc

https://www.youtube.com/
watch?v=xXsL6k0HdCk

https://www.youtube.com/
watch?v=4UOsNx01 WwU

https://www.youtube.com/
watch?v=dWoaGkt22wo

https://www.youtube.com/
watch?v=FgOi50a7rLQ

4. Running Following Curiosity on
Mars

This demonstrator was presented in the two series
of training and demo workshops, one named “In-
spiring Science Lessons - Big Ideas of Science in
interdisciplinary approaches” and the other one
“Inspiring Science Experimental Approaches”.

The Training and demonstration workshops
“Inspiring Science Lessons - Big Ideas of Sci-
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ence in interdisciplinary approaches” in the In-
spiring Science Education Project were organ-
ized at: The Teachers House Valcea on 13" of
February 2016, The Prahova School Inspector-
ate and The Teachers House Prahova, on 20%
of February 2016, “Sfanta Varvara” Secondary
School from Aninoasa, Hunedoara on 27" of
February 2016, “Gheorghe Magheru” Second-
ary School from Caracal, Olt County on 12" of
March 2016, “Grigore Moisil” National Col-
lege from Bucharest, Romania, on 5" of March
2016 and 14% of March 2016, “Horia Hulubei”
High School, Magurele, Ilfov county on 17" on
March 2016 and Natanael High School from
Suceava, on 19" of March 2016.

Almost 400 teachers of Science participated in
the workshops.

Figure 7. Running Following Curiosity on Mars

5. Conclusions

The ISE Demonstrator Following Curiosity on
Mars was very appreciated in Romania, where
the transdisciplinary approaches are recog-
nized for increasing students motivation for
learning.

The applied questionnaires at the end of the
conducted workshops revealed that the ISE
Demonstrator Following Curiosity on Mars
has an approach of teaching and learning sci-
ence which has to be continued in Romania,
where we need more lessons scenarios and
more Problem Solving Questions.
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Abstract

Light can come from the sun, a flame or a light
bulb. It has many different meanings and could
mean many different things in different situa-
tions. As light is necessary to the existence of
life itself, mankind has made several attempts
to understand its nature and characteristics,
as well as to learn and control it.

We design and implement innovative education-
al activities relating light with common weather
phenomena such the rainbow. We also suggest
activities about the need for sunscreen use and
the important health concerns on sun exposure.

The goals are to spark students’ interest about
light by addressing topics which are frequently
seen in the wake of a rainstorm on one hand, and
of personal health significance on the other. This
paper presents the educational activities that
have designed and being implemented for stu-
dents from both primary and secondary educa-
tion. The educational scenarios are available on
Inspiring Science Education (ISE) Repositories.

Keywords

Environmental science, Light, Meteorological
phenomena, Solar radiation, Sun Protection.

evoukloutzi@yahoo.com

1. Introduction

STEM is everywhere; it shapes our everyday
experiences. Moreover, high quality STEM
experiences develop critical thinking skills,
increase science literacy, and enable the next
generation of innovators.

Thus, according to European Schoolnet (2), in
order to keep Europe growing, we will need
one million additional researchers by 2020.
The same time the US Bureau of Labor Statis-
tics (1) estimates that STEM professions will
expand 1.7 times faster than non-STEM occu-
pations between 2010 and 2020.

Following the above needs the European Un-
ion supports and implements a variety of im-
portant projects in STEM education — such as
ISE, Go-Lab, Scientix, etc.

In the above context, the International Year
of Light and Light-Based Technologies (IYL
2015) which was a global initiative adopted by
the United Nations (A/RES/68/221) and has
offered several opportunities during 2015. It
aimed to raise awareness of how optical tech-
nologies promote sustainable development
and provide solutions to worldwide challenges
in energy, education, agriculture, communica-
tions and health.
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Science education helps learners understand-
ing aspects of the world around them, both the
natural environment and that created through
application of science, serves not only to satisfy
— and at the same time to stimulate — curiosity
but helps individuals in their personal choices
affecting their health and enjoyment of the envi-
ronment as well as for their choice of career (3).

The educational activities presented, target
students from primary and secondary educa-
tion. To plan these didactical proposals we
have taken into account the national educa-
tional curriculum (7) and the Principles and
Big ideas of Science education (3) and Inquiry
Based Science Education (4).

The motivation was to help students watch,
understand, enjoy and marvel at the natural
world. Our educational objectives are from
the Bloom’s revised taxonomy (5). In order to
achieve our educational objectives, we integrate
Information and Communication Technology,
online simulations and other resources found in
Inspiring Science Education (ISE) repositories
and other online educational resources.

In this context we present two educational
scenarios from the field of science education -
environmental science awareness - that aspire
to awaken students’ curiosity to nature obser-
vation and science activities, enable them to
enjoy and understand science. Moreover it is
desirable to prepare reasoning skills and atti-
tudes to the future citizens of our world.

2. Rainbow formation as a physics
teaching proposal at elementary
schools

A Rainbow is a beautiful natural phenomenon
which continues to impress people all over the
world. It is caused by the interaction of sun-
light with small water drops in the atmosphere,
and it appears in the form of multicolored arcs.

Due to the curriculum, students in the 5th and 6th

grades of elementary school become familiar with
reflection and refraction of light (7). Following
the different phases of the inquiry learning sce-
nario that is presented, they recall what they have
learned, face a common natural phenomenon, con-
struct knowledge and develop links between their
science activities and the world around them (13).

2.1 Phase I - Orienting & Asking questions

Using a video and some photos we try to stim-
ulate student’s curiosity about the problem we
face. The learning topics are recognized and
the main variables are identified. (Fig.1)

P
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-

Figure 1. Using video and photos in the Orienting & Asking questions phase

*a

2.2 Phase II - Hypothesis Generation and Design

Students answer small questions, which guide
them to identify all the concepts which are re-
lated to the problem. They discuss about their
findings, and finally formulate their own re-
search question on the subject, and make spe-
cific hypothesis. (Fig.2)

Figure 2. Hypothesis Generation and Design

2.3 Phase I1I - Planning & Investigation

In this phase students are following a set of steps,
each one corresponding to a question. At first stu-
dents carry out a small experiment (6), in order to
discover both the law of reflection and refraction.
They next investigate and understand the mecha-
nism of the rainbow formation by light disper-
sion through a prism. Afterwards they investi-
gate in which position we can observe a rainbow.
(Fig.3 a, b, ¢).
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Figure 3. Planning & Investigation

Finally they investigate the color of the beam
that reaches the observer’s eye from every sin-
gle water drop using a simulation about rain-
bow formation (9) (Fig.3 d, e, f)

2.4 Phase V - Analysis & Interpretation

A “hands on” activity takes place. Students are
asked to draw the light path when it meets trav-
elling a surface of a new medium. This proce-
dure is needed to make meaning out of the col-
lected data and synthesizing new knowledge.

Figure 4. Analysis & Interpretation

2.5 Phase VI- Conclusion & Evaluation

Each team makes their own conclusions by an-
swering a set of questions which guide them
to picture out the outcomes of their research.
They discuss and finally present their work in
a collage or an electronic presentation.

3. Sun protection education as
an introduction to many different
curriculum areas.

Overexposure to ultraviolet (UV) radiation from
the sun and artificial sources is of considerable
public health concern. Children are particularly

at risk as sun exposure during childhood and ad-
olescence appears to set the stage for the devel-
opment of both melanoma and non-melanoma
skin cancers in later life and other health effects.

Schools are an excellent place to teach healthy
behaviors such as preventing overexposure to
UV radiation. More specifically children are
more acceptable to adapt new skills and be-
haviors — sun safe behaviors — in the school
environment (11).

In the following didactical proposal we hope to
arouse students’ curiosity about the consequenc-
es’ of sun exposure, prove the necessity of sun
protection and built attitudes and habits not only
for the school time but for their future life (14).

3.1 Phase I - Orienting & Asking questions

In this phase students are able to recognize the
learning topics. We trigger student’s curiosity
using videos relative to the subject. (Fig.5)

Figure 5. Using video in the Orienting & Asking questions phase

3.2 Phase II - Hypothesis Generation and
Design

Students formulate their own research question
on the subject by answering guided questions,
and discussing about their findings. (Fig.6)

Figure 6. Hypothesis Generation and Design
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3.3 Phase I1I - Planning & Investigation

During this phase students are following a set
of steps, each one corresponding to a question.
By watching videos, they learn fundamental
notions about sun, solar radiation and sun pro-
tection. Students discover the importance of
sun protection by watching a simulation about
solar rays reaching the earth during a year and
an experiment about ultraviolet radiation de-
tection.

Figure 7. Planning & Investigation

Finally they take a quiz in order to discover
their skin type, according to the Fitzpatrick
Skin Type scale (12). (Fig. 3 a, b, c, d, e, 1).

3.4 Phase V - Analysis & Interpretation

Students conduct a small statistical analysis
by counting the number of students of each
Fitzpatrick Skin Type. They discuss the sun-
screen use (12).

3.5 Phase VI- Conclusion & Evaluation

At the classroom we present our conclusions
to each other and we discussed about the fi-
nal results of our project. The extension of our
knowledge is accomplished by presenting an
everyday agricultural activity. (Fig. 8)
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Figure 8. Discussion

3. Conclusion

From the didactic point of view, both the
topics of the rainbow formation and the sun
protection involve scientific inquiry (search,
describe, explain, predict a natural phenom-
enon), scientific literacy (speaking, listening,
interpreting, reading and writing about sci-
ence) and scientific numeracy (maths provide
tools for description, analysis and presentation
(8). They can become a rise for awesome ac-
tivities including science and art.

In summary, we state that the above education-
al scenarios lead students working in teams as
researchers, questioning and exploring a cer-
tain subject, and result their own conclusions.

It will possible be a valuable teaching aid for
teachers who believe in the role of science in
daily life. Particularly to ones who support that
early science education should enable every
individual to become an informed citizen who
can take decisions and appropriate actions that
affect positive their own lives, the society and
the natural environment.

Additionally, it may lead more students to
choose studying science and take up occupa-
tions requiring scientific knowledge.
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Abstract

The Rosetta Stone is a granodiorite stele, found
in a small village in the Delta called Rosetta,
with writing on it in two languages (Egyptian and
Greek), using three scripts (hieroglyphic, demot-
ic and Greek) with a decree issued at Memphis,
Egypt, in 196 BC on behalf of King Ptolemy V.
Because it presents essentially the same text in
all three scripts (with some minor differences
among them), the stone provided the key to the
modern understanding of Egyptian hieroglyphs.
The demonstrator implies the idea to learn a lan-
guage, through immersion, as a direct result of
being a part of the culture and the world of the
country of the respective language, instead of
sitting in a classroom. To use computer technol-
ogy to simulate the way that people learn their
native language—with pictures and sounds in
context, and with no translation. As a result, we
use the idea of the Rosetta stone phenomena to
elaborate interactive technology-based learning
solutions that are dedicated to changing people's
lives through the power of language and literacy
education.

Keywords

Demonstrator, Rosetta Stone assessment, prob-
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lem solving skills, technology-based learning,
Egyptian script

1. Introduction

The ISE project funded by the EU aims to
develop key competencies. Each competency
should be seen as a combination of three ele-
ments (knowledge, skills and attitudes) knowl-
edge of which varies depending on the context
requires.

ISE Demonstrators are part of service-oriented
architecture where learning experiences are
dynamically constructed taking into account
user profiles and pedagogical templates based
on inquiry based science methods.

2. Learning objects

Current developments in eLearning have
promoted the concept of reusable learning
objects. Traditionally, learning was organ-
ized in lessons and courses covering prede-
fined objectives. In eLearning environments
the material is broken into smaller independ-
ent pieces named learning objects that can
be used as they are or in combination with
other material to form higher level objects
covering the learning needs of the users on
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demand and at the right time. In this context,
the fundamental idea behind learning objects
is that instructional designers can build small
instructional components that can be reused a
number of times in different learning contexts
[Wiley, 2002]. Learning objects are stand-
alone pieces of information that are reusable
in multiple contexts, depending on the needs
of the individual user. The important question
should be the granularity of such an object,
topic of many discussions. Different content
models addressing granularity of learning
objects are resulting in different implementa-
tions (reviewed by Verbert and Duval, 2004,
2008; Balatsoukas, Moris, and O’Brien,
2008). Also different pedagogical approaches
may be used, requiring different implemen-
tations of learning objects. Many times the
pedagogical approach is strictly bound with
the learning object, reducing the possibilities
for reusing this object in different contexts.

The proposed definition to be used for learn-
ing object is a collection of digital materials —
pictures, documents, simulations — coupled
with a clear and measurable learning objective.

The proposed definition to be used for learning
scenario is a priori description of a learning sit-
uation, independently of the underlying peda-
gogical approach. It describes its organization
with the goal of ensuring the appropriation of
a precise set of knowledge, competences or
skills. It may specify roles, activities and re-
quired resources, tools and services.

The proposed definition to be used for lesson
plan is instructor’s road map of what students
need to learn and how it will be done effec-
tively during the class time.

Based on these three definitions the authors
bring out the following definition for ISE
demonstrator: Realized learning scenario,
based on appropriate lesson plan(s), consist-
ing of learning objects, elaborated using in-
quiry based science methods.

3. What are the steps to elaborate a
new ISE Demonstrator?

A scientific demonstration is a scientific ex-
periment carried out for the purposes of dem-
onstrating scientific principles. In science
classrooms as well as in many other fields and
locations, models are used either as visual aids
or to demonstrate a principle or process. For
the realization of an ISE Demonstrator, we ad-
here to the scenario template and step-by-step
guidance for planning the lesson.

The authors used the five step scenario tem-
plate for the ISE Demonstrators:

Identifying the target audience and analyze
their needs was the first step for elaborating the
demonstrator. The important part was to define
the competence level of the targeted auditory
for the subject of the ISE Demonstrator and
their expectations on the outcomes. In the sec-
ond step was important to identify the learn-
ing needs of the target group and the expected
outcomes of the ISE Demonstrator. (When the
target audience is well known, one can deter-
mine their wants accurately and formulate the
ISE Demonstrator outcomes accordingly). The
learning outcomes shaped the goals of the ISE
Demonstrator. They were to be achieved by
means of objectives, formed like tasks imple-
mented in the ISE Demonstrator accordingly.
To pick the most relevant ones determining
the learning outcomes a DIF (using Difficult,
Important, Frequent parameters) analysis was
done. The third step included choosing the
situation for the ISE demonstrator forming the
appropriate level of interaction. Choosing the
appropriate type of ISE Demonstrator (Skill-
Based, Problem-Based, Issue-Based, Specu-
lative, or Gaming) formed the forth step. The
fifth step included the design of the ISE Dem-
onstrator from Identification of a realistic trig-
ger event, through creating a believable and
relatable protagonist toward turning feedback
into effective instructional tools. As shown on
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Fig. 1, specifying concrete objectives for stu-
dent learning helped to determine the kinds
of teaching and learning activities to be used
in class, while those activities defined how to
check whether the learning objectives have
been accomplished.

Fig. 1

In addition to keep ISE Demonstrator Qual-
ity standards on every step we had to take into
account the following criteria. The elaborated
ISE Demonstrators should be well-defined, in-
quiry based, working (with all links and mate-
rial available), simple to use, adopt and change.
They should be relevant, inspiring and motivat-
ing to learners and teachers, connected with real
world problems and to a Big Idea of Science.
The last, but very important step was the evalu-
ation process of the ISE Demonstrator.

4. How did we apply these steps
on the “Rosetta Stone” ISE
Demonstrator?

At some point during the fourth century, all
knowledge of ancient Egyptian scripts was
lost, leaving no method available to decipher
the language of hieroglyphics which had been
richly preserved on ancient Egyptian monu-
ments, stone tablets, and sheets of papyrus.
Fortunately, while on an expedition to Egypt
in 1799, Napoleon’s army discovered an arte-
fact which has become known as the Rosetta
Stone. This stone contained the inscription
of a decree issued in 196 BC by Ptolemy V
Epiphanes. The decree was repeated three

times in two languages, Greek and Egyptian,
with the Egyptian version appearing twice,
once in hieroglyphics and once in demotic, a
cursive form of the hieroglyphic script. For-
tunately, there is an abundance of information
on ancient Greek dialects and therefore, the
stone’s Greek version of the decree contained
the key to decipher the meaning of the ancient
Egyptian texts. Today, because of the Rosetta
Stone, we can interpret many ancient texts and
inscriptions of Egyptian hieroglyphic and de-
motic scripts found on sheets of papyrus and
monuments throughout Egypt.

One of the big challenge in crafting a learning
experience is figuring out how to engage the
learners. All groups of learners are different
from one another — they all learn in a different
way — they have different styles of learning.
There are many ways to create engaging and
interactive learning. The key is to engage the
learner and create an experience that is memo-
rable and enjoyable as well as educational.
Moreover, taking into account the previous
knowledge (background) of Learners can sig-
nificantly reduce learning time, since learning
activities that are intended to fulfill learning
goals that have been already fulfilled at a satis-
factory (for the Learner) level in the past could
be excluded from the learning experience. All
these factors have to be decided by the teacher
himself. Keeping in mind the objective and
subjective factors, the teacher can change the
lesson in depending education level.

The first step before we start the implementa-
tion of the scenario was to determine the age
category to which is directed the educational
material.

Ancient Egypt is of interest to small and large
pupils, since today is difficult to explain how
the Egyptians have reached such heights of de-
velopment of society, culture, art and construc-
tion, more than 3500 years BC. Restricting the
age category helps in determining the depth
of facts interpretation. Determinant of putting
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age limits are the national requirements for the
education program in “history and civiliza-
tion” of the Bulgarian school, where the 7-th
class is determined.

Since the material is not completely historical,
as it relates to language learning and linguis-
tics and art and methods such as induction,
analogy etc, it can be used in optional courses
and compulsory classes.

For the realization of the demonstrator, we ad-
here to the scenario template and step-by-step
guidance for planning the lesson taking into
account the requirements of the education pro-
gram in “history and civilization” of the Bul-
garian school for the 7-th class.

Formulated were some questions to verify the
general level of knowledge of the material re-
lated to the history of Egypt. Before answering
questions students were asked to track video to
recap the most important elements related to the
power of Egypt and the building of the pyramids.

The teacher was facilitated to draw the atten-
tion of students to the main purpose of the
lesson - Egyptian script and its main charac-
teristics and elements of the shaped letter - pic-
tograms and ideograms

Proposed were several tasks illustrating these
concepts. The main objective of these tasks was
to connect shaped letter use in everyday life e.g.
signs, road signs and emoticons. In the proposed
and elaborated tests was provided a field where
students could record their answers. It was elab-
orated with the Google form tool, which allows
the teacher to collect and analyze the submitted
responses. These tests were designed to test the
observation abilities of students in reading unfa-
miliar circuits or signs, which was an important
prerequisite for orientation in real life.

In the next step of the scenario, the teacher
gave factual opening and attempts to read the
Rosetta Stone. He directed students to the main
findings, which had made Champollion in his

discovery. A hypothesis was raised what could
be done to match hieroglyphic writing to the
Latin alphabet and thus planning the investiga-
tion how students could express their thoughts
by the means of Egyptian hieroglyphs. While
resolving the proposed tasks students them-
selves had to make the correlation between the
Latin alphabet and hieroglyphic writing.

Important part of the demonstrator was ori-
ented toward analysis and Interpretation. In
this phase of the lesson students were given
the opportunity to decipher and code texts. To
achieve this ability it was necessary to trans-
late the texts written in hieroglyphic letter in
English and then in Bulgaria and vice versa.
This exercise was very similar to the decipher-
ing of the Rosetta Stone, as Champollion did,
based on his knowledge of Greek and Cop-
tic languages and alphabets (the languages in
which the Egyptian inscription was done).

With the help of questions the teacher facilitat-
ed reaching the conclusions that on this princi-
ple of change of the letters with hieroglyphs or
with other characters was based the encryption
of texts and as application the digital codes of
computer code tables and characters.

Taking into account the level of competence of
the students the teacher could show the table with
the character set in the computer. He could create
an example, using the Code function in Excel,
which displays the codes of the characters.

5. Evaluation and assessment of
the “Rosetta stone” Demonstrator

The Rosetta Stone Demonstrator enables teach-
ers to use in their lessons factual material that
is related to Egyptian culture. The purpose of
this demonstrator is students to become aware
of the interactions between different languages
and their structure. To boost their motivation
for learning new languages by revealing the
unity in diversity, and the common features of
various cultural and linguistic forms.
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In the demonstrator, the comparative method by
which the Rosetta Stone has been translated was
used. This is the basic method for solving linguis-
tic tasks as they are presented to students. Lin-
guistic tasks are essentially logical tasks. They
help us to look more closely at the symbols dis-
played, and search for matches, for explanations
of what we see, to connect it with our previous
knowledge, and develop our observation skills.
As a “added effect” we expand our knowledge
and the relationship between the various disci-
plines taught in school. Many current teachers
have limited experience with DEMONSTRA-
TORS software from the learners’ perspective
and may be novices as well using this technology
for teaching. Unlike textbooks, software structure
of Demonstrator is often not transparent and can
be difficult to “skim” for both content and pro-
gram operation. Additionally, it could be difficult
to get a fully operational version for evaluation.

So evaluation of the Demonstrator referred to the
process of investigating it to judge its appropriate-
ness for a given subject learning setting, identify-
ing ways it may be effectively implemented in that
setting, and assessing its degree of success and
determining whether to continue use or to make
adjustments in implementation for future use. We
could think of these three stages respectively as
selection, implementation, and assessment. Con-
siderations of implementation could and arguably
should be an integral part of the selection process.
Assessment was carried out by the target group
for which the Demonstrator was elaborated. It was
invincibly made by teachers/tutors - profession-
als who should use it in the educational process
and by learners - direct users of this content. The
evaluation was done as traditional assessment us-
ing conventional methods (driven by checklists
or forms, guided by appropriate methodological
frameworks or linked to theory and research-based
criteria) and as performance based assessment,
measuring student’s creativity and the level of ap-
plication of the obtained knowledge in real-life
contexts. The key in evaluation was to determine
whether the teaching presence in the Demonstra-
tor (that either do not involve tutorial software or

represent blends of tutorial and tool-oriented ap-
plications) in combination with the content was
effective for the given objective.

