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Welcome to the Discover the 
COSMOS Conference

Christine Kourkoumelis 
IASA (Institute of Accelerating Systems and Applications) and Physics Faculty, 

University of Athens 
hkourkou@phys.uoa.gr

1. Introduction

It has been noted by various reports that dur-
ing recent years, there has been an alarming 
decline in young people’s interest for science 
studies and mathematics. Since it is believed 
that the traditional teaching methods often fail 
to foster positive attitudes towards learning 
science, the European Commission has made 
intensive efforts to promote science education 
in schools though new methods based on the 
inquiry based techniques: questions, search 
and answers. This is coupled to hands-on ex-
perience, playful learning accompanied by 
laboratory exercises and examples.

“Discover the COSMOS”1 is such a project 
which brings into synergy resources from high 
energy, astronomy and space physics to pro-
mote e-Science in Europe. Event analysis tools 
from the ATLAS experiments at the Large Had-
ron Collider of CERN -such as the “Hunt for 
the Higgs” application- as well as time slices 
in various robotic telescopes around the world 
and the related software to process the images, 
are all available as educational scenarios for 
both the students and the educators.

Discover the COSMOS proposes a reversal 
of science teaching in school from deductive 
1 Discover the COSMOS”  FP7-Coordination action RI-283487.

lectures to the inquiry-based approach which 
raises the interest and curiosity of the students. 
The Inquiry Based Science Education (IBSE) 
is effective with all kinds of students from the 
weakest to the most able and is fully compat-
ible with the ambition of excellence. Moreover 
IBSE is beneficial to promoting girls’ interest 
and participation in science activities. Finally, 
IBSE and traditional deductive approaches are 
not mutually exclusive and should be com-
bined in any science classroom to accommo-
date different levels of knowledge and age 
group preferences.

2. The Discover the COSMOS 
project

The “Discover the COSMOS”[1] project start-
ed on 1st September 2011, for two years and 
belongs to EU’s coordination actions. It is co-
ordinated by the author of this article and has 
fifteen partners from Europe and US (Table I), 
experts in the fields of astronomy, particle and 
space physics as well as in the field of science 
education research. It aims to demonstrate in-
novative ways to involve teachers and students 
in eScience through the use of existing e-in-
frastructures in order to trigger young people’s 
interest in science and in following scientific 
careers. 
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More precisely its objectives were:

• Select a series of eScience initiatives that 
successfully introduce the scientific methodol-
ogy in school science education, by utilizing 
existing research infrastructures of frontier re-
search institutions enriched with online tools 
(data analysis tools, simulators & games) and 
web-interactive educational material. 

• Coordinate the organization of these initia-
tives under a common educational approach 
and develop the Discover the