The authors used the modified Jamieson,
Chapelle, and Preiss (2004) criteria which was
operationalized for a judgmental analysis of
the Demonstrator. The following parameters
were accounted:

learning potential of the Demonstrator: The
degree of opportunity present for beneficial
focus on form,;

Learner fit of the Demonstrator: The amount
of opportunity for engagement with the Dem-
onstrator under appropriate conditions given
learner characteristics;

Meaning focus: The extent to which learners’
attention was directed toward the meaning of
the Demonstrator;

Authenticity of the Demonstrator: The degree
of correspondence between the learning activ-
ity and target activities of interest to learners
out of the classroom;

Positive Impact: The positive effects of the
Demonstrator activities on those who partici-
pated in it;

Practicality: The adequacy of resources, sup-
porting and being used in the Demonstrator.
The following scheme (Fig. 2.) for evaluation
was used:

Technical
preview
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Operational
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a— -

Learner Teacher
fit fit

[
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Implementation
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Fig. 2
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5. Conclusions

The “Rosetta stone” demonstrator is work-
ing issue-based demonstrator. It is well-de-
fined, inquiry based, simple to use, adopt and
change. It is relevant, inspiring and motivating
to learners and teachers of the 7-th class of the
Bulgarian school (students of age 13~15), but
is appropriate also for the secondary schools
of the country.

The “Rosetta stone” demonstrator is connected
with real world problem. It exploits a Big Idea
of Science.

It contains big learning potential, showing the
root of coding and of linguistic semantics.

It gives great opportunity to learners for en-
gagement and attraction of their attention.

It drives attention to everyday activities of the
target audience explaining semiotic meanings.

It uses adequate resources in support, thus hav-
ing high practicality.
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Abstract

This presentation describes work-in-progress
and initial activities of the implementation of
improvisation and creativity in Science Educa-
tion. The main objective of this presentation
is the description of a learning theory which
argues that the art of improvisation, although
derived from the experiences of improvisation
in theatre, can be customized in STEM cours-
es. Through a special constructed ‘meaning
generating trajectory’, improvisation theory,
creativity and inquiry-based learning (IBSE)
alternate components of art of ‘improv’ (spon-
taneity, engagement, social and interactive
skills, investigation, creativity, reflection)
and science learning theories (experience of
every-day life, collaboration, digital artefact,
scientific method, gamification, evaluation).
Finally, a brief qualitative analysis of science
theatre activities -which took place in Greece-
based on the ‘meaning generation trajectory
consist the initial meaningful and inspiring ac-
tivities of this research..

Keywords

Improvisation, Creativity, Science Theatre,
Scientific Method.

1. Introduction

Since the beginning of the 21st century, the
theory and research associate creativity with
cognitive, psychometric and humanitarian as-
pects, emphasizing different disciplines [1].
Thus, more and more researchers recognize
that creativity is a social phenomenon with
main elements the motivation, the interaction
and the disposal [2], [3], [4]. Regarding the in-
terconnection of creative dimension to educa-
tion, modern research and practice show that
students tend to have the ability to be creative
in terms of everyday life [5], [6]. Meanwhile,
Eisner [7] developed the strong opinion that
students are creative meaning-makers, mainly
through the arts. At this point it appears the
role of improvisation. The concept of ‘im-
prov’ is identified in the fields of arts [8] and
in Managerial or Organizational Improvisation
[9]. However, there are few studies stressed on
improvisation performance during the teach-
ing practice [10].

2. Literature Review

In modern literature and practice out various
approaches to creativity in education describ-
ingit as a “democratic” approach. Banaji [11]
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analyzed in Democratic Politics Creativity,
Unique Creativity, Creativity for Social Inter-
est, Economic Creativity, play and Creativity,
Creativity and Knowledge, Creativity in Tech-
nology and Creativity in the Classroom. About
creativity in the teaching of natural sciences
the following modern definition prevails:

“Deliberate and imaginative activity that pro-
duces original and unique results with respect
to the student. This occurs through the crea-
tion of individual or social ideas and strategies,
which are justified critically and generate con-
sistent with the available evidence, explana-
tions and strategies” [12].

Berk & Trieber [13] argue that the art of im-
provisation, although derived from the experi-
ences of improvisation in theater, can be cus-
tomized in the classroom if exploit the features
of the new generation (Net Generation), multi-
ple intelligence and learning styles, as well as,
diversity of cooperative learning activities that
already take place in a student-centric environ-
ment. Thereby, improvisation organized in co-
operative learning activities, can be a powerful
tool for deep learning.

There are four basic didactic reasons the use
of improvisation: a) is in line with the char-
acteristics of the current generation of stu-
dents, known as the Internet Generation [14],
b) touches multiple intelligence and the emo-
tional intelligence (EQ), ¢) enhances collabo-
rative learning and d) promotes deep learning
through active participation of new ideas, con-
cepts, or problems connecting activities with
previous knowledge, adapting the content to
real-life matters and evaluating the results pre-
sented within by reflection [15], [16].

3. Meaning Generation Trajectory

Based on the theories developed above, we
tried to create a conceptual trajectory that il-
lustrates scientific meaning generation through
improvisation and creativity.

Meaning

genemting
\ trajetory

h  Interactive
@ :

Figure 1: Meaning Generation Trajectory

Initially, the role of ‘spontaneity’ in educational
science was mentioned by Vygotsky [17] who
characterized the superior knowledge, as the
argument emerges from everyday spontaneous
common sense activities. Similarly, according to
Cua et al. [18] formal education requires sponta-
neous learning from everyday life experiences.

The second track refers to the role of active in-
volvement (engagement) during the learning
process. In this field, we have to stress the role of
improvisation in the social and interactive skills of
the students. According to Merrell & Gimpel [19],
social and interactive skills are not easy to define,
because of the variety of definitions under the light
of different disciplines. For this reason, there are 7
elements to identify social skills, which: a) is prime
search during learning, b) contain specific and dis-
tinct verbal and nonverbal behaviours, c¢) involv-
ing effective and appropriate imports (initiations)
and responses, d) optimize social assistance, €) is
inherently interactive f) social performance is af-
fected by the behaviour of the participants and the
environments within which they occur, g) deficits
and excesses in social performance can be traced
to interference.

Inquiry Based Learning (IBSE) is the way that
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scientists work and activities through which stu-
dents learn both the scientific concepts and scien-
tific processes [20]. The final component of this
trajectory is the ‘Reflection’ on the results that
are presented and evaluated by both the students
and teachers. Specifically, as indicated by Tavar-
es et al. [21] through the use of specific research
protocols for the evaluation and reflection of the
Science study through exploratory methodology
(IBSE) gives several benefits, such as active and
enhanced by numerous sources create meanings
for natural phenomena.

Consequently the sequence of a meaning gen-
eration trajectory in terms of improvisation
and creativity in teaching STEM courses is a
chain that expands the levels of research and
understanding. Within this context, we attempt
to stress below a brief qualitative analysis of
science theatre activities, based on Improvisa-
tion, Creativity and Inquiry Based Learning.

4. Qualitative analysis of science
theatre activities

In order to practically support this theoreti-
cal attempt, we will analyze part of the action
‘Learning Science trough Theatre’, a Greek
project that is based on the pedagogical frame-
work developed by CREAT-IT [22].

Counseling Experience ICT
Edutainment Entertainment Gamification
Investigation Engagement Collaborative
learning
Inquiry Scientific Method  Constructionism
Creativity Interdisciplinary ~ Inclusion
Reflection Experience New Proposals

evaluation

Table 1: Analysis categories and axes

Table 1 shows the analysis axes of these per-
formances, which are part of the broader cat-
egory of “Educational Practices”, with educa-
tional and cultural features.

Initially the axis of ‘Counselling’ aimed at
the experience and to use ICT for the devel-
opment of social -behaviour skills and cogni-
tive skills. In the second axis we find the term
Edutainment where any entertainment content
designed to educate and entertain. Our third
pillar of analysis observes social and interac-
tive skills developed by students through ac-
tive engagement, and collaborative learning.

Subsequently, Inquiry-Based Learning is based
on searches, queries and questions of students
rather than the presentation of the curriculum
by the teacher. The 5th axis involves creativity
which incorporates interdisciplinary and inclu-
sive education.

Finally, the axis of reflection for the teaching
process is a complex and multi-layered process
involving all existing concepts for learning
and the subjective experiences of each trainee.

4.1. Performances Video analysis

More specifically, we will attempt to develop
the approach of ‘Meaning Generation Trajecto-
ry’ in the analysis of chosen activities through
the broader category Pedagogical practices
with educational and cultural features.

Video Resolution 1:

At the beginning of the first video the show pre-
sented some actors are seeking how light created
emphasizing the phrase “in the beginning was
the light.”” At this point, students use their experi-
ence (notes for the course trying to co-build un-
derstanding) of the natural phenomenon, through
interactive interactions inspired by their every-
day life [23]. Learning opportunities that make
sense for students in interactive interaction tak-
ing place in this part of the show [24].

The following slideshow video enhances the
parallel mediation of artefacts through using
new technologies [25]. In other words, stu-
dents implicated various sources and activities
that are either incorporated in the main stage,
or operated as a reference framework to sup-
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port meaningful learning experiences for the
students themselves (orchestration).

After viewing the presentation, followed by
the main part of the show consists of humor-
ous show, “Talking to the stars”, where the
main guest is the sun. At this point, we see that
concepts are the negotiating point between
the emission guests. Through their humorous
dialogues, they integrate scientists who stud-
ied the phenomenon as: Aristarchus, Ptolemy,
Newton, and Galileo. This interaction strength-
ens the idea of communicative approach [26]
and achieves its implementation through col-
laborative meaning generating.

At this point, we have to admit that the idea of
a theatrical performance on the science could
be useful at the level of daily teaching prac-
tice. Alexander [27] argues that the properties
of expansion and accumulation can transform
the classroom discussion of the familiar routine
pattern: closed question / answer / feedback in a
productive dialogue with meaning, where ques-
tions, answers and comments are built gradu-
ally through coherent and expansive research
and understanding chains. Consequently, we
could consider that the creation of the theatrical
performance can be based on creating meanings
orbit involving improvisation in teaching of the
scientific meaning generation.

Spontaneity on the creation of theatrical per-
formance could be the beginning of engage-
ment of all pupils according to the interest of
each field (journalists, scientists, dancers and
others), which incorporates the social and in-
teractive skills of the students who will need to
work together to build the structure this play.
The connection between Creativity and In-
quiry is very important to this analysis. Some
examples may shed light to this dimension:

Creativity Examples:

Linguistic expressions: Sun: “Let me and my
sunbeams illuminate not only your body but
also your soul.”

Dance: Ballet for sunbeams

Poetry: the shooting star ... intervenes and re-
moves the sunbeams reciting poem.

Daily practice: Correlation of stars with astrol-
ogy.

Video / ICT: Presentation with information
about planets.

Finally, reflection could take place both during
the creation of the theatrical performance, and
after the end of the show, taking into account
the relevant feedback from the public [28].

Video Resolution 2:

In the second video [29] presented theatrical
performance based on the Big Bang. The high
school students have initially incorporate new
technologies through video presentations pro-
jection for the birth of the world. Then, they
stress humorous dialogues among scientists.
The interaction of scientists through experi-
menting and humorous quotes, give the feeling
of Edutainment (humour and fun). These dia-
logues are based on numerous controversies of
science. Finally, students use music and dance
to reflect big bang theory.

Video Resolution 3:

In the 3rd show [30] protagonists choose to be
the elements of the solar system. In this video,
we easily see use of ICT, active involvement
of all students in various ways and dance inte-
grating music and for better representation of
phenomena, by relating them with their every-
day experience (rock music). Another impor-
tant aspect is the effort to interconnection and
interdependence of science that through con-
troversies demonstrate the necessity and their
correlation. Finally, as far as the evaluation and
feedback is concerned, they presented a video
of the experience of students in the creation of
the theatrical performance, demonstrating ac-
tive involvement and fun all in the course of
preparation.
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5. Conclusions

Through this brief presentation we attempted
to integrate improvisational, creativity and
scientific elements in creating a meaning gen-
eration trajectory which may open a new ‘win-
dow’ in science didactics while it opens the
horizon of creative investigating both teachers
and students. Constant moving through the or-
bit of the trajectory may begin with spontane-
ity and end ends to evaluation process, but it
includes new proposals that trigger the start of
a new track of meaning generation. However,
this field of research demands further theoreti-
cal and practical investigation, in order to be
supported and strongly documented.
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Abstract

The description of the work I have presented
as my experience in the organization of extra-
curricular activities with students in astronomy
and space, the forms and methods, results and
some good practices in teaching astronomy in
the constructivist environment. Participation
in joint projects with research organizations,
use of online labs and remote ones, work of
students with CCD camera.
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1. Introduction

One of the major educational problems at pre-
sent is the alienation from the school and the
lack of willingness to study, especially in the
field of science subjects, The motivation of
the students for education and attracting their
interest towards science could be success-
fully accomplished in constructivist environ-
ment by means of the relatively new approach
(method) in education the method of research
or study/ Inquiry Based Learning/ applied to

Mitropolia, Bulgaria
e-mail: ivo_jokin@abv.bg

the learning of science - Inquiry Based Science
Learning.

According to that approach the learning is
based on “ studying, research” of issue or phe-
nomenon with the participation of all students
in a class in all stages/phases of the lesson — in
the discussion in the beginning of the lesson,
setting of the major scientific issue and the for-
mulation of a hypothesis, performing of exper-
iments and their analysis, discussion. Thus, the
students come to the facts by themselves and
give their suggestion concerning the relation-
ships among them. They take the role of young
scientists/ researchers.

Linn, Davis and Bell [1] give the following
definition: “The research work could be defined
as a conscious process for problem diagnosing,
doing experiments and defining of alternatives,
planning of research work, giving scientific re-
search suggestions, looking for information, de-
signing of models, discussing with classmates,
forming of clear argumentation” The research
approach in science and in particular in Phys-
ics and Astronomy enables the development of
skills and opinions which will be useful lifelong
for the young people. According to Gaydarova
et al. [2] these skills are undoubtedly called key
competences because they lie in the basis of a
successful professional integration.

103



INSPIRING SCIENCE EDUCATION

104

One of the ignored or misunderstood aspect
of the extracurricular activity is its role in the
development and maintenance of the cognitive
interest towards science in particular Physics
and Astronomy.

The participation of students in various organi-
zational forms of extracurricular activities as
clubs and schools, festivals and events special
camps in Science during the holidays related
to Physics and Astronomy could give the es-
sential identification and development of the
cognitive interest challenged by curiosity and
inquisitiveness by integration of specific edu-
cational matter, methods and means in enter-
tainment and interesting activities.

2. The significance of the topic

is defined by the fact that a major part of the
after educational organisations (PEO) with the
exception of the National Astronomical Ob-
servatory (NAO) and the National Astronomi-
cal Observatories with a Planetarium (NAOP)
do not organize and hold activities including
students, related to science in particular Phys-
ics and Astronomy. No research work is being
performed for identification and studying of the
cognitive interest resulting after the activities
and their eventual influence on the choice of a
future career, related to science and personal de-
velopment of the students and the young people.

3. Effects of the extracurricular
and after school activities

Based on my observations during summer
camps and green schools and conversations
and interviews with their leaders it was found ,
that the main impressions ( which are the most
long lasting) are the positive emotions they
have experienced during the event or the ac-
tivity, the interesting and entertaining educa-
tional activities and games related to science
and mostly to Physics and Astronomy.

According to Masoni [3] “The positive effects
which the extracurricular activities have on
students are mainly influencing the behavior,
better grades at school, completing school and
becoming successful adults in a social aspect”

In their research Hall and all 2003 [4] make
the summary “More and more clues show that
participation in extracurricular activities (OST
— out — of — school- time) positively support
the development of young people as a whole”.

Other research authors Langdon, D., McK-
ittrick, G., Beede, D., Khan, B., & Doms, M.
2011 [5] show that the early development of
interests and competences in the field of sci-
ence as well as showing of professional mod-
els to copy and the authentic experiences could
be important prerogatives, which lead the par-
ticipants to take part in the school courses in
Science and Math” and “aim degrees and work
positions in the field of Science and Tech-
nique”

4. Activities for promoting of the
learning interest

In the Municipality center as forms of extra-
curricular activities in relation to Physics and
Astronomy are offered the following : Astro-
party” , A Classroom under the stars . Aiming
development of the cognitive interest are the
modules:

Science — educational activities including
the sets NTSE Nano-Tech Science Educa-
tion in the project with the same name of the
EU'“Photonics Explorer’?, “Explore the col-
ours” a portable laboratory for water research of
Water Monitoring Challenge®, education project
of the platform SCIENTIX®, related to virtual
and remote laboratories in Physics and Astrono-
my, , “ A Universe in a box” of the project UN-
AWE?, which is especially developed for under
school age and primary school students;

“Astronomy and space in my school” — ac-
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tivities of the project SPACE AWARENESSS,
Earth Cam — taking pictures of the Earth’s sur-
face from Space from the onboard camera of
the International Space Station Lunar Mission
One® — Send Your Footprints to the Moon”,
“ The World Week of Space’, “International
night for Moon Observation (InOMN) and
sending of a radio image of all the participants
worldwide.

The activities are organized and held in a daily
and most often in a three day camps and/or
“green schools” according to a program speci-
fied in advancement in a constructivist envi-
ronment using the methods “Learning by mak-

ing”, ¢ Learning by Empathy”, learning based

on games, research based education, project
based education. The forms of work with stu-
dents are Group work, Teamwork as for some
of the tasks the students work individually. \
most of the activities are held outdoors in Na-
ture (a landing for observation of meteors, the
bank of the Danube river).

5. Moon Bounce Project

Drawings of students of the Astro-club at the
Centre and the Maths High School “Geo Mi-
lev” Pleven were sent by a radio telescope to
the Moon and then again returned to the Earth.

The project is named Moon Bounce and was
accomplished by the radio astronomer Daniela
de Paolis and a team of radio amateurs by the
radio telescope Dwingeloo in Holland. They
have created a way to send images to the Moon
and back and the project included schools
worldwide. The campaign started in April as
up to April 15 , the drawings had to be sent
to the site of the co-organisers Galileo Teacher
Training Program (GTTP)'.

Up to April 25, there was a stage of online voting
for selection of the drawings to be sent to the Moon.

The topic of the project was related to the gold-
en plates launched by the space crafts Voyager
1 and 2 in 1977.

The preliminary preparation included activi-
ties in the Art workshop and the students put
in pictures the main accents of the records in
the plates — flora and fauna of the Earth, View
of the Earth from Space, visible constellations
and of course the Cosmic Rhodopa Mountain
— The observatory on Mount Rozhen and the
folk singer Valya Balkanska whose voice in
the Rhodopa folk song “ Izlel e Delju Haidu-
tin” is flying in Space on the board of Voyager.

This additionally promotes the interest and has
a positive effect on the motivation in Science
studies.

6. Survey Organisation

During school year 2013/2014 were organized
and held several “green schools” with students of
the Pleven region and 8 summer camps with stu-
dents of 2 regional primary schools. In the module
“Natural science” and “Astronomy were tested
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several resources of the project Go-Lab'* The ap-
plied form was work in groups of 3 or 4 students
observing the sequence of the research approach
organization. The practical activities included
elaborating of simple devices in Astronomy us-
ing available materials- i.e. a square, a sun clock, a
spectroscope “Pizza box” and an evening “ Astro
party” with astronomical observations of visible
planets and constellations, a laser Astro show.

Aiming analysis of the impact of the activities held
on the students as well as their attitude towards sci-
ence there were used the scientific approaches of
observation and a survey — forced ordinal scale of
Linkert with 9 questions and 4 possible opinions:
strongly agree, don’t agree, agree and strongly
disagree, The total number of students participat-
ing was 39. The method we used was described
in “Monitoring and Evaluation Framework for the
International Astronomical Union’s Office of As-
tronomy for Development” (IAU 2014) with re-
spect to an approved project of . OAD, Task Force
2: Astronomy for Children and Schools, Project
TF2A-2014 Astro party.

7. Data analysis

Based on the obtained empirical data it was
concluded that the students are extremely
motivated for learning activities in the cases
when knowledge is presents in an untraditional
way in a specific extracurricular environment
which the base of the Municipal center pro-
vides. The results are shown in percentages.
For example 87.18% of the students answered
by “Strongly agree” that they find science as
interesting and just 2,56% expressed disagree-
ment. A relatively high percentage 79.49%
answered “Strongly agree” that learning Sci-
ence would help them find a good job. A more
profound analysis of the data obtained comes
ahead.

Ifind science interesting
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As a long term leader of the School in Art I try
to integrate the activities of several of the pro-
jects in Physics and Astronomy with Fine Art. In
many cases the children work in the art shop after
having practical activities in the “Science” hall.
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8. Conclusion

The research approach in learning guarantees
that the acquired knowledge, skills and com-
petence would be more permanent and more
functional and could be used for solving of
other learning problems. In this approach /
method of learning are easily formed all key
competences which are defined by the EU —
basic competences in the field of Science and
Technologies, digital competence, skills for
individual learning, communication in for-
eign languages. The exchange of good prac-
tices and ideas, educational materials and tech-
nologies enable the introduction and using at
school of more effective methods and forms
of work either in the classroom or as extracur-
ricular work.

9. Notes
1. http://www.ntse-nanotech.eu/ / visited
12.02.2016

2. http://www.eyest.eu/Programs/Photonics-
Explorer / visited 12.02.2016

3. http://www.monitorwater.org/ / visited
12.02.2016 r./;

4. http://www.scientix.eu / visited 12.02.2016
5. http://www.unawe.org/ / visited 12.02.2016

6. http://www.space-awareness.org/ / visited
12.02.2016

7.https://www.earthkam.org/ visited
12.02.2016

8. https://lunarmissionone.com/ / visited .
12.02.2016 r./;

9. http://www.worldspaceweek.org/ / visited
12.02.2016

10. http://www.go-lab-project.cu/go-lab-
portal / visited 23.03.2016 r./.

11. http://www.site.galileoteachers.org / vis-
ited 12.02.2016
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Abstract

The object of this study was to investigate the
effects of the use of digital tools in the edu-
cational practice of science and specifically
of our solar system study in kindergarten. The
research work, deals with our solar system and
how children of preschool age may understand
concepts around this by using digital tools.

The choice of this issue (an approach and ef-
fort understanding our solar system from pre-
school children), was based on the difficulties
faced by pupils of early childhood on basic
concepts of astronomy and for the excitement
they present to observation, study and discov-
ery of our solar system.

Keywords

Collaboration, meaning generation, preschool
education, solar system

1. Introduction

In this research, the case study observation is
used, carried out by the researcher as “non- par-
ticipatory observer”, to acquire data concern-
ing the individual conduct of sample members

anna.baboura@gmail.com

and their interactions as a group of users in the
use of educational software and the meaning
generation in the subject of astronomy, in con-
nection with the use of technology.

2. Theoretical frame

The study of astronomy from preschoolers en-
courage young students to work as scientists, as
“young” astronomer and follow scientific meas-
ures, such as observation, creating assumptions
and forecasts, experimentation, presentation of
findings and results, verification or breaking
down initial cases and to learn, to supplement
or amend their previous knowledge [1] (Am-
partzaki & Kalogiannakis, 2015).

Infants have an innate curiosity, which is im-
portant for the teaching of Science [2] (Kalo-
giannakis, 2009), and it should not be ignored,
but to create the conditions for greater study.
The main difficulties are, for the study of sci-
ence in kindergarten, derived primarily from
the experiences that make up the young stu-
dents from the social and natural environment
[3] (Tzimogiannis, 2012).

Such therefore must be the activities imple-
mented in kindergarten. According to Kamii
and De Vries, in the literature, there are two
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similar types of activities, the “physical knowl-
edge activities” and “activities knowledge of
science” (learning of science). In the first case,
knowledge arises through the activities of stu-
dents. In the second case, the teaching more
focused on the object itself, in terminology
and in the research process. In kindergarten
mainly indicated the second way [4] (Ravanis
& Bagakis, 1998).

Specifically, anything related to astronomy,
stimulates the imagination and interest of
young children, however students of early
childhood education, who are in the early even
stages of their development, have not yet con-
quered the stage of abstract thinking and find it
difficult to comprehend some notions of space
[5] (Panayiotou & Ramandani, 2012).

The understanding of the universe is a challenge
to human thought. In the field of education, the
study of celestial bodies has yet been introduced
at low levels. This is possible to do with the
appropriate teaching methodology in order to
overcome the difficulties of thinking of young
students and enable them to provide appropri-
ate mental schemata, which keep up with sci-
entific models (or that we recognize as school
knowledge). At one level should the students to
understand the Earth’s sphericity. At a second
level, to comprehend that the Earth is a celestial
body that is part of a solar system. Finally, to be
able to realize that the Earth rotates around its
axis and around the sun, understanding that will
help them understand the alternation of day and
night [6] (Ravanis, 2009).

The meaning generation, according to the con-
struction theory of Papert [construnctionism] is
a key element of learning and not ready under-
standing and abstract concepts and information.
With the use of ICT, students have the ability
and opportunity to produce meaning generation
[7] (Kynigos, 2006). It is important for students
(regardless of age group) to build [construct],
explore, create and manipulate structures and
utilize a variety of media and sources of knowl-

edge in order to reach the production of mean-
ing. So we are interested to exploit the educa-
tional process technology tools based on logic
and the concept of “white-box” [8] (Kynigos,
2004). The term constractionism (or construc-
tion constructivism), comes from the word con-
struct and founded by S. Papert, «father» of the
logo. The whole approach has a dual form. On
the one hand, based on constructivism, where
learning is building cognitive structures and the
student takes the role of “master” constructing
objects, knowingly and then understood. On the
other hand, students are actively involved in
the process of construction thinking by sharing
their ideas [9] (Glezou & Grigoriadou, 2009).

In contemporary school, a key point is to pro-
mote collaborative learning. Cooperation in
school is a key and essential part of the con-
quest of learning, as well as through social
interactions has been an increase of students’
performance. Collective activities keep awake
the students’ interest and motivation to engage
in the cognitive object at a high level [10]
(Vosniadou, 2006). In collaborative learning
teamwork and collaboration runs throughout
the learning process. The basis of the collabo-
rative learning is constructivism. New knowl-
edge is constructed and transformed from chil-
dren. Learning is regarded as the process that
the student makes the activation of acquired
cognitive structures or constructing new cog-
nitive structures. Students are no longer pas-
sive recipients of new knowledge [11] (Dooly,
2008). Social interaction and collaboration
yield results in cognitive development and
according to Jones & Mercer (1993) [12] the
development of the individual (biological and
psychological) is not realized in isolation. Ac-
cording to Vygotsky, children develop cogni-
tively as solving a problem through coopera-
tion while taking advantage of someone else’s
experience [13] (Wood & Wood, 1996).

The ICT and digital tools contribute to the de-
velopment and education of students, such as
the development of cooperation and social in-
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teraction between the team members and the
cognitive development of students [ 14] (Zaranis
& Economides, 2009; [15] Kaklamanis, 2005).
The utilization of technology support collabora-
tive learning , while providing fertile ground for
the development of various skills such as com-
munication, problem solving, critical thinking ,
etc. [16] (Kyridis, Drosos & Dinas, 2003 ).

3. The research

The research process followed by the research-
er, based on qualitative research approach, ac-
cording to which the investigation is based on
the assumption that individuals construct so-
cial reality with the interpretation which they
give in the evolution of situations.

This study investigated:

1. How do preschool children perceive and
understand basic characteristics of our solar
system?

2. How does the use of technology can support
and promote learning and understanding on as-
tronomy at preschool age?

3. Is the technology able to support and pro-
mote the skills of communication and coopera-
tion among toddlers?

Time (duration) assigned to conduct the inves-
tigation calculated to 21 hours. Data collection
took place at the end of the school year 2014-
2015 (May-June 2015). The survey was con-
ducted in school kindergarten room in Athens.

For the collection of survey data were used: ob-
servation by completing an observation sheet and
the resulting composite - products produced by
the interaction of the infant with the digital tool.
For the implementation of the research utilized
the personal portable computer researcher, who
had installed a very specific digital construct.

When indirect observation, studied both in-
dividual, and collective behavior during the

occupation of the sample members with the
microworld. The microcosm is a digital envi-
ronment whose components are tools, open for
exploration and change, thus offering scope for
learning through discovery, investigation and
problem solving [17] (Kafai & Resnick, 1996).

4. The sample

The sample is small and consists of twenty
(21) preschool children of both age groups
(4-6 years), who were enrolled in public kin-
dergarten Prefecture of Athens. More specifi-
cally, first they were 19 infants and 2 second
age infants (preschoolers). In the sample there
were also 9 boys (infants) and 12 girls (includ-
ing 10 toddlers and preschoolers 2). Finally,
the 21 children sampled, 19 whose mother
tongue is Greek and two of them have a dif-
ferent mother tongue, but knew the Greek lan-
guage in a high level.

The sample of children had knowledge of the
solar system, had not yet become systematic
and organized teaching for the course with the
use of new technologies, but had done in con-
ventional ways (reading fairy tales, construc-
tion, etc.). Teaching conventionally had oc-
curred four months prior to the survey.

The students had previous experience of using
the computer, but no prior knowledge of the
Scratch programming environment.

5. The intervention

The intervention followed the teaching meth-
odology applied in kindergarten, but also spe-
cial teaching methodology applied for teaching
science (eg the individual activities attended
simulations, was experiential representation-
presentation by a group in the other groups).

Initially there was a discussion with the chil-
dren about the solar system in plenary order
and recorded the first researcher knowledge.
The discussion expanded with questions,
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thoughts and ideas of children around our so-
lar system and what they would like to learn
additional about it.

Their first knowledge and ideas not only stayed
in recording notes from the teacher - researcher,
but as an additional element were the sketches
of children that have been generated through
their teamwork and made in short stories.

Then followed a ten-minute video with infor-
mation about the solar system. Information
concerning our planets, their place in our sys-
tem, their composition, their naming. Apart
from the planets, the video refers to both the
sun, central celestial body in our planetary sys-
tem while referring to the satellites of the plan-
ets in meteorites and constellations, and the
first mission from Earth to the moon. Finally, a
review of the Greek mythology and correlation
with our planetary system. The members of the
sample recorded their knowledge in sketches.

In the next step, the students in small groups
(2-3 pupils) worked together to solve the puz-
zles of the microworld. The researcher at this
stage watched the cooperation of groups, with-
out interfering in their work and noted on the
relevant form any comments.

By the end of the game, through the interactive
process, the sample subjects began exploratory
procedures. Each team looked to find additional
information (depending on the concerns of group
members), investigated (other groups utilizing
conventional through-illustrated books on the
subject, other groups utilizing ICT) and finally
he made a short story related to that topic. For
recording and creating, initially, the young stu-
dents have used conventional means and then
their story made it more “interactive” through
the Scratch. After all groups have completed this
process, there was a presentation of all digital sto-
ries, was a discussion about the difficulties, ex-
periences and impressions of the teams and was
the necessary feedback and suggestions of ideas
to make the appropriate changes and modifica-
tions, both stories made by the children and the

original microworld. The role of the researcher,
not changed either at this stage. The kindergar-
ten teacher-researcher role was supportive and
non-participative in the investigation process had
only offered help when it was deemed appropri-
ate to give adequate encouragement to infants at
the points prevented from the procedure.

0. Results

The data gathered from the qualitative analy-
sis of the observation of the sample members
(Protocol Monitoring and Observation Re-
cording Sheet), in carrying out the investi-
gation, and the recording of the views of the
subjects through discussion, and from the re-
sulting products produced by the interaction of
the infant with the digital tool, and their inves-
tigation and how react to each other, in order to
reach a conclusion.

By collecting and analyzing data, this research
about meaning generation, shows that preschool
children are able to perceive details and informa-
tion on the subject (position and motion of the
planets, the moon as a satellite of the earth, mor-
phology of the planets, connect with the Greek
mythology). More specifically, they are able to
understand the form of the heliocentric solar sys-
tem and did not think it as a geocentric system,
they comprehend the movement and behavior of
the planets (which is related to the changing sea-
sons and the alternating day and night). Extensive
study in depth the specific endpoint in this study
was not made, but reference was made relative
to the beginning of the research process, which
showed that the sample subjects were aware of
the process. At the same time, they comprehend
the position and shape of the planets in the sys-
tem, a receipt with the appropriate arguments
on the part of the sample subjects. They are also
able to comprehend the basic morphology and
characteristics of the planets are our planetary
system. Finally, positive effect on the production
of meaning seemed to have parallelism and cor-
relation made by Greek mythology.
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Furthermore, according to the research, the col-
laboration between team members becomes
easier and more meaningful. The cooperative
action of the subjects of the sample had pro-
gressive evolution and observed that it was a
positive contribution of technology in the pro-
cess towards cooperation by using conventional
means. The members worked more interactive,
prompting subjects other when necessary. The
technology has proven to be an appropriate
means to support and develop research, discus-
sion and achieve the ultimate goal. Regarding
collaborative action, sharing leadership roles
and mutual engagement, in 50 % there was
excellent cooperation, where group members
equally handle the microworld, responded after
the discussing, develops knowledge through di-
alogue. In the remaining 33.33 %, there was no
debate and no cooperation in the academic and
technological part, answered only one or two
children from each group primarily and there
was no cooperation between themselves and the
handling of the computer was a child only.

Finally, the use of technology, results in learn-
ing and the meaning generation were in more
depth, as students engage in more activities
and they also had more fun, but also they com-
municated more with each other.

In this study, it was revealed that through the
use of ICT and experimenting, children had
the opportunity to link prior knowledge with
the new / different perspective of knowledge
(possibly did not realize until now) thus lead to
the meaning generation. In addition, through a
common goal and the immediacy of the result
of their actions (through the investigation on
the Internet, but also engage in the microworld
and in two stages), infants showed great enthu-
siasm and mobilized interest to a greater extent
than conventional means. Even if there was a
hesitation and anxiety (due to meager previous
experience on the digital games) in some of the
subjects of the sample, but quickly surpassed.
In fact contributed to this good cooperation and
communication developed between groups.

7. Conclusions

The results of this research show that pre-
school children are able to perceive details and
information on the subject (position and mo-
tion of the planets, the moon as a satellite of
the earth, the morphology of the planets, con-
nected with the Greek mythology), to make
correlations and generate ideas and concerns
to be investigated. Noteworthy is the positive
effect it seemed to have the meanings pro-
duction, parallelism and correlation made by
Greek mythology.

The results of this research show that the in-
teraction of the sample subjects to digital
technologies (exploration, dealing with the
microworld, dealing with the scratch to create
stories, video monitoring) contributed towards
our goals with respect to the teaching subject
of astronomy (study of the solar system) in
kindergarten, such as to “ interpret “ elements
of the world through observation, description
and symbolic representation.

At the same time, they seize the computer in
such a way as to serve in their work (discov-
ery and verification information). Regarding
our findings in relation to the characteristics of
the microworld, they observed that the sample
subjects in absolute percentage showed great
interest and fun levels and high motivation to
engage in the microworld, but also to explore
for further information on the internet. About
the content of the game, the observation of the
behavior and the engagement of infants and
microworld showed that children developed
or singled out knowledge and notions of as-
tronomy.

Particularly important was the research results
regarding the collaborative activity of the sam-
ple subjects when dealing with technology. As
was expected the selection or production of a
suitable support material for resolving ques-
tions and concerns, through teamwork and
shared discovery.
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Abstract

The main ISE project’s goal in Romania is to
motivate and to inspire the Science learning
and that is why Inquiry-based learning (IBL)
is promoted to embrace curiosity, fundamental
human trait, as a natural impulse to learn and

think.

Based on some of the Big Ideas of and about
Science and using the WorldWide Telescope,
the Romanian team developed 4 demonstra-
tors for Astronomy, Science and Physics les-
sons: Following Curiosity on Mars, The Blue
Planet, Is sky the limit? - A journey between
stars and Finding a new house for humans in
the outer space.

In Romania the ISE project was promoted to
over 6,000 teachers and enrolled over 400
schools. We promote all the events from the
project via e-mail, press release, on the web-
site community and on Facebook, where we
created the “Inspiring Science Education Ro-
mania” page. We also created the Romanian
Science Teachers Community on the ISE por-
tal.

The project results were presented in the ISI
proceedings of The International Conference
on Virtual Learning — ICVL 2015.

Keywords.

Inquiry-based learning, inspirational digital
resources for Science teaching, scientific re-
search activities for students.

1. Introduction

Understanding science is essential in today’s
society when there is major threat to the fu-
ture of Europe: science education is far from
attracting crowds and in many countries the
trend is worsening.[1].

A central idea in the project is that teaching ac-
cording to the inquiry-based approach can stimu-
late students’ learning gains and their interest in
science. Another premise is that digital, interac-
tive tools can be effectively used to achieve these
purposes. ISE set out to design, plan and imple-
ment large-scale pilots to stimulate and evaluate
innovative use of existing eL.earning tools and re-
sources (e.g. interactive simulations, educational
games, VR and AR applications, modelling and
data analysis tools, eScience applications, as well
as, digital resources from research centres, sci-
ence centres and museums) for scientific disci-
plines and technology, enhancing science learn-
ing in 5,000 primary and secondary schools in 15
European Countries [4].
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2. Inquiry-Based Science
Education

The Inquiry-based learning is often described
as a cycle or a spiral, which implies formula-
tion of a question, investigation, creation of a
solution or an appropriate response, discussion
and reflexion in connexion with results [3].

Learning science by inquiry, on the other
hand, involves the learner in raising research
questions, generating a hypothesis, designing
experiments to verify them, constructing and
analyzing evidence-based arguments, recog-
nizing alternative explanations, and communi-
cating scientific arguments [5].

The ISE Project does not perceive learning by in-
quiry as following specific step-by-step instruc-
tions in a linear sequence of activities, but rather
as experiencing activities that blend and merge
together. So that it’s instructional model of IBSE
consists of five learning activities: Orienting &
Asking Questions; Hypothesis Generation & De-
sign; Planning & Investigation; Analysis & In-
terpretation; and Conclusion & Evaluation [4].

Ten Big Ideas of and about Science are the heart
of the Inspiring Science Education’s repository
of eLearning tools and resources. These ‘Big
Ideas’ represent overarching principles in the
science curriculum and can also be looked at
as ‘umbrellas’ where the content material from
various science subjects can be brought under
the same “‘umbrella’ in order to develop a com-
mon theme running through the science cur-
ricula over time. According to Harlen’s report
(2010) the goals of science education should
not be conceived “in terms of the knowledge
of a body of facts and theories but a progres-
sion towards key ideas which together enable
understanding of events and phenomena of rele-
vance to students’ lives during and beyond their
school years.”[2]. In this report 14 such ideas
are identified and include ideas of science and
ideas about science and its role in society.

Big ideas of science:

1. All material in the Universe is made of very
small particles. Light in all different wave-
lengths permeates the Universe. (This idea is
slightly changed from Harlen’s original)

2. Objects can affect other objects at a distance.
3. Changing the movement of an object re-
quires a net force to be acting on it.

4. The total amount of energy in the Universe is
always the same but energy can be transformed
when things change or are made to happen.

5. The composition of the Earth and its atmos-
phere and the processes occurring within them
shape the Earth’s surface and its climate.

6. The solar system is a very small part of one
of millions of galaxies in the Universe.

7. Organisms are organised on a cellular basis.
8. Organisms require a supply of energy and
materials for which they are often dependent
on or in competition with other organisms.

9. Genetic information is passed down from
one generation of organisms to another.

10. The diversity of organisms, living and ex-
tinct, is the result of evolution.

Ideas about Science:

11. Science assumes that for every effect there
is one or more causes.

12. Scientific explanations, theories and mod-
els are those that best fit the facts known at a
particular time.

13. The knowledge produced by science is
used in some technologies to create products
to serve human ends.

14. Applications of science often have ethical,
social, economic and political implications [2].

3. About the ISE Demonstrators

All the lessons and education scenarios and plans
available in the Inspiring Science Portal have been
created and validated by European science teach-
ers active in teaching STEM (Science, Technolo-
gy, Engineering and Mathematics) and are suitable
for different levels and curriculum settings. Teach-
ers have the option to use and adapt these lessons
or educational scenarios or create their own.
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The ISE teachers used the ISE Authoring Tool
to design their lessons and educational scenarios
following the inquiry based learning approach
(IBL). They are able to develop and include as-
sessment tasks for students’ problem solving
competencies based on the PISA 2012 problem
solving framework. The ISE Delivery Tool ena-
bles the delivery of lessons and educational sce-
narios to teachers and students. This delivery tool
has been developed to take into account the de-
mands of different devices such as desktops and
tablets as well as the usage of assistive tools to
support students with disabilities [6].

The project’s use of eLearning tools and resourc-
es is coupled with an evaluation framework, eval-
uating progress on learning achievements, based
on the PISA 2012 framework for the assessment
of students’ problem solving competence of stu-
dents. This approach offers the basis for valida-
tion of the introduction of technology-supported
educational innovation in European schools, thus
ensuring real impact and widespread uptake [4].

Lessons and educational scenarios are de-
signed, in the different phases of IBL, to in-
clude tasks to assess students’ problem solving
competencies.

Based on some of the Big Ideas of and about
Science and using the WorldWide Telescope
(http://www.worldwidetelescope.org/), the
Romanian team developed 4 demonstrators
for Astronomy, Science and Physics lessons.
Their names are:

- Following Curiosity on Mars (http://tools.in-
spiringscience.eu/delivery/view/index.html?id
=d9382415b89746c9beal 55badb6tbd25&t=p)
- The Blue Planet (http://tools.inspiringsci-
ence.eu/delivery/view/index.html?id=4ca668
9c694143f6af473a71356c2abf&t=p)

- Is sky the limit? - A journey between stars (http://
tools.inspiringscience.eu/delivery/view/index.htm
1?id=26cf0bfacc0647bfad 1 ffcecca235aba&t=p)

- Finding a new house for humans in the outer space
(http://tools.inspiringscience.eu/delivery/view/in-
dex.html?id=b547e01954c4438a84£5026fe36803c

d&t=p)

For example, Following Curiosity on Mars,
is a scenario developed by the ISE Romania
team, starting from the Big Idea 6. The solar
system is a very small part of one of millions
of galaxies in the Universe and 13. The knowl-
edge produced by science is used in some
technologies to create products to serve human
ends. In this case students will follow the rover
Curiosity on its way to the red planet Mars by
using the World Wide Telescope (Fig.1).

The didactical approach is based on scientific in-
quiry in order to give students the enjoyment of
finding out for themselves and initiates apprecia-
tion of the nature of scientific activity, of the power
and the limitations of science. They will have to
search if Mars can or could support life. And how
is the environment of Mars? The main question
will be: Where is Curiosity now? Because students
will have to solve a real problem of the humankind
they will have to accompany the rover Curiosity
on Mars. The final products of the teams of stu-
dents will be the slide-show with Mars surface de-
tails and also the bussines card of the planet.

£

Figure 1. Following Curiosity on Mars - demonstrator

The ISE Authoring Tool offers teachers two ad-
ditional features which they may use to enrich
and support the delivery and assessment of a
science lesson. These are: the option of adding
multiple-choice formative assessment questions
at any point during an Educational Scenario and
the option of adding problem solving questions
at the end of four of the inquiry phases. For both
of these options teachers are also presented with
a graphic analysis report of the results of this as-
sessment for their students.
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Following Curiosity on Mars was presented in
the training and demo workshops “Inspiring
Science Lessons - Big Ideas of Science in in-
terdisciplinary approaches” held in: Ramnicu-
Valcea, Ploiesti, Aninoasa, Caracal, Suceava,
Magurele and Bucharest.

4. The Romanian Communities on
ISE portal

The portal is hosting many communities of
the science teachers. We created some com-
munities like The Romanian Science Teachers
Community: http://portal.opendiscoveryspace.
eu/community/comunitatea-profesorilor-de-
stiinte-723629

Figure 2. The Romanian Science Teachers Community

The newest community is dedicated to the Inspir-
ing Science Festival which will be held between
27 of April to the end of May in all The Romani-
ans Regions (http://portal.opendiscoveryspace.eu/
community/inspiring-science-festival-ro-840774)
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Figure 3. The Inspiring Science Festival-RO Community

5. ISE Workshops and festivals in
Romania

In Romania the ISE project was promoted
to over 6,000 teachers and enrolled over 400
schools until March 2016. We promoted all
the events from the project via e-mail, press
release, on the website community and on Fa-
cebook, where we created the “Inspiring Sci-
ence Education Romania” page (https://www.
facebook.com/pages/Inspiring-Science-Edu-
cation-Romania/393269194159210)

Ivapuring Sernee Téucation
Romints
prem —

Figure 4. Inspiring Science Education Romania FB page

In 2014-2015 we organized: two visionary
workshops for teachers, one student’s work-
shop and two practice reflection workshops. In
the same time we created a National Contest of
Inspired Science Lessons for teachers in part-
nership with INTEL (http://portal.opendiscov-
eryspace.eu/activities/723629).

Figure 5. Practice and reflection workshop, “Traveling in the Universe”
Sinaia, September 2014
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Figure 6. Big Ideas of Science for Inspiring Science Education,
October 2015 - “Grigore Moisil” National College, Bucharest

Figure 7. ISE Project presented at International Conference on Virtual
Learning, Timisoara, October 2016

In 2015-2016 we organized two series of train-
ing and demo workshops, one named “Inspir-
ing Science Lessons - Big Ideas of Science in
interdisciplinary approaches” and the other one
“Inspiring Science Experimental Approaches”
and a series of Inspiring Science Festival in the
development regions of Romania.

Figure 8. ISE team from Ilfov at Moisil College, Workshop Inspiring
Science Lessons - Big Ideas of Science in interdisciplinary approaches,
March 2016

The Training and demonstration workshops
“Inspiring Science Lessons - Big Ideas of Sci-

ence in interdisciplinary approaches” in the In-
spiring Science Education Project were organ-
ized at: The Teachers House Valcea on 13" of
February 2016, The Prahova School Inspector-
ate and The Teachers House Prahova, on 20%
of February 2016, “Sfanta Varvara” Secondary
School from Aninoasa, Hunedoara on 27" of
February 2016, “Gheorghe Magheru” Second-
ary School from Caracal, Olt County on 12" of
March 2016, “Grigore Moisil” National Col-
lege from Bucharest, Romania, on 5" of March
2016 and 14% of March 2016, “Horia Hulubei”
High School, Magurele, Ilfov county on 17" on
March 2016 and Natanael High School from
Suceava, on 19" of March 2016.

Almost 400 teachers of Science participated in
the workshops.

Figure 9. Big Ideas of Science in interdisciplinary approaches at
Suceava, March 2016

They discovered what is new on the ISE por-
tal, they talked about the Big Ideas of and
about Science, they ran the ISE demonstrators
and lessons. Mihaela Garabet presented the
Eratosthenes experiment which took part on
21" of March 2016 and the demonstrators Era-
tosthenes Experiment and Following Curiosity
on Mars.

The first Inspiring Science Festival was held
at Lugoj, in Timis county and it was very ap-
preciated, especially by the students. Just two
words are enough to describe it: excitement
and joy of knowledge. Some of the experi-
mental activities can be seen on: http://portal.
opendiscoveryspace.eu/activities/840774.
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Figure 10. Inspiring Science Festival at “Anisoara Odeanu School”
- Lugoj

6. Eratosthenes Experiment

Eratosthenes experiment is already famous
in Romania. In March 2016, 267 Romanian
schools from the worldwide 1142participated
in Eratosthenes experiment remake.

Eratosthenes Experiment Participation
o — by Country

r LEEN Pee e
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Figure 11. Eratosthenes Experiment schools participation in March
2016

Figure 12. Eratosthenes team from “Grigore Moisil” National College,
Bucharest, Romania, March 2016

7. Romanian finalist in the ISE

Learning Scenarios Competition
2016

The Inspiring Science Education Competition
has the aim to highlight excellence in the crea-
tion of learning scenarios or lessons based on
the tools, resources and materials available in
the Inspiring Science Education Portal.

The lesson Equilibrium and balance, made by
Cristina Nicolaita, from “Gheorghe Magheru”
School, Caracal, Romania was mentioned s
one of the 7 finalists of this competition.

Figure 13. Equilibrium and balance, made by Cristina Nicolaita, from
“Gheorghe Magheru” School, Caracal, Romania

Figure 14. Cristina Nicolaita, from “Gheorghe Magheru” School,
Caracal, Romania, showing her lesson in the ,Big Ideas of Science in
interdisciplinary approaches” Workshop at Caracal

8. Conclusions

The ISE Project is very apreciated in Roma-
nia, where the Science teachers are very open-
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minded and they knew that much effort is nec-
cesary for increasing students motivation for
learning.

The teachers are trying to do their best with
students which enjoy to use blended learning
instead of the traditional teaching and learning
methods. Everybody enjoy the e-tools reposi-
tory where there are a lot of resources. The ISE
Demonstrators are also very appreciated.

The applied questionnaires at the end of the
conducted workshops revealed that the teach-
ers need more training on how to develop IBSE
lessons and how to design the Problem Solv-
ing Questions for assessing student’s skills.

The ISE approach of teaching and learning sci-
ence has to be continued in Romania, where
we need more lessons scenarios and Problem
Solving Questions.
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Abstract

We live in dynamic environment that sets every-
day challenges to society and citizens. In order to
respond to this dynamics and develop adequate
behavior and necessary social, technological,
professional and personal skills we need a radi-
cally different approach to education. Our chil-
dren need to be prepared for living in a digital
society and be part of the so called knowledge
economy. In order to develop innovative products
with added value fitted to the information society,
Students must develop research skills, critical
thinking and scientific consciousness from their
very early age and developing working syner-
gies between classroom and research centers is
a must in the 21st century.

The importance of these processes has been
considered quite seriously by the European
Union and the European Commission has sup-

okouzov@mon.bg

ported a series of innovative projects such as
Open Discovery Space and Inspiring Science
Education that were expected to make the
change in the paradigm of the traditional edu-
cation. The article describes in detail the re-
sponse of one member state government to the
European initiatives and the reflection of the
idea for linking school education and scientific
research in the National Strategy for effective
implementation of ICT in education and sci-
ence in the Republic of Bulgaria for the period
2014-2020 [1].

The strategy sets its priorities in several direc-
tions, including but not limited to:

- Development of unitary modern ICT environ-
ment for education, science and innovations,

- Implementation of integrated digital manage-
ment in all spheres of education and science
and automation of the administrative work of
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university and school teachers and scientists;

- Priority development of generally accessible,
universal and compatible (standardized) digi-
tal content (including access through mobile
devices) as well as significant reduction of pa-
per workflow in education and science;

Keywords

Universal access, technological synergy, fibre
backbone, cloud technologies, inspiring sci-
ence education, ICT strategy, digital society,
knowledge economy

1. Introduction

The Strategy for Efficient Implementation of
ICT in Education and Science (2014-2020) sets
the basic goals, tasks, directions in the informati-
zation of the education and science system in the
Republic of Bulgaria up to the year 2020, as well
as defines the basic principles, approaches and
terms for successful realization of the informati-
zation process. It was adopted in early July 2014
by the Bulgarian Council of Ministers and was
widely accepted by the Bulgarian society. One
of the reasons for its universal impact not only
over academic circles but also over much larger
groups of organizations and business companies
is its integrated nature combining in unique way
the interests of educational and research commu-
nity as well as that of public institutions. The de-
velopment of the Strategy was inspired and sup-
ported by few major Pan European projects such
as Open Discovery Space (ODS) and especially
Inspiring Science Education (ISE). These initia-
tives clearly showed the major trends in develop-
ing modern education and science through creat-
ing synergy and utilization of common resources
such as cloud infrastructure, broadband com-
munications and education platform, concentra-
tion of digital resources and successful teaching
pedagogical practices.

The Strategy generalizes the expert vision of

ICT implementation in Bulgarian education
and specifically:

- Development of unitary modern ICT environ-
ment for education, science and innovations;

- Implementation of integrated digital manage-
ment in all spheres of education and science
and automation of the administrative work of
university and school teachers and scientists;

- Priority development of generally accessible,
universal and compatible (standardized) digi-
tal content (including access through mobile
devices) as well as significant reduction of pa-
per workflow in education and science;

- Development and adoption of recognized
standards and metrics for ICT competency in-
cluding ICT skills as a component in the career
development in education and science;

- Implementation of national external assess-
ment of digital competencies of primary stu-
dents on graduation and certifying IT skills of
students of specialized study course (profiled)
and vocational schools;

- Achievement of coordinated planning and
realization of ICT projects of the educational
and scientific institutions at European, national
and regional level — from separate initiatives
to realizing long-term and prioritized goals in-
volving maximum stakeholders and achieving
economy of scale;

The Strategy outlines how the concentration
of resources such as digital fiber backbone and
educational and science cloud ICT infrastruc-
ture could facilitate the synergy between edu-
cation and science and also help the automa-
tion of the administrative duties of educational
practitioners giving them more free time for
creative and innovation activities.

2. Implementation activities

Bulgarian educational community embraces
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the idea for implementing ICT innovation in
everyday work. Throughout the period 2014-
2016 more than half of the Bulgarian schools
took part in different activities related to im-
plementation implementing ICT innovations
in education thus supporting the implementa-
tion of ISE project. Some figures that could
describe the situation:

From the existing 2556 Bulgarian schools
(2015 est.) 1 327 filled e-maturity question-
naire (average score 74/100) and 1 246 pre-
pared an ICT action plan (1 169 did both).
Since international cooperation and exchange
of good practices is among the primary ISE
targets it is useful to mention also that 927
schools translated their plans in English or
other EU language, thus showing their inter-
est to collaborate. 871 of these schools chose
curriculum areas of interest relevant to science
when they filled their action plans thus show-
ing the huge potential for linking educational
with science activities nationwide. In these
potential BG ISE schools, there are almost 15
000 classes, 19 000 teachers and over 320 000
students.

The ICT Implementation Strategy was written
from well-known figures in the Bulgarian edu-
cation and Science - mainly working in ICT
departments of major universities and scien-
tific institutions. Among them there are also
people that participate in ISE being part of the
local partner institution. This synergy of inter-
est helped the team to promote within the strat-
egy some of the most important aspects of ISE
such as cloud technologies based education
and science development environment, unified
information environment and modernization
of education and science infrastructure, devel-
opment/implementation of digital publically
accessible and universal education resourc-
es, broadening up digital distance education
forms, production and use of information and
knowledge etc. The Strategy has three main
stages and most of the activities described
there fully correlate with ISE development and

penetration concept, thus giving ground to the
reasonable assumption that experts just decid-
ed to implement what proved to be successful
throughout ODS and ISE implementation.

3. ICT in school program

The national program ,,Information and com-
munication technologies in school“ (ICT in
school) of the Ministry of Education and Sci-
ence donated more than 6 Mln Euros in 2014
and 2015 to approximately 1000 innovative
schools based on their ICT preparedness. The
experts from the Ministry used e-maturity
questionnaires and school ICT action plans de-
veloped through ODS and ISE projects in or-
der to rank the schools and give them subsidies
for high-speed internet, Wi-Fi access and inno-
vative hardware (more than 20,000 computer
terminals, laptops, tablets and other devices
were installed in schools in that period).

il |

e

HALIMOHAAHA TIRONPAMA

“UKT B YY4HMAMLLLE"

Fig. 1 Cover page of ICT in school program of Ministry of Education
and Science — Republic of Bulgaria (http://internet.mon.bg/ikt)

Other important component of the national pro-
gram ICT in schools was the upgrade of the
national educational cloud infrastructure and
setting the major fiber lines connecting the 28 re-
gional educational inspectorates which are situ-
ated in the regional cities all across the country. A
special initiative was started for concentrating all
digital school resources countrywide to the edu-
cational cloud, as well as starting some strategic
talks with major ICT vendors such as Microsoft
and Google to facilitate the distance learning ac-
tivities with their software platforms. The Minis-
try of Education supported also through one of'its
establishments the purchase of Adobe Connect
platform software which enables few hundred
teachers simultaneously to communicate through
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5 different virtual rooms thus facilitating interna-
tional collaboration and massive participation in
projects like ISE.

4, Correlation between national
innovation initiatives and ISE
concept

As we could see, the major Strategy initiatives
are quite in line with the overall development
of the abovementioned large scale European
projects. Some elements of the three stages of
the Strategy, that could be considered relevant
to ISE concept for example, are as follows:

I stage. Key investments — short-term (2014-
15)

- unified backbone network, connecting re-
gional educational inspectorates, universities
and science centers;

- national ICT cloud infrastructure for the
needs of education and science;

- a backup center for storage, data processing
and provision of services;

- national digital education and study content
management platform;

- education portal and digital handbooks for all
sciences and mathematics subjects.

II stage. Mobility and security — middle-term
(2016-17)

- permanent optical or high-speed connection
with educational institutions;

- digital platform for video-training, telecon-
ferences and R&D;

- regional resource centers for data and con-
tent;

1l stage. Universality and sustainability —
long-term (2018-20)

- unified education environment for ubiquitous
learning (u-learning);

- transition to digital textbooks for all subjects;
- virtual classrooms and laboratories;

- open and universal access to education and
science resources.

Fig 2. Implementing the idea for universal backbone and ICT cloud
infrastructure [2]

5. Conclusions

As stated by Osborn and Hennessy ,, While there
are changes in the views of the nature of science
and the role of science education, the increas-
ing prevalence of Information and Communica-
tion Technologies (ICT) also offers a challenge
to the teaching and learning of science, and to
the models of scientific practice teachers and
learners might encounter...*“ [3]. In this aspect
we must confess that modern education sets se-
rious requirements to not only way of teaching
and learning but also to the basic understanding
of innovation and preparing kids for future life
challenges. Projects like Inspiring Science Edu-
cation are perfect manifestation of that concept
and Bulgarian Strategy for effective implemen-
tation of ICT in Education and Science and its
realization are valid proof that the EU message
was heard and well accepted by Member States,
encouraging innovation both at national and in-
ternational levels.

Our expert analysis that was made inside the
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Strategy shows potential benefit from its im-
plementation in several directions, related to
ISE, such as:

* Sustainable and beneficial environment for
provision of quality education and science;

* Strengthening teamwork and international
cooperation;

* More prepared school and university students
in view of life realities;

* Raise of school and university teachers’ and
scientists’ prestige;

* Free exchange of quality education and sci-
ence content;

* Strengthening the role of stakeholders in the
Pan European education and science space;

* More spare time and personal privacy for
teachers and scientists.

Inspiring Science Education project proved to
be successful not only through its implemen-
tation activities but also with its overall influ-
ence on national and international legislation
and strategic documents all across Europe and
Bulgaria is a perfect success story in that as-
pect.
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Abstract

We present a number of resources designed to
support teachers when teaching astronomy, and
to add a context to wider topics. The resources
use current research, and are all freely available
on the web. While they are largely targetted at
the UK curriculum there are clear applications
internationally. The resources are integrated into
best-practice demonstrators as part of Inspiring
Science Education (ISE).
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1. Introduction

The UK government has specified that science
and engineering are important for the global
economy [1]. Physics as a subject is seen as
the essential step for training in most science
and engineering disciplines and is therefore
in demand as a need for social and economic
growth [2][3]. As a mark of its importance, in
2014, the UK government pledged support for
£67 million in new programmes to train spe-
cialist maths and physics teachers. However,
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the number of students taking A Level physics
is declining [4][5]. Furthermore, in the 2012
PISA survey, the UK ranked 21st in Science out
of 65 countries [6] with no improvement seen
since the previous 2006 survey. An important
regime is thought to be the transition period
defined as ages 11-14 where students appear to
lose their interest in physics, or motivation for
studying further. We also see a sharp decrease
in the number of female students who wish to
study physics at a more advanced level, with
only one in five Physics A Level students be-
ing female, and one in five schools sending no
female students on to do physics at age 16-18
[7]. Improving the student learning experience
and increasing student preparation for physics
in later school years could potentially improve
physics take up (or at least improve the learning
and teaching experience). In particular, there
are many recommendations for an emphasis
on using science enquiry in the classroom [8].
This can be enabled by integrating current re-
search into the classroom, and providing op-
portunities for school children and teachers to
take part in the scientific process.

Using real research tools and real scientific
data can promote scientific understanding
as well as provide practise of the scientific
process [9]. Here we outline a number of
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resources we have created or upgraded in
order to provide examples of current, excit-
ing research activities and bring research to
the classroom. Each resource is stand alone,
freely available to all and is accessible on-
line, built to capitalise on the increasing use
of internet and web-based in the classroom
[10][11] [12]. In tandem, each resource has
an example (best-case) demonstrator for
teachers to clone and use as a template, be-
fore they adapt or edit as appropriate for their
own classroom requests. These resources are
provided with links to curricula for the UK
where appropriate, with a specific aim to
improve usage by teachers in a country that
is focused on a strict curriculum-defined
education [13]. Although, our resources are
focused and designed around astronomical
concepts and research, we are, in fact, using
astronomy as a tool, or hook [14][15], to im-
prove teaching of fundamental concepts in
physics and science. Indeed, the Institute of
Physics surveyed physics undergraduates at
eight Russell Group universities and found
that for 53% of first year students, astrophys-
ics was of significant interest in attracting
them to their physics programme [16]. Fur-
thermore, the intake of male and female stu-
dents to GSCE Astronomy in the UK is 60:40
compared to the much larger gender bias of
~80:20 seen in physics (e.g. [14]).

Here we present some of the astronomy re-
sources included as part of the Inspiring
Science Education (ISE) project [17], and
designed to teach concepts such as the life-
cycle of stars (Section 2), the electromag-
netic spectrum (Section 3), rocket science
and optics (Section 4). (For other astrono-
my-based resources see the review in [14].)
In what follows, we introduce each resource
under their generic science focus, link to the
research carried out in that area, and discuss
the resources we have created for engaging
students and teachers in meaningful scien-
tific experiences.

2. Lifecycle of stars

This topic consistently features in high-school
curricula (e.g. [18][19]) but anecdotal evidence
has suggested that it is a topic which teachers
feel uncomfortable teaching. In the UK the
number of physics classes taught by teachers
without a relevant higher education qualifica-
tion in physics increased from 21% to 28% be-
tween 2010 and 2014 [20]. Even teachers with
a background in physics are often unfamiliar
with the astrophysical concepts in this topic.

Furthermore, it is a big challenge to clearly pre-
sent the different stages in the life of stars in a
way that is both visually appealing and scien-
tifically rigorous. We found there were very few
time-lines for the evolution of stars that did not
contain a very high level of detail or did not sim-
ply present vague snapshots of the life cycle of
stars. This led to the creation of Star in a Box.

2.1 Star in a Box

Star in a Box (SiaB) [21][22] is an interactive
Hertzsprung-Russell diagram, which com-
pares the brightness of stars against their tem-
perature to show the different types of stars and
their lifecycles, from formation to death. The
underlying science is based on the published
theoretical isochrone models of [23]. It al-
lows the user to interact with the resource by
comparing different information and reading
values of stellar mass, temperature, age etc., as
well as fundamentally seeing that the proper-
ties of their “model” star change as it ages.

Students can interact with the graph and learn
names of the stages of stars e.g. main sequence,
red giant etc., as shown in Figure 1. Some of
the features include: (i) exploring the lifecycle
of stars with different masses; (ii) learning the
names of the different stages; (iii) plotting and
clicking on a graph to see where different stars
sit in terms of their brightness and temperature;
and (iv) the ability to download data and create
their own plots in Excel or other software.
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Figure 1. Screenshot of the Star in a Box web tool.

Exploring SiaB raises questions about why
stars have different stages as they age and why
stars have different properties. Students can use
their knowledge of the lifecycle of stars to plot
their own versions of the HR diagram and ex-
plore what this graph means. After using this
resource, students can: (i) describe the rela-
tionship between a star’s mass and its life span
(ii) state that stars above a certain mass end
their lives in a supernova (iii) name the stages
of a star’s life cycle for different masses of star
(iv) describe the relationship between a star’s
mass, age and its position on the Hertzsprung-
Russell diagram.

To help familiarise students with the HR dia-
gram, they are provided with data on nearby
stars in order to allow them to plot their own
HR diagram using cut-out circles (e.g. Figure
2). This activity allows students to gain experi-
ence with (i) logarithimic axes (ii) the vocabu-
lary of luminosity/brightness and temperature
(iii) the link between colour and temperature
and (iv) understand that stars have different
sizes (e.g. giants/supergiants/dwarfs). It also
provides a kinesthetic element to this activity
and is therefore a powerful way to get students
involved with creating their own plot, discuss-
ing what they can see (the Main Sequence etc.)
before they move onto further study with the
interactive online SiaB.

The basic tool is for all ages, but supplemen-
tary activities and questions as included in the
ISE demonstrators are provided for students

at different levels. The questions for 14-16 are
aligned with the content of the UK secondary
curriculum, combining learning the subject
knowledge with using numeracy skills to plot
and interpret the HR diagram. Using the data
exported from SiaB, advanced students can
also plot the parameters on view as a function
of time, and compare different stars with each
other in a more numerical way, and explore the
Stefan-Boltzmann Law.

Figure 2. A example of «paper based» SiaB in the classroom - a HR
diagram made bu students using paper. After this activity, they move
on to the online SiaB resource.

Although SiaB is an online, interactive tool all
of the software is available publicly. To make
SiaB able to be used in a wide variety of sce-
narios, the web technology used to create this
online tool has virtually no dependencies, be-
ing built on HTML, CSS, and JavaScript. SiaB
can be downloaded and run locally without
any specialist tools, other than a web browser.
To further widen the use of SiaB we have made
it available in multiple languages, thanks to
translations by volunteers.

3. The Electromagnetic Spectrum

A huge range of astronomical objects and phe-
nomena can be seen at different wavelengths,
from the afterglow of the Big Bang at micro-
wave wavelengths, to the most extreme ob-
jects in the Universe in gamma rays. Although
knowledge the full range of phenomena is not
generally expected of students, exploring the
Universe across a range of wavelengths can give
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a useful insight into the EM spectrum. Much of
the difficulty in making the observations is that
large regions of this spectrum (other than vis-
ible light and parts of the radio spectrum) are
heavily scattered or absorbed by the Earth’s at-
mosphere [24] and so require experiments on
sub-orbital rockets, balloons or satellites. The
need for space telescopes, is a subject that can
inspire and engage students, and links to many
other parts of the curriculum.

Figure 3. Chromoscope [24], showing the sky as seen by Planck [32].

3.1 Chromoscope

A fun resource to allow students to deepen their
understanding of the EM spectrum is Chromo-
scope [25]. This resource lets you explore our
Galaxy (the Milky Way) and the distant Universe
in a range of wavelengths from gamma-rays to the
longest radio waves (covering the full EM spec-
trum). Using a simple interface, one can change
the wavelength, explore the sky, and zoom in on
regions using only your mouse or touchscreen
interface. Chromoscope provides an exciting
and engaging way to explore the electromagnetic
spectrum through the Universe.

Features include: (i) exploring the sky; (ii)
zooming on a region; (iii) fading between wave-
lengths; (iv) searching for specific objects; (v)
switching between 16 different language trans-
lations provided by translators in the communi-
ty; (vi) embedding within other websites and/or
installing locally on a standalone machine; (vii)
displaying tags in KML file (c.f. Google Earth);
(viii) displaying constellation outlines; and (ix)
sharing the link to the current view with others.

The multiwavelength data displayed in Chro-
moscope (see Figure 3) is real data from as-
tronomical observatories and telescopes. This
includes: gamma rays (Fermi [26]), x-rays
(ROSAT [27]), visible light ([28][29]), Hydro-
gen alpha [30], near-infrared (WISE [31]), far-
infrared (IRAS [32]), microwave (the Planck
Satellite [33]) and radio waves [34].

Each tile-set used for Chromoscope contains
over 5000 images, covering a range of zoom
levels. While compressed archives are not too
large (typically 10-50 MB per wavelength),
the uncompressed files take up a large amount
of space and bandwidth. The latest version is
available on Github [35] and the data files can
be downloaded individually if required [36].
Every zoom level quadruples the number of
images required, and so for higher zoom levels
users are able to link to higher resolution al-
ternatives, such as World Wide Telescope [37].
Although the source files for the live version
are stored on scalable infrastructure, users re-
quiring faster access can store them locally.
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Figure 4. Multiwavelength Universe [36].

3.2 Multiwavelength Universe

The Multiwavelength Universe tool [38] tests stu-
dents’ knowledge of the EM spectrum in the con-
text of astronomy, and asks them to research fur-
ther. The interface allows users to match up the
images of objects seen as different wavelengths
(see Figure 4). Responses are scored and a final
result given. Exploring the Universe in this way
should raise questions about why regions of the
sky, and specific objects, change their appearance
with the wavelength of observation. Students can
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then use their knowledge of the EM spectrum
to explain and make sense of the differences and
similarities between wavelengths. To aid students
with further work, information about every ob-
ject is provided, along with web links for further
information, to allow students to research a cho-
sen object and conduct further investigation.

4. Satellites and space observatories

With the ever-increasing impact of satellites
and other space-based technology on our lives,
the nature and applications of satellite technol-
ogy are becoming more prevalent in the school
curriculum at all ages [39][40]. The uses of
satellites include communications satellites,
Earth-observation, space-based astronomical
observatories, and human spaceflight.

At primary and lower-secondary phases, the top-
icis often used as a context for teaching about the
scale of the Universe, life in space and the uses
of satellites, as well as teaching a range of other
topics such as forces and motion. At secondary
school, students are expected to have an appre-
ciation for the physical principles of reaching
space, though the detail to which this is required
depends on the age. The educational applications
range from an understanding of the uses of multi-
stage rockets, to calculations of the orbital speeds
required. In the context of space observatories,
there are many other curriculum links, from the
electromagnetic spectrum (see Section 3) to the
optical resolution of telescopes.

Figure 5. Design a Space Telescope [39].

4.1 Design a Space Telescope

The Design A Space Telescope tool [41] allows
students to use their knowledge of a range of
topics to design a space telescope to meet a set
of mission requirements. It is aimed at second-
ary school students aged 14-18. Students must
specify: (i) the mirror size; (ii) the scientific in-
struments used to make observations, specifi-
cally the wavelengths (from sub-millimetre to
ultraviolet); (iii) any cooling required for those
instruments; (iv) the orbit to be used; (v) the
launch vehicle; and (vi) the launch site (see
Figure 5). An “advanced” mode adds in spec-
trometers as an instrument option, more real-
istic consideration of the cooling technologies,
and a wider range of rockets and launch sites.
A drop-down menu displays the masses, costs
and sizes in order to help students keep within
budgetary and practical constraints.

Masses, costs and mission scenarios are semi-
realistic, based on past, current and future
astronomical instruments and space observa-
tories. Supporting material is provided via an
online guide, so teachers do not need to be fa-
miliar with all the details. The web tool works
in all modern browsers, and does not require
any additional software or plugins. There is a
lot of text, particularly in the guide, but it is
hoped that in the future it will be possible to
provide a version that is translatable.

Figure 6. Screenshot of a student using Star in a Box on a tablet.



INSPIRING SCIENCE EDUCATION

134

An offline, downloadable version of the tool
[42] performs the same calculations using a
Microsoft Excel spreadsheet, accompanied by a
downloadable student guide. This also includes
example questions that link to a range of areas
of the school curriculum.

The motivation for this activity stemmed from
a similar process that takes place at the Euro-
pean Space Astronomy Centre (ESAC) when
designing future missions, which also uses cal-
culations in an Excel spreadsheet - though in
that case the calculations are of course more
detailed.

5. Examples of use

The resources detailed above have been inte-
grated in the best-practice demonstrators for
the ISE project, with the learning scenarios
available through the ISE UK community [43].
Photos of their use are shown in Figures 6 and
7.

To date, the ISE resources portal have had over
18,000 unique visitors and over 5700 European
teachers registered to use the resources dur-
ing 2015. In total over 1500 learning scenarios
were created by teachers across Europe in 2015.
In the UK, 999 delivery sessions of ISE learning
scenarios took place. Three of our resources
have been selected as one of 34 Inspiring Sci-
ence Education “Showcases” [44] making them
very prominent amongst almost 100 demon-
strators currently available as part of ISE.

6. Conclusions

We have developed a number of online, in-
teractive resources to help bring astronomy
research into the classroom. For the UK, we
have added curriculum links where appropri-
ate and show that these resources encompass
fundamental physics concepts, as well as pro-
mote deep learning in STEM subjects in gener-
al. All of these resources are open access, both

in terms of the underlying software and their
access for students and teachers globally.

Figure 7. Photo of students using the Multiwavelength Universe tool.
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Abstract.

Anatolia College is a non profit educational
institution in Greece. Cultivating Environ-
mental Awareness has always been a priority
in Anatolia College and both the Elementary
and Secondary school have an Ecology and a
Green Club. To provide a systematic introduc-
tion in the basics of the Green Initiative & an
integral approach to the Green Field, Anatolia
College established a Center for Green Educa-
tion, the first of its kind organized worldwide
by a High School.

The Center will soon start its operation, aim-
ing at making students familiar with Green
Chemistrys principles and able to compre-
hend certain environmental issues and what
sustainability is.

Keywords.

Green Education, Green Initiative.

1. Introduction

By educating future citizens on environmen-
tal issues, starting from early education stages,
any community can have a wide-ranging and

ebokis@anatolia.edu.gr

long-lasting, positive environmental impact
on the world. Younger students can be molded
into environmentally concerned adults, help-
ing to bring the harvest by planting the seeds.
Introducing simple and every day examples
provides students with the appropriate stimu-
lus in order to cultivate an environmentally
friendly way of thinking and acting [6].

The “Green Program” can contribute to raise
environmental awareness and can thus have an
impact on consumer behaviour and everyday
lifestyle of students [3].

What is Green Chemistry?

Green Chemistry is the Chemistry that pro-
duces non toxic products, through procedures
that do not destroy the Environment and do not
harm human health. Moreover, Green Chem-
istry is the “Chemistry of Reduction”: Waste,
Danger, Cost, Materials, Energy, Non Renew-
able sources [1, 2].

Why Green Chemistry for Students?

Green Chemistry is a way of thinking as well
as acting. Green perception deals with all the
environmental problems by taking into ac-
count the protection of the Environment [4].

Every citizen should become familiar with the
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meaning of Sustainability, as well as with the
12 Principles of Green Chemistry.

2. Aims of the program

Students should get familiar with Green
Chemistry’s principles and comprehend cer-
tain environmental issues and what sustain-
ability is. Students should learn how to design,
organize and implement certain environmen-
tal activities working in groups, starting from
their schools and expanding to other schools,
cultural associations, provinces, etc.

Students should develop special communica-
tive and social skills that will allow them to
contribute in improving the quality of life and
building a society with more sustainable con-
sciousness.

3. Description of the Program

The establishment of the Anatolia College
Center for Green Education is an educational
breakthrough, as there has never been a Green
Education Center organized by a high school
(the environmental education of students
worldwide, is offered by higher education In-
stitutions). The Green program will be avail-
able for Elementary and Secondary school stu-
dents. This innovative program is the first of its
kind and aims at introducing younger students
to sustainable development, protection of the
environment and preservation of resources,
through application of Green Chemistry prin-
ciples.

3.1. Content of the Program

The educational activities selected and or-
ganized were divided in four theme units, the
same for both Primary and Secondary Educa-
tion, and will be presented at a different level
of difficulty, depending on the age and the
theoretical background of the audience. The
theme units are: Energy, Water, Soil and Food
Chemistry. In every unit a certain pattern is

followed: concerns on the issue are provided,
a sample of education activities is given and
the experiments to be performed in the lab are
fully described.

3.1.1. Theme unit: Energy
Concerns:

Coal and lignite, soil and natural gas are used
to produce almost 90% of the energy world-
wide and their use is not going to be reduced in
the future due to increasing demand; although
production and consumption of non-renewable
energy sources contribute to climate change
and despite the fact that renewable energy
sources’ use is increased (figure 1).
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Figure 1: Renewable Energy Resources

European Commission:

Energy Strategy for Europe kot U.S. Energy
Information Administration [3].

A sample of educational activities:

Microwave assisted esterification for produc-
tion of fruit and flower perfumes

3.1.2. Theme unit: Energy

Microwave assisted synthesis of esters with
floral and fruity scent:

An educational organic chemistry laboratory
experiment has been developed, that features a
discovery based microscale Fischer esterifica-
tion utilizing a microwave reactor.
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Fischer esterification requires the boiling of a
mixture of acid and alcohol with H,SO, as a
catalyst, and after equilibrium is obtained, the
ester is separated and cleaned up with time and
energy consuming procedures.

Scheme 1: Advantages of microwave assisted esterification

Microwave assisted reaction is performed in a
short duration of time, 1 minute compared to
2 hours, while energy consumption, reaction
yield, cleanliness of the product and absence of
solvent, make the reaction greener (Scheme 1).
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Scheme 2: Microwave assisted esterification

Groups of students synthesize a unique ester
from known sets of alcohols and carboxylic
acids (Scheme 2).

Each group identifies quantitatively the pro-
duced ester by matching their scent to that
of known synthetic commercial products and
by using Thin Layer Chromatography (TLC)
method (Scheme 3).

I 1 T 1
| | |.- : | | | | 1
it ts HeH e

Scheme 3: TLC Methodology for Ester Qualitative Identification

4. Educational approach

The program is based upon lab activities, in-
terdisciplinary and project based learning.
Particularly, during the program the complex
and confusing science topics can be compre-
hensively presented through direct connection
to everyday life. Hands-on activities, as well
as interactive lesson plans (interdisciplinary
approach), are the basic components of this
project-based approach.

5. Anticipated results

Upon completing the Green Education Pro-
gram students should be able to:

Understand complex and difficult terms that
are presented through their applications in eve-
ryday life

Comprehend terms as: Sustainable Develop-
ment, Life Quality, Environmental issues and
dangers

Validate Green Chemistry and its ability to in-
novate and provide solutions to problems

Participate in group activities and actions that
contribute to the upgrade of everyday life
quality.

6. Conclusions

The Center for Green Education at Anatolia
College is a “Green” initiative that aims to
provide students with the essential informa-
tion and knowledge to raise their environmen-
tal awareness so that as citizens of the future,
they’ll move the world towards a more sus-
tainable direction
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Abstract

In this paper we will present a scenario that is
being used to support teachers being trained
on the use of the Inspiring Science Education
(ISE) authoring tool. In the framework of this
project NUCLIO is promoting a national series
of events where demo activities are promoted in
schools from several different regions in Portu-
gal. The main aim is to provide a concrete ex-
ample on how to build a successful lesson using
the inquiry methodology while targeting con-
tent of the curriculum. The main target age is
students from grades 7th to 9th. This activity is
supporting the vision that by using the proposed
methodology we are enhancing the problem
solving skills of the students while addressing
topics of the national curricula.

Keywords

Astronomy, inquiry, planetarium software

1. Introduction

Inspiring students for science subjects is a
challenge being faced all over the world. In
particular, when they reach the 7" grade, other
interests are beginning to take the lead in their

minds and very often we find a steep decline in
their interest for science.

In this workshop we present a very success-
ful experience in Portugal where we are invit-
ing teachers and students to embark in a fun
and very educative session. Several innovative
components are presented in the implementa-
tion of the Babies and Moon scenario (fig. 1),
built using the Inspiring Science Education
platform. A brief description of the whole ex-
periment is presented here.

Figure 1. Planetarium Software Stellarium
2. The method

The exercise follows the inquiry based learning
methodology and tries to use a cross disciplinary
approach targeting topics from different subject
domains. In Portugal students from the 7" grade
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have to revisit the phases of the Moon and the
Earth-Sun-Moon system as a whole. In this ex-
ercise we try to target misconceptions related to
the Moon while inviting students to make their
own research. The topic to be discussed is the
influence of the Moon in us, in particular on the
birth of babies. Students are invited to make
their own hypothesis and propose their own
experiment in order to prove their hypothesis.
In this workshop we are presenting a structured
inquiry, as we drive the students, after letting
them explore the multiple possibilities using a
planetarium software, namely Stellarium.

Students start by checking the phase of the
Moon on the day they were born and produce
a whole classroom dashboard with the collected
data. After all information is retrieved they ana-
lyse the distribution and start drawing their own
conclusions. A classroom discussion follows. A
general discussion about the validity of the data
and glimpses of statistics and error is also intro-
duced. In the next stage they are invited to dis-
cover if the phases of the Moon are the same, on
the same day, in the different hemispheres. Us-
ing the same software, they are invited to virtu-
ally visit different parts of the planet and explore
the differences of the Moon as seen from differ-
ent angles. The next challenge is to discover if
Earth as seen from Moon (fig. 2) exhibits phases
and to understand the duration of the phases and
its correlation with the Moon phases.

Figure 2. The Earth seen from the Moon using the software Stellarium

After they complete their research they are
invited to discuss their conclusions with their

colleagues. Finally, a whole classroom discus-
sion is set and students are invited to discuss
the results of their experience.

The teacher acts as a tutor in the whole process
gently driving the students along the whole
process.

3. The tools — Building Scenarios
with Inspiring Science Education
authoring tool.

The whole scenario was built using the Inspir-
ing Science Education authoring tool. The tool
allows the construction of the different steps
with very useful tips on how to present the ma-
terial and which problem solving components
to explore in each phase. The proposed soft-
ware to explore and retrieve the necessary data
is Stellarium, Stellarium and Celestia are both
exceptional tools for teaching astronomy and
can be used in the classroom to demonstrate
various astronomical concepts.

Stellarium shows a realistic sky in 3D and
can be used to demonstrate, for example; the
movement of the planets and stars, the constel-
lations, the brightness of various objects and
what objects can be seen from different geo-
graphical places at different times of the year.
It can also be used to explore the sky on spe-
cific dates in the past and in the future ranging
from year -99.999 to + 99.999. The tool is very
precise and scientifically correct. It presents a
modern design and is visually very appealing.

4. The experience

Students find it very interesting to be able to
explore the sky on the date they were born. In
particular students that have not used the tool
before tend to get lost with the numerous pos-
sibilities for exploration.

The Moon exploration using this tool allows
students to explore in depth the different phases.
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In many of the cases where we did the experi-
ment for the first time students felt a bit un-
comfortable with the proposed methodology
but with the continuation they began to be
more interactive and participative.

We had two different groups of teachers par-
ticipating / proposing this activity. Many of
them have participated in professional devel-
opment activities where they learned how to
use the different tools. But one of the purposes
of these demo activities in school was to at-
tract the attention of new teachers, many not
experienced in student centred practices at all.
For the experienced teachers this was a good
opportunity to put in practice their learning

during the training events. For the newcomers,
in general, it was a pleasant surprise.

5. Conclusions

In the particular case of Portugal this part of
the curriculum is appreciated, in general, by
students. Several different activities, using in-
quiry, can be used in alternative. But the use of
ISE platform and Stellarium as an additional
element to the activity provoked a very good
reaction from the part of the students. Further
studies are now necessary in order to identify
how well students retained the delivered con-
tent.
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Abstract

We live in a digital era. Students today are
the digital natives that use digital media very
often and with ease. However, when working
with students one notices that they are, in fact,
computer and media illiterate.

The main goal of today's IT science classes is
not only to teach students basic computer skills
but to also provide them with appropriate and
more in depth media and computer literacy.

This paper presents the results of an experi-
ment conducted with primary school students
(age 14). Upon mastering the Office 365 plat-
form, children were given assignments to re-
search topics in groups. Themes were selected
and distributed with the specific goal to stimu-
late research options for learning media.

Keywords

Digital media, media literacy, Office 365 por-
tal, project based learning, web 2.0 tools

1. Introduction

The future is now [1]. Although we think that
kids nowadays are competent with new tech-

mirena.maljkovic@skole.hr

nologies that are growing at an alarming rate
every day - we couldn’t be more wrong. The
kids today and the kids that were born in our
time, are in fact the same. They are just kids.
They are born with the same feelings, abilities
to develop skills and curiosity to discover the
world. However, the circumstances of growing
up in modern civilizations have changed and
that is understandable. The underlying prob-
lem is that adults are not changing adequately
enough to keep up with the changes in order to
be competent parents and teachers. Thus, we
provide children with all of these technologies
but we ourselves are uncertain of what to do
with it, since we are unable to show them how
to properly use new technologies.

Thus, we provide them with new hi tech things
and expect them to learn how to use them by
themselves and to not get into any danger.
Moreover, we hope that they will use it for
smart things, such as learning, exploring or
any other positive aspects. Our expectations
are unrealistic.

We don’t give two-year-old children knives
and expect them to know how to slice bread
and to naturally, not injure themselves, after
only a few hours. Today’s children are no dif-
ferent. They also need guidance, maybe now
more than ever before.
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Students today are the digital natives that use
digital media very often and with ease. This
possibility gives them the impression of hav-
ing a vast and solid knowledge in digital me-
dia. However, when working with students,
one notices that they are, in fact, computer and
media illiterate.

According to Wikipedia, Media literacy edu-
cation provides tools to help people critically
analyze messages, offers opportunities for
learners to broaden their experience of me-
dia, and helps them develop creative skills in
making their own media messages [2]. This
is one of the underlying reasons for this pa-
per, which actually presents a report of the
project that the author conducted with their
students. It is perfectly clear that even if Cro-
atian students are acquiring adequate IT edu-
cation, regulated by curriculum and despite
the bad equipment, it is insufficient in terms
of the upbringing of new generations. Even
the authors Pfaff-Riidiger, Riesmeyer and
Kiimpel, in their research conducted in Ger-
many, came to the conclusion that the role
of the school in mediating media literacy is
marginal — generally speaking, the curricu-
lum only includes technical skills like type-
writing and handling of Microsoft Word [3].
It is important to emphasize that the role of
the IT teacher is not only to educate students
on how to gain skills in handling software
and hardware, but it is also to provide them
with proper media literacy. As author Frau-
Meigs states: “By building knowledge and
competencies in using media and technology,
media literacy education may provide a type
of protection to children and young people
by helping them make good choices in their
media consumption habits, and patterns of
usage.“ [4]

There is still no consensus on how to prepare
today’s children for the new world. Prensky
suggests Plan B as he concluded that students
today need an education that moves past the
academic model of “learn now so you can ac-

complish later” to a new model of “accomplish
now, and learn as you do.” [5]

This paper presents an IT class conducted in a
different manner to what was initially set out
in the curriculum. The point of this experiment
was to briefly introduce students to new tools
(based on the Office 365 platform) and to then
hand over the teaching baton to them. A teach-
er is a kind of mentor, a coordinator for group
work and a traffic officer who guides in the
right direction. In this type of project, students
are greatly responsible in the self-learning pro-
cess with higher intrinsic motivation. The ex-
pected results of this type of project are longer-
lasting knowledge with students experiencing
a higher sense of self-confidence upon project
completion.

Moreover, learning in an online environment
does not seem boring due to the projecting
environment that is closer to today’s genera-
tion. A significant portion of their lives is taken
over by social networks. It important to teach
today’s students on the hazards of social net-
works, but to also give them the opportunity to
get acquainted with the educational purpose in
such an environment.

2. Choosing the right LMS tool

During my work as a teacher, I held g various
discussions with my students regarding the
internet and internet services. From grades
5-8, they learnt what the internet is, how it
functions in theoretical terms, what are its
main services and purposes, by means of a
vertical type of curriculum. Throughout this
period, we talked about the internet from a
critical point of view. I came to the conclu-
sion that the 8" grade students’ awareness s
regarding the accuracy of information in the
internet world was very high. They had de-
veloped a way of thinking in terms of what is
and what isn’t useful on the internet and the
skills needed for retrieving the right and ac-
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curate information on the internet. After years
of experimenting and learning in different ap-
plications, students developed skills and au-
tonomy to learn by themselves and to “man-
age” new applications without fear of doing
something wrong.

Thus I came to the conclusion that it was time
for a higher level of their learning and infor-
mation processing.

The important question was to find the right
tool which would support my idea of creating
the project. The tool had to have good features
for team work - easy sharing and collaborative
options for working on documents (as well as
on presentations), the possibility of easy com-
munication among students in groups and with
the teacher, and some additional tools for polls
and announcements. And, of course, another
important requirement is that the platform pro-
vides a safe environment for working within
closed groups.

Throughout the past years, I have introduced
various tools (Edmodo, Google Drive, Moodle
platform) into my classes, but after a thorough
analysis of the Office 365 portal, I decided to
go with it.

An additional argument for utilizing this type
of online learning was to bring learning closer
to my students by using tools that they use in
their everyday life — social networks, instant
online communication and simply working on
computers at their own pace. As Office 365 of-
fers Yammer, a social network with features
similar to Facebook, I decided that it was the
best choice. Based on students’ feedback, I was
right. An important feature of Yammer and the
other Office 365 applications is that they have
the option of using smartphones to connect and
collaborate. I cannot get used to the fact that
when I walk through my school’s hallways |
see my students with their heads deep in their
smartphones. So, I decided to use that as an
advantage for motivating my students to work
on their school projects.

3. Plan and Implementation of project
— Exploring Web 2.0 option for
education using the Office 365 Portal

The project that was conducted with students was
written in ISE Scenario using ISE Portal. All of
the phases will be explained in detail in this paper.

3.1 Orienting & Asking questions — Get fa-
miliar with the Office 365 Portal

In this phase we started concretely working
on our project. First I introduced my students
to the portal. I showed them how to login (us-
ing Carnet identity service) on the website
https://office365.skole.hr/ and then I showed
them what the portal offers. The initial intro-
duction of the Office365 portal was conducted
in a real classroom through frontal learning.

All students and teachers (Croatian academic
community) have access to the Office 365 por-
tal by using the Carnet identity service (e.g.
mirena.maljkovic@skole.hr). Through this
portal, students can download up to five Mi-
crosoft Office licenses (Figure 1).

B FE QO OFEF @ -

Figure 1

The portal also provides online services as
shown on Figure 2, such as Yammer (So-
cial Network), One Drive (Cloud storage),
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Delve (Collaborative work), Video (Upload
and exploring Video and video channels),
Word Online, Excel Online, Power Point
Online, OneNote Online (notebook online)
and Sway (interactive presentations and pa-

pers).
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Figure 2

After students logged into the portal and explored
the environment, | emphasized the specific tools
that I expected to be used during their project.

First I showed them One Drive — cloud stor-
age service with 1 TB capacity.
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Figure 3

The advantage of this is that the folder can be
shared with others, which we use during our

project (Figure 3). We did an exercise to try
to upload files, make folders and most impor-
tantly, share folders and files with teacher and
colleagues.

After the exercise in One Drive tool, we got
familiar with Word Online. This tool has all
the important features like the classic Word
application, but an advantage is that a docu-
ment, once opened, is automatically saved
on One Drive Folder and, of course, shared
with other persons (Figure 4). Changes per-
formed to the document are immediately ev-
ident to all persons allowed to access it. And
for each person accessing the document you
can see what is being edited. That feature is
very practical for this type of collaborative
learning.

Figure 4

Students managed the One Drive and Word
Online easily because they were familiar with
the tool so they just upgraded their knowledge
with the document sharing feature.

On the other hand, Sway was more chal-
lenging. It is a tool for making presenta-
tions, but these presentations are not so
similar to Power Point. Since I wanted my
students to be more independent, I asked
them to learn how to make a Sway presenta-
tion on their own. I directed them on how to
search and watch online tutorials. However,
sharing the presentation was our mutual ef-
fort (Figure 5).
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Figure 5

And finally, the most important channel for
student - student and teacher - student com-
munication is Yammer. In Yammer I created
closed groups with the colleagues. (Figure
6).

While working in Yammer, students can com-
municate through chat, but the tool also pro-
vides other means of communication, such as
Posts, Announcements, and Polls.

As expected, students accepted Yammer and

3.2 Hypothesis Generation and Design - Di-
vision of tasks

After students became familiarized with the
Office 365 tools and options, they were divid-
ed into two groups within the class. The group
division was conducted by random selection.

The students were divided in two groups, each
containing 5-7 students. They were orally pre-
sented with the subject and were given short
instructions for approaching and processing
the subject.

The first exercise is to have a “live” discussion
and to delegate a group leader, leaders deputy
and work assignments. Then, the group name
needs to be defined. Yammens survey can be
used for that purpose (Figure 7). After groups
have been established, the teacher creates Yam-
mer groups and includes group members.

Each group gets its subject:

Web 2.0 tools

Communication tools on Internet

Educational tools

Safety on Internet

On-line shopping

managed it with ease. Office 365.
Google Drive
-
° —
°- ——
: = .
e ———1
. :
o \ 8 / C s
/ Figure 7

Chat
Main wall

Figure 6

The second Exercise: Students explore the
subject in general. After they are acquainted
with the subject, they engage in a more detailed
task assignment after which they explore and
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acquire the data. The acquired data is being
shared via One Drive or written in the Word
online shared document (Figure 8).
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Figure 8

3.3 Planning and Investigation

After students have studied their subjects, they
are assigned tasks.

The leader has to communicate the task as-
signments on Yammer. Also, the leader needs
to be available to the group in case their help
is required.

Students are divided based on the following
tasks:

* Acquiring and selecting important data —
texts and pictures (no copy-pasting of large
amount of data because it requires extra effort
for e.g. person who creates a movie)

* Creating a Sway presentation (two students)
* Creating a promotional movie of the subject
or video tutorial of the tool (two students)

* Creating a Kahoot quiz which follows con-
tent presented in Sway project and movie

* Each task is mostly assigned to two students,
one of which is leading the presentation.

The teacher helps in case of a problem. Usu-
ally, the first question is where to start from.
The teacher can point to the Yammer wall or
chat. For example, with “Educational tool”
subject pupils have been directed to Carnet’s
e-Laboratory.

Students who are creating Sway presenta-

tions are obliged to share their work with the
teacher, so that teacher is informed about the
content and able to correct it, if necessary. Stu-
dents do everything by themselves, acquiring
the data, getting acquainted with the tools for
project and sharing.

3.4 Analysis / Interpretation

After the data has been collected, it has to be
processed for reading the information out of
it. Depending on the gathered data or informa-
tion, this step can be very complex. Therefore,
the teacher and/or an analysis-tool can help.

Teachers can support the students)> process
of data investigation by organizing collected
data and interpreting them by identifying key
issues.

When solving problems, solutions found by
experts can also be examined, and compared
with the students> own solutions for the same
problem.

The opinions or results of experts can be found
by students via online or offline inquiry pro-
vided by the teacher via links/documents/other
materials.

When projects are done, students present their
projects in front of another group. First, they
present their Sway presentation, and then the
movie (which can be integrated within the
Sway presentation). Upon completion, the
listening group takes the Kahoot quiz, which
verifies their gained knowledge.

3.5 Conclusion & Evaluation

After each group has presented their project and
verified the gained knowledge of the listening
group via Kahoot quiz, pupils engage in an ar-
gumentative discussion of each other’s project’s
success. After each other’s evaluation, they are
asked to take a Google forms survey with ques-
tions regarding the success of other group’s pro-
ject and project based learning. Figure 9 show
the results of the Google Form survey.
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These are links to some final Sway presenta-
tions:

E learning tools:
https://sway.com/qvLgerJrG6db1KWH
Office 365:
https://sway.com/ZLwbedFDc037VmMt
Internet safety:
https://sway.com/jaLfdAbHfSIFITvK
Web 2.0 tools:
https://sway.com/MTDfJBe2qFODq78G
Communication tools:
https://sway.com/6CFpkZxMk9XH6NDR
On line shopping:
https://sway.com/rOw1YuczV34TaSQx
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Figure 9

4. Conclusion

Working as an IT teacher, I feel it is my re-
sponsibility to educate my students to become
people and citizens with outstanding media
literacy. Of course, the Curriculum highlights
concrete knowledge gained by working in the
default prescribed software and along with
certain degree of knowledge in hardware and
processes in IT world. However, our obliga-
tion as teachers is not only to provide chil-
dren with factual knowledge but to research
and to try to improve their classes, respecting
new achievements in Media Literacy. Authors
Pfaff-Ridiger, Riesmeyer and Kiimpel sug-
gested a skill based model of media literacy
with three dimensions (Figure 10) [3].

Medla literacy

|
I

Self-competence

Expertise Soclal competence
1. Media knowledge
=Tachnical k dg
>Economic and legal context
of the media system
foocial discourse on media literacy
2. Awareness of mediality

Evaluative skills Participatory skills
Motivational skills Communicative skills
Emotional skills Educational skills
Creative skills Moral skills

purce: Complled by authaors (following Dawe and Sandar, 1996; Groaban, 2002 and Livingstona, 2004)

Figure 10

During my experiment with students, I con-
cluded that all dimensions were respected. The
main goal wasn’t to conduct only one project
teaching class a year with only one group of
students, but to involve this type of learning
in everyday teaching, both with younger and
older groups of students.

As can be seen from the results of the Google
survey and in the conversation with my stu-
dents, it can be concluded that students like
this type of learning. Since the project was
conducted in a group, students were forced
to work with each other, which led to devel-
oping additional skills, such as patience and
greater responsibility, since they were forced
to also depend on others. Additionally, they
were given great responsibility and freedom to
conclude and evaluate their own results, which

151



INSPIRING SCIENCE EDUCATION

152

resulted in a greater sense of achievement.
Students had to separate good and important
information in the big ocean of the internet
and the skills that they developed during this
process are very important and will be helpful
for their further education and active life as a
responsible citizen. However, the most impor-
tant conclusion of this project is that students
have realized that tools they normally use in
everyday life, such as social networks, can
also be used for their own education, which
made this education process much more fun
and therefore, more effective.
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Abstract

The current financial crisis has brought sig-
nificant changes in the global and the Euro-
pean economic environment. The causes and
the effects of the crisis demanded serious and
effective decisions to be taken, affecting many
areas of European citizens’ lives. Education is
no excluded undergoing, in first, clearly nega-
tive measures (cuts in government spending on
education, teachers’ salaries reductions, etc.)
but, in a second though, giving possibly the
necessary motive to a courageous and scientif-
ic opening to the “play of the world” - accord-
ing to K. Axelos “the world deploys itself as a
game”. The ‘best’ answer to the crisis is edu-
cation itself. Three initiatives (from UNESCO,
OECD and the European Commission) since
the end of the 20" century, ‘opened’the debate
on important changes to education in devel-
oped countries, revealing the imminent need
for significant changes to take place in educa-
tion. Moreover, in 2008 three technology com-
panies (Cisco, Intel and Microsoft) expressed
concerns that graduates of schools and univer-
sities entering the workforce do not really have
the skills necessary for the new digital era and
they also identified the need to focus on the, so
called, 21*' century skills (ATC2158™). STEM
skills are increasingly recognized as a major

abc57001(@gmail.com

“The wandering star within the play-of-time space has become
exactly what it is: a planet. Cannot humans, too, fist inhabit what
their place is—within the play of-time space? With nostalgia and
the yearning for faraway places? Provided that adventure and the
return home can still be distinguished from one another.”

Kostas Axelos

component of the basic education in today’s
economic environment. In this context, the
European Union supports and implements a
variety of important programs in STEM edu-
cation — such as iSe, GoLab, UDLnet, Scien-
tix etc. According to the European Schoolnet,
keeping the European economy into growth,
1,000,000 additional STEM researchers will
be required, by the year 2020. Education ought
to prepare our students to cope with the chang-
es, providing them critical and creative think-
ing. Thus, (a) taking the torch from our last
school years’ activities and (b) taking into ac-
count all the above into amount, we designed
and implement(-ing) a numerous of innovative
educational activities. The educational activi-
ties presented, target typical development stu-
dents from mainstream education and students
with special educational needs and/or disabili-
ties. The students are seen as unique individu-
als and our educational objectives are an effort
for an inclusive education and one school for
all. We try to open and connect our school with
the outside world using open access scholar-
ships and open educational resources.

Keywords

Inclusive education, innovative science teach-
ing
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1. Introduction

1.1 The social context

Article 24 of the UN Convention on the Rights
of Persons with Disabilities states that we have
to ensure persons’ with disabilities right for an
inclusive education and lifelong learning di-
rected also to the development — to their fullest
potential — of their personalities, talents, crea-
tivity, mental and physical abilities (Article 24
§1 (b)). We should also facilitate the learning
of sign language and the promotion of the lin-
guistic identity of the deaf community (Arti-
cle 24 §2 (b)) providing “reasonable accom-
modation” — means necessary and appropriate
modification and adjustments not imposing a
disproportionate or undue burden (Article 2).
This goal, in the present global and European
economic environment [12, 13, 15] is a very
demanding task since «Educational institu-
tions will have to do more with less in the com-
ing years» [29] requiring a well-planned and
coordinated action.

Moreover, according to the European School-
net [14], to keep the European economy into
growth, one million additional researchers
will be required by the year 2020 in STEM
(Science, Technology, Engineering, Mathe-
matics) science fields. Recognizing that STEM
skills are an increasingly important component
of today’s basic education and the ‘shifting’
from an industrial-based to information-based
economy, European Union supports and im-
plements a variety of important programs in
STEM education — e.g. Scientix (Www.scien-
tix.eu), iSe (www.inspiring-science-education.
net), GoLab (www.golabz.eu) etc. The im-
minent need for significant changes to take
place in education was pointed out since the
end of the 20" century. Three initiatives, from
UNESCO [10], OECD, [1, 30] and European
Commission [17], opened the debate on im-
portant changes to education in developed
countries.

In 2008, three major technology companies —
Cisco, Intel and Microsoft — identified the need
to focus on so-called 21 century skills [18]
they initiate Assessment and Teaching of 21st
Century Skills (ATC21S™) project. It is worth
noting that the concern of ATC21S™ was not
only to define the 21* century skills (see Figure
1) but also to demonstrate the methods appro-
priate for assessment, the types of technolo-
gies needed, the teaching approaches that these
changes will trigger [6]. It is worth mention-
ing that apart from large multi/trans-national
companies, similar practices have been adopt-
ed from the, so-called, liberated companies,
where there is no hierarchy system present
and employees are required to work, make
decisions and take responsibility in groups [7,
34, 39, 41]. In such companies, also, the em-
ployment of the workforce requires, increas-
ingly, critical thinking skills, complex forms of
communication and information management
skills. Thus, our students should, on the one
hand, be prepared for the new forms of work
and jobs that have not yet been created and,
on the other, to be familiar with new tools and
new technologies [19]. Education therefore re-
quested to prepare our students to cope with
the rapid social changes, providing them with
new ways of thinking associated with creativ-
ity, critical analysis, problem solving, decision
making, etc.[19].

1.2 Teaching in Special Education

Teaching in Special Education is a very chal-
lenging task. We must take into account each
student’s special education need. Major dif-
ficulties can be raised since a) our students
can’t easily connect core scientific ideas with
mathematical formulation or use the knowl-
edge gained in a different context [31], b) their
representations are universal and not easily
modifiable [11, 21] and c) the significant dif-
ficulties regarding (short term, working, long
term) memory function [32]. For example, stu-
dents with autism spectrum disorders (ASD)
are strong visual learners, so they may strug-
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gle to process information in a ‘clear’ verbal
format [16].

[ Ways of Thinking Ways of Working
s Creativity and innovation s Commumication
o Crfical thinking, problem | o Collaboration (feammwork)
solving, decision making
¢ leaming 1w feam,
| Metacognition

Toaly for Warking Living in the Warld

« Information [eracy & Citizenslup local - and
® ICT literacy global
« Life and carcer
« Pesoml  and  social
responsthility  —  meluding

cultural  awareness and
compeience

Figure 1. The 21* century skills [4]

To teach science effectively, we integrate ed-
ucational practices such as: 7E open Inquiry
Based Science Education (IBSE) [23], Big
Ideas of Science (GoLab, 2015), ‘adding’ the
Art component to STEM — becoming STEAM,
metamemory strategies [24, 33], analogies [2],
Information and Communication Technology
(ICT), online repositories (i.e. Inspiring Sci-
ence Education (iSe), UDLnet and GoLab),
and international practices [37]. We want to
emphasize that the educational activities pre-
sented target typical students as well students
with special educational needs and/or disabili-
ties. The educational activities, presented in
short in the next sections, can be found on the
blog of the author, https://4myfiles.wordpress.
com, and on the corresponding repositories.

2. Innovative Science practices

Taking the torch from our previous activities
[25] and taking into account all the above into
account, we designed and implement(-ing) a
numerous of innovative educational activities
in Public Special Junior High School of Thes-
saloniki (Central Makedonia, Greece — https://
eidgymthess.wordpress.com/). The students
are seen as unique individuals and we try try-
ing to maximise the educational outcomes
and to open and connect our school with the
‘outside’ world by, i.e., presenting our didac-

tic proposals participating in conferences and
open educational resources [25]. We have to
pointed out that for all this didactic propos-
als we try to get involved as many teachers as
possible — and of course as many students as
possible.

2.1.1 How light ...Jumps.

This activity is part from “Lasers & Bubbles”—
a top-5 on 2015 ISE Contest “Learning with
light” — didactic proposal (see here http://
wp.me/p30RiZ-h9 and http://wp.me/
p6Hte2-14) [27]. Students as photons, had to
make decision on the materials separating line
about where to turn: left or right and so they un-
dergo the changes in their (light) path via two
different materials. The analogy demonstrates
light’s capability to ...jump on atoms — in order
to pass through a crystal material — just like we
jump on rocks to pass across a river. The anal-
ogy also demonstrates how a non-crystal mate-
rial traps light — just like we will fell into the
river’s rock end — see http://wp.me/p3oRiZ-hu.
This dramatization it turned to be a very joy-
ful activity and it was presented with a poster
at CREAT-IT 2015 “Inquiry Based Learning
and Creativity In Science Education” (http://
www.scientix.ea.gr/) [25].
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Figure 2. “How light .. Jumps!” poster.

2.1.2 Interdisciplinary Astronomy Activities

On November 9th, 2015, three didactical
hours were dedicated to Interdisciplinary As-
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tronomy Activities (IAA) — see http://wp.me/
p6Hte2-11 [26]. Five (5) teachers joined their
“forces” and our students in three groups and
in rotation, were engaged a) in a unique im-
ages presentation of the Cosmos in the mobile
planetarium STARLAB (http://www.planitar-
10.gr/tholos-starlab-classic-standard.html), b)
in a video session on solar system, space mis-
sions and Universe, in our school’s library and
¢) in tactile activities such as Meet our home
and Meet our neighbors (http://nuclio.org/as-
troneighbours/resources) and the creation of
planets® 3D models.

Figure 3. Photos from IAA (see http://wp.me/p6Hte2-11)

With the above hands-on activities we had the
pleasure to join the Cosmic Light Edu Kit / In-
ternational Year of Light 2015 program. After
the activities, we did a “small” research: our
students had to fill an evaluation form on IAA
(Figure 4).

How much did you like PLARETARIUM
.x'.mlf"

How much did you like VIDEQ actraty?

How much did you like ART acthvity?

Ohverall, it was a pleasant experience and well
made by baachers and organized?

Figure 4. Here you can see four (4) Q & A after [AA (see http://wp.me/
Pp6Hte2-2q)

We received 30 answers, of half of our school
students, and in Figure 4 you can see a “small”
but significant result of IAA’s impact. The ac-

tivities were presented with a poster at EGU
General Assembly; 2016 [26]. We want to
highlight that hands-on activities for students
are hands-off activities for teachers and culti-
vates metacognition [24].

2.1.3 Volcano Eruption & Big Ideas

Here you can see an activity for Geology Class,
using poster as educational material [28] in or-
der to connect a ‘real life’ phenomenon (vol-
canic eruptions) with the Big Ideas (“a set of
cross-cutting scientific concepts describing the
world around us” - www.golabz.eu/big-ideas).
The poster was created for the Scientix’s com-
petition “Media in STEM Award” and it was
the winning entry for the graphic category (see
here http://goo.gl/klcmmm and this facebook
post https://goo.gl/2bQ7qs).

Bid il sl

Figure 5. “A Volcanic Eruption and the Big Ideas” project (see http://
wp.me/p30RiZ-mv)

Our students had to inquiry about volcanoes (via
internet & using the IWB) and to match A, B, C,
D volcano phases (on the left) with as many as
possible, Big Ideas (on the right). Through this
multisensory approach we want to underline the
unity of the science aiming on the memory and
the “perceptual fluency” of our students [33]. The
winning entry was also presented at the pre-con-
ference workshop “Innovating Science & Maths
teaching with media-based tools and approach-
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es” of The Media & Learning Conf., (see http://
200.gl/nQYKa7). Posters are a “drawn to the
eye” visual tool that can be part of many lesson
plans and activities (e.g. as an advance organizer,
as a common reference content, a resumption
material, a cross thematic material, etc.), fitting
our students’ educational needs, maximising the
success of the educational objectives. Posters are
suitable to teach core scientific ideas and a great
tool for deep scientific understanding integrat-
ing cross thematic objectives. Moreover though
posters we can activate our students to plan, to
implement and evaluate a lesson [28].

2.1.4 Science Theatre

This school year, under the School Activities
Programme “School Garden - Recycling / En-
vironment and STEM education,” and with
the help of Dr. Eleftheria Mpaka (Teacher of
Drama & Author), we implement a theatrical
performance based on Yio Somei’s book “Jake
in the Sea” [36]. Through this science theater
we highlighted the values of biodiversity and
the environment. The theater was presented
throughout the school with great success
and we also participate in “Learning science
through theater” (see here: http://Istt2.weebly.
com) — which is based on the pedagogical
framework of the European project CREAT-IT
(http://www.creatit-project.eu/), the guidelines
for creativity in science education (http://goo.
gl/afHTES) and the support of the European
project CREATIONS (http://cordis.europa.eu/
project/rcn/198210_en.html).

Figure 6. From our theatrical performance based on Yio Somet’s book
“Jake in the Sea” (see http://wp.me/p30RiZ-ng)

We succeed to integrate the emotion compo-
nent in learning [22] in a multimodal learning
environment [40]. Teaching theatre is a way
of enhancing self-image and self-esteem of
students. Using theatrical techniques as edu-
cational tools and help the learning process in
a school with students of special educational
needs and/or disabilities.

3. On-going and Future work:
steps ...beyond

Aiming the modernization and consolidating
innovation practices in growth of our school
unit, at least in a medium-term plan, we will
present the following activities that are not go-
ing to be completed during the current school
year, but they are going — in long-term — to add
educational value, involving students & their
parents/guardians and teachers. These activi-
ties give us the opportunity to take Curricula a
step beyond and manifestation of a solid edu-
cation proposal for interdisciplinary activities
on ‘hot’ scientific topics — that our students
are not going to get involved in their schools
years.

Under the School Activities Programmes we
are implementing an environmental and pro-
ject focused on media careers: a) the “School
Garden - Recycling / Environment and STEM
education” project and b) the “School Radio”
project. Our school radio will be an activ-
ity to be continued for several years — joining
the European School Radio (http://european-
schoolradio.eu/) — help understanding media
technologies and promoting media careers. In
the environmental project we have organized
to plan fruitful trees at our school garden and
to make an inquiry on environmental param-
eters (soil, sand, gravel and water, acids bases
salts etc.) on pulses (beans, lentils, chickpeas,
fava & broad beans), since 2016 is the Inter-
national Year of Pulses, according UN (http://
www.un.org/en/sections/observances/interna-
tional-years/).
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Figure 7. Graphical music scenario (top) [38] and Kaon-Decay’s

Feynman diagrams (bottom - from https://en.wikipedia.org)

Introducing teachers & students to the basic
aspects of black holes, BHIMS (Black Holes
In My School) project gives the opportunity
to engage in to classroom with new tools and
resources and experiment the use of a student
centered model (see http://goo.gl/UoDXOx
& http://goo.gl/fm140W). From our point of
view, we enrolled the on-line lesson and we try
to see how our students evaluate the impact of
the use of such methodology implementing the
scientific method. To this end we implement
an ILS (Inquiry Learning Space) and we want
to thank Rosa Doran (http://nuclio.org/) for her
invitation to this project. Our students would
never ever dream to research on the variation
of'a double star, investigation if there is a black
hole!

Going forward, we are also participating in the
CREATIONS project. The CREATIONS pro-
ject aims to demonstrate innovative approach-
es and in Scientific Research through creative
ways that are based on Art and focus on the
development of effective links and synergies

between schools and research infrastructures
[8]. In this context we engage our students in
a welcome video to the “Longyearbyen Skole”,
developing a frame for the next Global Sci-
ence Opera in Real Time (http://goo.gl/jJo6v0)
and we are raise the debate ov how we can use
music to teach, introductory, string theory [5,
20] and Feynman diagrams [42]. In Figure 7,
you can see the analogy between the graphical
music scenario (top) [38] and to Feynman dia-
grams (bottom). Moreover, string theory — in
very simple words — tells us to ‘see’ elemen-
tary (subatomic) particles as different energy
vibrations of a very very small string.

4. Discussion

The first pillar is to offer students educational
activities in order to facilitate their learning
and to provide them the necessary experiences
for life. The educational activities presented
involve students working in teams inquir-
ing and exploring different aspects of a task.
The educational outcomes are, among others,
knowledge gaining on the core scientific ideas,
better relationships between teachers, students
& parents/guardians, and boost of students’
self-esteem [25, 35]. The emotion component
has been integrated in learning [22].

The second pillar has been the design of medi-
um-term & long-term innovative educational
activities All the above are objectives to an ef-
fort for an inclusive education and they were
developed with use of open access scholar-
ships and open educational resources [43] in
the framework of European Projects like iSe,
GoLab, UDLnet.

There is also a third pillar: to engage as many
teachers as possible and to support them in in-
novative science teaching, by all means. In the
near future we are planning to developed or/
and support teaching practices on coding &
robotics (see Figure), space, movies, special
education and sign language.
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Figure 8. A innovative ILS on educational Robotics (in Greek) from
Eleni Psara (http://goo.gl/pl8baj)

Science education, on our point of view also,
establishes a wider framework of individual
completion through the development of criti-
cal thinking and the urge to act, locally & glob-
ally, aiming to raise the awareness on human
rights, world peace and safeguard human dig-
nity building, ultimately, a culture of peace [9].
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Abstract

According to reading comprehension research,
successful reading comprehension is based on
successful reading process. However, in recent
years, there has been an increasing diagnosis
of elementary school students with learning
difficulties and particularly with reading dif-
ficulties or dyslexia. Furthermore, the wide
variety of ways in which these students are
categorized does not provide a substantial as-
sistance to them. In educational settings, they
are characterized as students with reading dif-
ficulties, and in clinical settings are character-
ized as students with dyslexia.

Therefore, it is important to change the per-
spective of reading difficulties or dyslexia from
“disabilities” or “deficits” to a more positive
perspective. This means overcoming some
“barriers” on their reading process and ex-
ploiting their strengths, one of which is their
creativity, should be one of the priorities of

teachers. Digital technologies help such stu-
dents to overcome the barriers they encounter
and promote their creativity. Moreover, In-
quiry Based Science Education, as a student
centered approach, makes science education
more attractive to them.

This case study bridges the gap between In-
quiry Based Science Education enhanced by
digital technologies, creativity and inclusion
of students with reading difficulties or dyslex-
ia, by exploiting the multiple representations
provided by interactive texts and the creativity
of these students. As a result, not only meaning
generation regarding concepts of our planetary
system is achieved, but students are also moti-
vated to communicate their findings in creative
ways.

Keywords

Creativity, Digital Technologies, Inquiry Based
Science Education, Reading Difficulties.
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1. Introduction

Successful reading comprehension of a text is
based on successful reading process, in which
the written symbols of the text are decoded and
converted into a phonological code. However,
the failure of some students to decode words,
is responsible for a major part of the difficul-
ties they encounter in order to comprehend a
text [1].

During the past few years, an increasing diag-
nosis of primary school students with reading
difficulties or dyslexia is noted. There have
been several attempts to categorize these stu-
dents, who are classified into many groups and
subgroups [2]. However, these efforts are seen
by many scientists as false and meaningless
[3]. As Pierson notes [4], a typical example is
the fact that these students, in educational con-
texts, are characterized as students with read-
ing difficulties and in clinical settings are char-
acterized as students with dyslexia. In order
to help these students, it is vital to change our
perception about of dyslexia from “disability”
or “deficit” into a more positive and active per-
ception [5], [6]. Helping such students over-
come some “barriers” they encounter, such as
the decoding of words of a text, which results
to reading comprehension [5] and exploit some
of their strengths, one of which is their creativ-
ity [7], could contribute to their inclusion in
the learning environment.

However, in educational context, the reading
skills dominance, as a basic procedure with
which knowledge is acquired, brings about
huge problems concerning the education of
children with reading difficulties or dyslexia.
Regarding science education in elementary
school, students approach scientific knowl-
edge and basic scientific concepts by reading
texts from textbooks. Additionally, students’
experiences from the world around them, lead
them to deep-rooted misconceptions [8]. Some
misconceptions are associated with the char-

acteristics of our solar system’s planets, such
as their size, their position in the solar system
and the possibility of human survival on other
planets, besides Earth.

Inquiry Based Science Education (IBSE) en-
hances students’ interest in science and has
been proved to be an appropriate teaching
method for all students, from the most “weak”
to the most “capable” [9], as it enhances stu-
dents’ reading comprehension [10]. Addi-
tionally, multiple representations of scientific
concepts determine and influence meaning
generation by students with reading difficul-
ties or dyslexia. Thus, the utilization of texts
that incorporate more than one semiotic sys-
tems, such as written and spoken text, images
and motion, and which are commonly acces-
sible with digital technologies, can provide
assistance to students with reading difficulties
or dyslexia, because these texts address almost
all of their senses and ensure their understand-
ing of scientific concepts [11]. It seems that
IBSE, enhanced by digital technologies, has
the potential to help students with reading dif-
ficulties or dyslexia overcome the obstacles
they encounter, strengthening their reading
skills and interest in science and to help them
generate scientific meanings.

According to Pedaste et al. [12], the major
phases of IBSE are five: orientation, concep-
tualization, investigation, conclusion and dis-
cussion. However, considering that creativity
theories underline interactive and dialogical
approaches to learning [13], in this research
study the discussion phase has been replaced
by the creativity phase, where one student with
reading difficulties or dyslexia and one student
without such difficulties, work together to
communicate their investigation findings in a
creative way, using digital tools.

At this point, it is important to underline that
simple access to inquiry based learning soft-
ware is not enough for scientific meaning gen-
eration. Students’ learning environment should
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incorporate scaffolding elements, so that stu-
dents can successfully interact with this envi-
ronment, thrive in it and learn through it [14].

In this case study, the integration of new tech-
nologies in science teaching with IBSE is at-
tempted, in order for students with reading dif-
ficulties or dyslexia and students without such
difficulties to generate meanings regarding the
planets of our solar system. Furthermore, we
examined the role of scaffolding elements of
the learning environment of these students and
the role of creativity to their empowerment,
by providing them creative opportunities with
digital tools.

2. Methodology

In this case study, a qualitative research ap-
proach has been applied. The tools that have
been used to conduct the research are: a) the
educational software “Shall we go to another
planet?” with which students investigated the
basic characteristics of the planets of our so-
lar system, b) the “Little Bird Tales” software
with which students communicated with a cre-
ative way their investigation results c¢) eleven
worksheets, ten of which were used by the stu-
dents to record the main characteristics of the
planets and the sun. The eleventh worksheet
was used as a scaffolding element in order to
guide them, regarding the creation of a digital
story in the educational software “Little Bird
Tales”, d) a questionnaire, as a tool for evalu-
ation from the students of the software “Shall
we go to another planet?”, ¢) a computer, as a
recording medium of students’ dialogues and
f) the diary of incidents of participant observa-
tion.

The most appropriate data collection method
for this case study was the participant observa-
tion, where the researcher-observer is involved
in the activities, attempting to observe them.
The research takes place in a classroom of a
school of foreign languages. The sample con-

sists of a team of two students, one of which
displays reading difficulties, according to the
teacher (Student 2, or S2). The other student
does not display such difficulties (Student 1, or
S1). S2 is 8 years old and S1 is 7.5 years old.
Both of them attend the third grade of primary
school.

Considering the general purpose, the aims and
the theoretical background of this case study,
a system of data categorization has been de-
veloped, in order for the research aspects to be
elaborated in depth. As a result, research data
have been classified into five broad categories
of analysis: 1. Evaluation of subject matter,
2. Meaning generation, 3. Scaffolding, 4. The
educational software “Shall we go to another
planet?” and 5. Creativity.

This study is divided into two phases. During
the first phase, students investigate whether
humans can survive on other planets, besides
Earth, exploiting the information provided by
the software “Shall we go to another planet?”.
At this phase, the categories of analysis that
are formed are the following: 1. Evaluation of
subject matter, 2. Meaning generation, 3. Scaf-
folding and 4. The educational software “Shall
we go to another planet?”

Having obtained answers to the above ques-
tions for each planet separately, the second
phase of the research follows, where students,
with the assistance of a worksheet, commu-
nicate their findings, by exploiting the digital
storytelling tool “Little Bird Tales”. They co-
operate in order to create a digital story about
an imaginary journey to one of the planets of
our solar system. At this phase, the categories
of analysis that are formed are the following:
1. Scaffolding and 2. Creativity.

3. The educational software “Shall
we go to another planet?”

The software “Shall we go to another planet?”
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is a microworld, developed in the E-Slate
platform, which is a microworld development
system. The E-Slate platform is a computa-
tional environment that incorporates a more
coherent set of scientific concepts and rela-
tionships [15]. The most important structural
element of this microworld is its “browser”
which changes content according to the han-
dling of the microworld button “Go to another
planet”. This “browser” contains information
about the sun and the nine planets of our solar
system in the form of text, which can be pro-
jected in multiple representations (multimodal
text), for example, static images, moving im-
ages and spoken text. In this way, students are
capable of hearing the text displayed in the
“browser”, using the built-in text to speech
software. Thus, the students, through their
navigation in the microworld, investigate and
collect information in a scaffolded way, on
whether humans can survive on another plan-
et, besides earth. Figure 1 displays a screen-
shot of the microworld user interface, where
the basic structural elements of the microw-
orld are distinguished.

Figure 1. The microworld “Shall we go to another planet?”

4. The educational software “Little
Bird Tales”

During the second phase of the research, stu-
dents communicate their findings about the
planets and the conditions on them, creating
their own digital story in the «Little Bird Tales»
tool. This online digital tool, gives students

the opportunity to create their own talking
book, where they draw the images of the book,
they type the text and finally they record their
voices. In this way, students have the control
and full responsibility for the creative process
and their final product. However, in this case
study, students are guided in crucial points by
a worksheet with questions, regarding the plot
of the story and the characteristics of the plan-
ets. As a result, they think and discuss in order
to create the plot and finally the digital talk-
ing book. Figure 2 displays a screenshot of the
product (talking book) of the creative process
of the students.
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Figure 2. Talking book created with the digital tool “Little Bird Tales”

5. Results

As we can see in Figure 3, regarding students’
participation rates in each category of analysis
in the first phase of the research, S1 (which is
the student without reading difficulties or dys-
lexia), notes higher rate (57%) in the category
of Evaluation of subject matter (55.2%) and
the category of Meaning generation. Instead,
S2 (the student with reading difficulties or dys-
lexia) notes higher participation rate in the cat-
egory of Educational software “Shall we go to
another planet?” (54.8%) and in the category
of Scaffolding (53.8%).
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Figure 3. Students’ participation rates in the categories of analysis of
the first phase

As we can see in Figure 4, regarding students’
participation rates in each category of analy-
sis in the second phase of the research, S2 (the
student with reading difficulties or dyslexia)
notes higher rate in the category of Scaffold-
ing (54.3%) and the category of Creativity
(52.4%). This means that S2 notes higher
rates of participation in both categories of
analysis of the second phase of the research.
Instead, S1 (the student without reading dif-
ficulties or dyslexia) notes lower participa-
tion rates in both categories of Scaffolding
(45.7%) and Creativity (47.6%).
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Figure 4. Students’ participation rates in the categories of analysis of
the second phase

6. Conclusion

Comparing the above participation rates of both
students in all categories of analysis of this re-
search, we can draw a general conclusion. Thus,
the student with reading difficulties or dyslexia
seems that has been benefited more by the scaf-
folding elements of the learning environment
than the student without such difficulties, while
he had been more creative by exploiting the dig-
ital storytelling tool, in relation to the student
without reading difficulties. Moreover, it ap-
pears that the software “Shall we go to another
planet?” noted a greater influence on him, than
the student without reading difficulties. Instead,
the student without reading difficulties seems
that has noted in a slightly greater extent mean-
ing generation of science concepts, while he
noted a slightly increased success in the catego-
ry of the Evaluation of subject matter, compared
to student with reading difficulties or dyslexia.

As aresult, it seems that Inquiry Based Science
Education (IBSE), enhanced by the appropri-
ate digital technology tools, along with the ap-
propriate scaffolding elements of the learning
environment, help students with reading diffi-
culties or dyslexia overcome the barriers they
encounter when reading and comprehending a
scientific text and enhance the meaning gener-
ation process regarding concepts related to the
planets of our solar system. Furthermore, the
exploitation of creative activities using new
technologies, highlights the talents of students
with reading difficulties or dyslexia, resulting
in a more effective communication of the stu-
dents’ investigation findings.
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Abstract

The vertical jump is of decisive importance for
the performance in sport and school settings.
The aim of this scenario is for the students to
become acquainted with the different kinds of
Jjumps and to obtain relative experience. Fur-
thermore the students will focus on using the
correct vertical jump technique and training
in order to improve their performance. The
students, aged 11-12 years old, were grouped
into three teams (A=plyometric training,
B=jumping ability training, C=control group)
for a trimester. First they were taught in the
correct vertical jump technique, then they ana-
lyzed and applied what they had been taught,
and finally they were measured in two types of
vertical jumps (CMJ, SJ). For the statistical
analysis 2-way ANOVA with repeated meas-
ures was used with the help of SPSS 19.0. The
results indicated that both the A and B teams
improved their performance in both types of
Jump, with the team following the plyometric
training having the greatest improvement.

Keywords

Countermovement Jump, Squat Jump, Testing,
Volleyball, Plyometric Training.

1. Introduction

Sports performance in athletics is a combination
of many factors such as anthropometric charac-
teristics of male and female athletes, their physi-
cal abilities, the correct execution of the tech-
niques of movement etc. Physical abilities are
defined as the abilities of the human being which
contribute to the execution of various physi-
cal activities. One of these is the vertical jump.
The vertical jump is of decisive importance for
sports performance because the optimum perfor-
mance in this assists the athletes in a combina-
tion of many sports movements. It is also one of
the most basic indicators of the level, quality and
training condition of the athletes [4].

The objective of this scenario is for the students to
become acquainted with the types of jumps and
adopt the relevant knowledge; to focus on the cor-
rect execution of their technique; to utilize their
knowledge by through building on new knowl-
edge, to use digital tools, to explore coopera-
tively the basic mechanisms that affect the types
of jumps (Countermovement Jump, Squat Jump,
Drop Jump) and, finally, to study the role and the
type of training appropriate for their improvement.
Finally, to learn how to evaluate and be evaluated.

The involved scientific areas are Physical Educa-
tion, Physics and Information Technology (IT).
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1.2 Review of bibliography

Muscular power is a determinant factor in the
improvement of record-performance in sports
such as volleyball [3]. Muscular Power (P) is de-
fined as the ability to produce work (W) in the
unit of time and the formula applied is P=W/t.
[12]. In a simplistic way we could say that power
expresses how strong and quick an athlete is.

Muscular power is directly related to the im-
provement of the vertical jumping ability [7]
[19]. The vertical jump determines the level of
performance in many sports [20], and tt-con-
stitutes a control testing with which muscular
power of the lower limbs is evaluated [1] [21].

Vertical jumping ability is a complex polyar-
ticular ability, is influenced by age and sex [9],
neuro-muscular coordination, volatility, the
type of muscular fibre and the hardness of the
tendon [6], training [1], and especially the abil-
ity to transfer energy from the joint of the pelvis
to the calves of the leg through the diarticular
extended muscles of the knees [18] [6]. Chil-
dren apply the same model of time sequence
between the phases of a jump as adults [15].

Vertical jumps differ depending on their start-
ing position and are categorized as:

a) Squat jumps, which do not use stretching
beforehand, and the angle of the knee in the
starting position is 90°,

b) Drop jumps from a plinth whose height var-
ies and is followed by a vertical jump,

¢) Countermovement jumps where stretching is
used before the propelling movement upwards.

Bobbett et al., [5] mention that during the ex-
ecution of a maximum vertical jump, most ath-
letes use counter movement which leads to a co-
ordinated bending of the hips, the knees and the
ankles as well as a fast sequence of joints before
ascent. That allows them to obtain higher ar-
ticular momentum at the beginning of the boost
thus allowing the opportunity of increased pro-
duction of work in respect of (SJ). Various re-
searchers have shown that counter movement
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jump increases the height of a vertical jump
[13], provided that it increases the proactiva-
tion of the muscles of the lower limbs [2] and
allows the use of the dynamics of the Stretch-
ing Shortening Cycle (SSC) [11] [13]. In the
Stretching Shortening Cycle (SSC) during the
eccentric phase, the muscle expands and stores
flexible energy; this is followed straight away
by a concentric phase where an energy transfer
takes place. This combination forms the natural
the functioning of the muscles [16].

The contribution of energy of the knee joints
and pelvis is greater compared to the one of
the joint of the calves of the legs [14]. The
data showed that the speed of taking off in the
vertical jump was instigated by different parts
of the body described as follows: 56% by the
expansion of the calf, 22% by the bending of
the sole, 10% by the expansion of the body,
10% by the participation /use of the hands and
a small percentage, about 2%, by the move-
ment of the head.

2. Procedure — Planning

The time required for the scenario was a tri-
mester during which the students were sup-
posed to research, understand, analyze and
apply the techniques of the vertical jumps
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(Countermovement Jump, Squat Jump, Drop
Jump), to develop their creativity and to culti-
vate cooperative skills.

Initially, they received and processed the
necessary information about the jumps, their
function mechanism and the way of executing
them; then the relative worksheets were filled
in. They were taught to execute them correctly
and finally they practiced themselves in order
to learn ways of improving themselves through
experience. At the end of the trimester the final
assessment was made not only by the profes-
sor of physical training but also by the students
themselves. The scenario adopts the holistic
approach to knowledge and is also based on
explorative, discovering and active learning.

The students of the school, aging from 11 to 12
years old, were split into three smaller groups.
The criterion used in order to split the children
into teams was the level of their systematic
involvement in a particular sport, volleyball,
which was taught during this specific trimes-
ter. Hereupon, each group followed a specific
training course, to improve jumps throughout
the whole trimester.

The first group (A, N=11) carried out a plyo-
metric training course with jumping exercises,
the second one (B, N=11) followed a train-
ing course in order to improve jumping abil-
ity with speed, whereas the third team, named
the control group (C, N=11), followed only the
normal school program of Physical Training,
that included teaching the technical skills of
Volleyball (passing, forearm pass, spike). Stu-
dents were trained and given precise instruc-
tions on how the procedures were going to be
carried out, the objectives of the scenario and
the course to be followed.

2.1 Planning

In the beginning all students were measured
in respect of height, weight, and their perfor-
mance in the two vertical jumps (CMJ, SJ).
The weekly course included two didactic units,

each about 45 minutes long. In each didactic
unit there was practice in speed, jumping abil-
ity, as well as the technical skills of volleyball
(passing, forearm pass, spike). Random and
fluctuating practice was applied for the learn-
ing of the technical skills.

* Before the beginning of each didactic unit,
students were given information, explanations
and clarifications regarding its content for 5
minutes.

* The didactic unit was formed as follows:

a) General warm up (3 minutes running, 10
minutes stretching)

b) Main part

* Execution of jumping and technical skills

program for group A

» Execution of running and technical skills
program for group B

* Training of technical skills (passing, forearm
pass, spike) for group C

* The duration of the main part was approxi-
mately 30 minutes.

¢) Recovery (relaxed running and stretching 5

minutes)

* During the main part, the level of diffi-
culty in the exercises* was gradually in-
creased.

» The exercises progressed from simple to
more complex.

* The exercises were continuously conduct-
ed with movement which involved either
motion or intervening exercises.

* Between the exercises and until instruc-
tions for the following exercises were
given, there was complete rehabilitation.

* Jumping exercises were conducted at the
beginning of the intervention with in-
creasing intensity and quantity.

* Speed exercises were conducted at the be-
ginning of the intervention with increas-
ing quantity.

The regulation of the quantity and intensity of
the strain of the whole program was based on
alterations of the proposed programs [8] [10]
[17].
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2.3 Experimental procedures - Protocol of
measurements

All the trials were valid and reliable and ap-
propriate for the age group of the children par-
ticipating in the research. The measures were
conducted at the beginning and end of the tri-
mester in the schoolyard where the lesson of
physical education was taking place. All the
students who participated in the intervention
were measured but only the female students
who were not in adolescence were evaluated
and especially in respect of:

> Body height:
Each student was put in a height meter (220
Seca type, Germany) with no shoes and
with stretched knees. Each was standing
up in an attention position, looking in front
and taking a deep breath. At the moment of
exhalation the vertical point of the height
meter dropped and gently touched the top
of the cranium dome. The accuracy of the
height measuring was 1/10™ of a centimeter
and was written down immediately to the
relative protocol of the assessed.

> Body weight:
Each student stepped on a scale for humans
with accuracy of 0.100 kg (Tanita TBF-
300GS, Japan) without wearing shoes and
wearing a light sport uniform. Its weight
was recorded with an accuracy of 0.100 kg.

> The height of the jumps, for all types of
jumps, was measured in centimeters (cm)
by using Ergojump System Bosco (Mus-
cleLab 4010/4020e Ergotest Technology
as). All the jumps that were measured were
jumps where the students did not use their
hands, which they placed on the hips.

1) Squat jump 90°
The student began with his legs bent at a
90° angle and his hands placed on the hips.
He performed a vertical jump as high as he
could. He made two attempts and the best
was recorded.

2) Countermovement Jump
The student began from a standing posi-

tion with his hands placed on the hips. With
the command “let’ s go” he bent the knees
with a counter movement downwards and
by getting the appropriate impulse, he per-
formed the vertical jump. During the bend-
ing of the knees, the body was kept in a
straight upright position. He made two at-
tempts and the best was recorded.

3. Results

Statistically significant differences were ob-
served between the groups in jumping [F(2,
10)=5.87, p=.004] that is, the effect of training
methods was different concerning the develop-
ment of jumping ability in total measurements.

The interaction between the two factors (group
and training methods) in relation to time
was not found to be statistically significant
[F(2,10)=.138, p=871]. Application of Scheffe
post hoc test showed the following statisti-
cally significant differences: a) between the
first and second measurement (Scheffe value =
2.20 (p<.001) of group A (plyometric training)
and group C (control group program), b) be-
tween the group B and control group program
(Scheffe value = 1.80 (p<.05). No statistically
significant differences were noticed between
group A and group B in jumping performance,
with a Scheffe value on the second measure-
ment equal t0.60 (p>.05).

4, Discussion

Both training methods (A=plyometric train-
ing, B=jumping ability training) seemed to
produce positive results related to an improved
performance in jumping ability up to a point
where no differences were located. As a re-
sult, comparison between training method A
and training method B revealed no statistically
significant differences in the second measure-
ment, although a superiority tendency of train-
ing method A compared to training method B
was also noticed.
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Future research should focus on the effect
of gender in the improvement of the vertical
jump and the influence of biological maturity
to this end.
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Abstract

Basic manipulative skills development consists
one of the primary physical education goals to-
day. Acquisition of these skills strengthens the
individual to effectively participate in sport,
gaining positive experience in friendly relation
to fair play and lifelong exercise (Gallahue,
1996, Graham, 2008; Logsdon et al., 1994).
An educational scenario using The Information
and Communication Technology (ICT) aims at
fostering of throwing skill incorporating con-
cepts of physics and values of the Olympic
Idea (Kioumourtzoglou, 2001). The purpose
of this research was to investigate the effect of
an educational scenario using ICT on throw-
ing skill development in first grade children.
It was investigated whether children can learn
to perform the basic skill of throwing when
their teaching is supported by a developmental
physical education program and by the using
of both academic concepts and ICT. Method.
A total of 52 primary school children (28 boys
and 24 girls) aged 5,43 £+ 0,63 years partici-
pated in an educational scenario and a devel-
opmentally appropriate learning program on
throwing, lasting for two weeks. Before and
after the implementation of the program, the

children were assessed on the fundamental
skill of throwing by the second edition of Test
of Gross Motor Development (TGMD, Ulrich,
2000). Results. The implementation of the edu-
cational scenario and developmentally appro-
priate learning program on throwing resulted
in a significantly improved (p: 0,000) throwing
(from 1,97 £ 0,13 to 1,97 + 0,13). Conclusions.
1t seems that basic manipulative skills are be-
ing effectively taught by the use of both Educa-
tional Scenario and Developmentally Appro-
priate Physical Education Programs.

Keywords

Motor skills, basic manipulative skills, Object
control skills, TGMD-2, motor development,
developmentally appropriate physical educa-
tion program, social skills, Olympic values,
first school age.

1. Introduction

Basic kinetic skills represent a fundamental
group of skills for a developing person as they
constitute a basis where all further personal-
ity development will rely upon. Basic kinetic
skills of handling objects constitute an impor-

175



INSPIRING SCIENCE EDUCATION

176

tant part of the basic kinetic skills as they form
the kinetic baseline for participation and suc-
cess in any kind of physical activity and ath-
letic skill during adolescence and adult life. In
the present study we will focus on the devel-
opment of the basic kinetic skill of handling
objects “throw. The aim of our scenario was
to help little students in the development of
throw skill and simultaneously to teach them
important issues on the history of the Olympic
Games, as throw was part of pentathlon in an-
cient Greece.

1.1. The concept of basic motor skills

As mentioned above, basic motor skills consti-
tute the first stage of motor skills. Their defini-
tion consists of the functional skills that con-
tribute in everyday action and motility of the
individual, as well as in the improvement of
living status and the desire for lifelong physi-
cal exercise. More precisely, they are an “or-
ganized row” of basic movements, which in-
clude combination of “kinetic models™' of two
or more parts of the body (Gallahue, 2002:30).
Basic motor skills are very important for the
developing individual as: (a) they constitute
the basis, by means of kinesis, for further de-
velopment of more complex skills, (b) Chil-
dren tend to enjoy practicing them, especially
when they are incorporated in an attractively
designed, appropriate physical exercise pro-
gram, (c¢) Once children acquire these skills,
they retain them forever, (d) They contribute
to the mental, psychological, emotional and
social development of the child.

1.2. Groups of basic motor skills

Relevant Greek and international literature
classifies basic motor skills in three groups
(Aéppm, 2007; Graham et al., 1998): (a) Sta-
bilization skills or static skills: This group in-
cludes skills which constitute the basis for all
the other skills (like handling and moving), as

1 The term “kinetic model” refers to the performance of a single move-
ment that is not considered a basic motor skill.

all movements require a stabilization element
(Gallahue, 2002:32). (b) Moving: This group
includes all skills that require body movement
from one point to another to different direc-
tions (horizontal, vertical, diagonal, forward,
backwards or sideways). Movements like
jump, hopping, side steps, continuous jumps
and skiping belong to this group. (Gallahue,
2002).

(c) Handling skills: This is a big group of skills,
including movements with which people han-
dle objects. They are divided to “rough” han-
dling skills and “subtle” handling skills. The
first subgroup consists of movements that re-
quire exercising force to or from an object, like
throwing, receiving, kicking or stopping a ball.
In the second subgroup there is emphasis on
kinetic coordination, control and movement
quality, reflecting to movement correctness
and accuracy.

2. Methodology

The objective of this research is the investiga-
tion of the effect of an educational scenario
on throwing skill development and initiation
of students in the Olympic values. To achieve
this goal, we designed an experimental study
aimed at verifying the results gained by the
application of the educational scenario. Our
sample consisted of two “physically equiva-
lent” groups (Vamvoukas, 2000: 362) in terms
of both the number and characteristics of their
members and made up the total survey sample
belonging to the first grade population.

Thus, the final sample consisted of 52 students
of primary school age (28 boys and 24 girls)
who, at the first performance criterion, had a
mean age of 5,9 = 0,63 years, a mean weight
0f' 24,30 £4,71 and a mean height of 123,68 +
5,48 and who were enrolled in the school year
2014-2015. All children participated regularly
throughout the experimental procedure with-
out any case of subject exemption.
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2.1. Tool selection

In this research TGMD-2 was selected because
is the newest version of the test and used to
collect survey data and control differences be-
tween the experimental group and the control
group. It was implemented at the beginning
and end of the intervention program in order
to carry out the research observations on data
collection.

2.2. The intervention program

For the development of the fundamental skill
of throwing in students of primary school age,
we designed and implemented an experimental
program including six interventions. Initially,
one intervention concerned aformisi, three the
skill of throwing and two the initial and final
measurement respectively lasting 45 minutes
each and designed to be implemented on both
the experimental and control group twice a
week for the first grade.

The basic structure of each lesson was tripar-
tite. In the lesson plans there were images de-
picting the schematic arrangement of students
in the general lesson area, which we created
using the specific program of Easy Sports-
Graphics BALLSPORTS 1.0 (Schreiner,
Becker-Richter, Schreiner, & Becker, 2010). In
lessons concerning throwing, there were activ-
ities focused initially on throwing for distance
and finally on throwing accuracy. The exercis-
es included in these activities were of different
levels and requirements; for instance throwing
from different distances. The emphasis was on
distance, speed and accuracy. Throughout the
whole lesson information about the Olympic
Games and some elements of physics concepts
were given where possible. Evaluation and
self-evaluation leaflets concerning throwing
and Olympic Games were given to the par-
ticipants. Thus, specific hardware, including a
computer, an interactive whiteboard, a projec-
tor, a scanner, a printer and speakers and spe-
cific software, such as search engines, video,
and a Word program were used.

The cause for the beginning of the educational
intervention was the Ancient Olympic Games
event. A short movie was disturbed. To be
more specific children watched a short ani-
mated film (7:42 min) on an Ancient Olympic
Event based on the tale Despina and the Dove
(Tpprtég, 2001). In this way, they gain useful
information concerning the Games of that an-
cient era (i.e. stadium, naked athletes, sports,
judges, prize values, ideals etc

After a brief discussion, what followed was an
experiential approach to running and throwing
skills in the schoolyard and the crowning of
winning students with Olive Wreaths.

Throwing skill development was achieved
through implementation of three intervention
programs, lasting 45 minutes each having also
devoted a two hour-instruction on the specific
skill assessment as initial and final measure-
ment respectively, using TGMD-2 test and the
observation method in order to get measur-
able results. During the measurement process,
throwing skill included some behavioral data
which both were presented as performance
criteria and defined behaviors that represent
a mature skill pattern and were separately as-
sessed. So, throwing assessment was made by
means of four criteria.

3. Statistical analysis

All statistical analysis was performed using
(SPSS). The significance level in all statistical
analyzes was set at 5% (p <0,005). Data were
expressed as means + standard deviation (SD).

4. Results

It seems that implementation of the Education-
al Scenario on Throwing Skills Development
caused a significant improvement (p: 0,000)
in the performance of throwing. Its teaching
caused a statistically significant improvement
(p <0,005).
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Figure 1. The fundamental skill of throwing before and after
5. Findings

It seems that children were assisted to better
learn and perform throwing motor skill. This
research finding is, in our opinion, particular-
ly important for effective physical education
teaching.

6. Conclusions

Physical Education Instructional Scenarios
seem (a) to have assisted children of primary
school age to develop their throwing ability,
and (b) to have allowed teaching of other cog-
nitive or academic subjects too —in this work
was the Olympic Values and Ideals. So, it
seems that basic manipulative skills are being
effectively taught by the use of both Educa-
tional Scenario and Developmentally Appro-
priate Physical Education Programs.
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Abstract

The article describes the known approaches for
assessment of student’s problem solving skills.
We make a comparative analysis of different
methodologies used for assessment of student s
problem solving skills. A different approach for
assessment of student s problem solving skills
and its methodology is suggested. The results
of practical usage are presented and the rel-
evant conclusions are made.
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1. Introduction

In the 21st century individuals should have
ability to solve different kind of problems in a
fast-changing borderless world.

The curricula at school focus more on con-
tent rather than skills. i.e. the attention is
paid on content instead of the outcomes af-
ter graduation. It is important to develop in
classes the ability to solve real world prob-
lems and students to be properly assessed
during the training at school. It is not easy,

raicheva@tu-sofia.bg

because problem solving is a complex skill
which requires additional abilities such as
critical and creative thinking; self-directed
learning, team working, communication etc.
Fact that students are good in the school sub-
jects does not mean that they have skills in
problem solving.

The results from the PISA 2012 assessment
of problem solving, which was conducted on
computer and involved about 85 000 students
in 44 countries and economies [1] show that
students in Singapore and Korea, followed
by students in Japan, score higher in prob-
lem solving. Bulgaria is on the bottom of the
chart.

Educational systems in the countries are de-
ferring in their structure, educational goals,
curriculum content, pedagogical practices,
applied approaches, assessment methods are
different, too. Students who perform signifi-
cantly better in problem solving than students
in the rest countries show similar perfor-
mance in mathematics, reading and science.
This survey shows that educational systems
in the countries on the top of the chart give
their students opportunities that prepare them
better for handling real-life problems in con-
texts that they do not usually encounter at
school.
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2. Problem solving assessment
methodologies

2.1. Traditional assessments

Traditional assessment (TA) are the conven-
tional methods that are taken with paper and
pencil (true/false, matching or multiple choice
tests, quiz, essay, exam).

Advantages of Traditional/Standardized As-
sessment

1 Well-designed tests and quizzes can effec-
tively determine whether or not students have
acquired previously learned information.

2. Possibility to make direct comparison of
scores across large groups of students.

3. Traditional assessment score is reliable, i.e.
the test score do not depend on the estimator.
4. Educators teach students how to manage
tests, including strategies for selecting correct
answers from a listed group.

4. TA requires much less time and less cost to
prepare examine papers/tests.

Disadvantages of Traditional Assessment

1. Testing materials are often isolated from
real life.

2. TA does not show the thought process which
led students to arrive at the answer they select-
ed.

2. Students answer questions without the need
to apply long-term critical reasoning skills.

3. Not all students learn the same way and that
is why they can’t demonstrate their knowledge
in the same way.

4. Tests are much less revealing about what we
really know and can do.

5. A student’s attention is focused on and lim-
ited to what is on the test.

2.2. Authentic assessment

The alternative names of authentic assessment
(AA) are alternative assessment, performance
based assessment and direct assessment. This
assessment method measures how well stu-

dents can apply or use obtained knowledge in
“real-world” contexts and also students crea-
tivity; ability to work in collaboration with
other individual, written and oral expression
skills. This kind of assessment encourages stu-
dents to think, more than just memorize and
is integration of teaching, learning and assess-
ing. AA includes a task for students to perform
and a rubric by which their performance on the
task will be evaluated.

There are five major types of performance
samples [2]:

1. Performance Assessment - requires collabo-
rative students work and encourage them to
apply skills and concepts to solve a complex
problem.

The task may be to write, revise, and present
a scientific report to the class; conduct a short
time science experiment and analyze obtained
results, prepare a position in a classroom de-
bate etc.

2. Short Investigations — students are asked to
interpret, describe, calculate, explain or pre-
dict and to understand relationships among
concepts.

3. Open-Response Questions — assessment task
include a brief written or oral presentation; a
mathematical solution; a drawing, a diagram,
chart, or graph.

4. Portfolios — include journal entries and re-
flective writing; peer reviews; student notes
and outlines; rough drafts and polished writing
5. Self-Assessment - requires students to evalu-
ate their own participation, process, and prod-
ucts. The basic tools of self-assessment are
evaluative questions.

Advantages of Authentic Assessment

1. This method allows assessment of complex
learning outcomes.

2. Opportunity to assess the process as well as
the product.

3. Instructional goals are related to real world
context.

4. Assessment of the progress as well as the
performance.
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5. Students are able to participate in the pro-
cess of assessment and also to assess their own
knowledge.

6. It evaluates the “whole student”

Disadvantages of Authentic assessment

1. Constructing performance assessment is
time consuming.

2. Scoring is often questionable because if the
scoring guide is not properly prepared.

3. It may be an added cost to the schools.

4. Difficult to compare results across the stu-
dents.

3. Comparative analysis of
problem solving assessment

3.1. Comparison of problem solving assessment

The following criteria should have in mind
when assess problem solving ability of the stu-
dents [3]:

- Information and Discovery — to understand
the goal; to determine which information will
be most effective and to uncover some in-
formation exploring the problem; how many
steps are required for solving of this problem,
evaluate and select credible sources, determine
constraints, define criterion for judging final
product.

- Analysis and interpretation — the student
classifies and compares information using
appropriate criteria, determines what type of
information will be most effective; identifies
strengths and weaknesses of information,

- Plan and apply a strategy - student selects to
try one or more strategies, that he is familiar
with; select appropriate theory, principles, ap-
proach; considers working backwards; gath-
ered useful tools or methods; map out sub-
problems

- Solve the problem - student is able to draw a
graphic/table/diagram/etc., to explains the po-
tential effectiveness of a proposed solution or

approach, to illustrate the strategy; he is able
to formulate a final answer; all elements of the
solution are legible and organized)

- Evaluate Outcomes — student reviews prob-
lems that are relative to the results, gives spe-
cific considerations of need for further work.

3.2. Analysis of problem solving assessment

Assessment is a complex process and it must
be fair, consistent, valid and reliable for all in-
dividuals. Traditional methods of assessment
of students (e.g., examination; tests, oral pres-
entation) are necessary to be supplemented
with other methods that can evaluate non only
learned material but also ability to solve real
life problems.

Nightingale [4] suggested some suitable meth-

ods for assessment of critical thinking and

problem solving skills, such as:

* do science experiments

* conduct research

* write reports

* read and interpret literature

* solve problem that have real-world applica-
tions

* develop a problem scenario

* Analyse a case

* Draft a research bid to a realistic brief

4. Different approach for
assessment of student’s problem
solving skills

In Bulgaria assessment in the secondary edu-
cation is used traditional assessment methods
— short exam in the beginning of the class-
es and test or essay during the term. Some
school’s teachers try to stimulate students to
work in short team and to collaborate in order
to prepare presentation on given task (scien-
tific experiment, short-time research, literature
review, etc.).

In the classes at Vocational Secondary School
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Name of student

Date

Criteria Points
Points 4 3 2 1

Student Student Student Does not understand
Science demonstrates a full | demonstrates a good | demonstrates a good | the topic very well
concept understanding of | understanding of the |understanding of

the topic topic part of the topic

The presentation The presentation The presentation The presentation

includes four or includes three includes two sources | includes one or
Research more soulrcues and | sources and shows | and shows some no sources and

shows thorough efforts in research | research shows no efforts in

research research

The student uses all | The student uses The student makes | The student makes
Vocabula proper terminology |mostly proper some mistakes in many mistakes in

Y |in presentation terminology in terminology during |terminology during
presentation the presentation the presentation

Graphics and Graphics and tables |Graphics and tables | Presentation does
Graphics tables explain are relevant to rarely support the not include graphics
and tables | and reinforce presentation topic presentation topic or they are unrelated

presentation topic
Order Logical sequence, |Logical order of Some order of ideas |Ideas are not

good overview presentation but jumps around ordered

Conclusions are Conclusions are The conclusions are | Conclusions are not
Conclusions reasonable and partially supported | mostly inconsistent |presented

based on the by the evidence

presented data

Holds attention of | Student use direct Student uses eye No eye contact with
Eve contact audience with the |eye contact but contact occasionally |audience. Student

y use of direct eye frequently returns to |and reads most of | reads all report
contact notes the slides
Total

Table 1. Presentation rubrics, developed for Vocational Secondary School of Computer Technologies and Systems — Pravets

of Computer Technologies and Systems —
Pravets we combine individual problem solv-
ing processes with communication processes
which encourage students for collaboration.
The assessment is focused not only on individ-
ual cognitive skills but also on the social skills
related to establishment and maintenance
shared understanding, group organization, etc.

The tasks, given the students in class are project
and presentations of short-time scientific re-
search. The rubrics for assessment of student’s
projects and oral presentation are developed and
students can participate in assessment process.

The rubrics for assess individuals that develop sci-
entific problem presentation are given in Table 1.

Practice in the school is presentations to be
done by small group of students (two, three of
four people). It is important to assess participa-
tion of each individual in the process and inter-
action with others students. The students can
receive two more poise from the team work-
mates. The maximal score become 30 points.

5. Conclusions

Teachers do not have to choose between au-
thentic assessment and traditional assessment.
Often, teachers use a mix of traditional and
authentic assessments to serve different pur-
poses. When the rubrics are used to assess
problem solving skills they must be designed
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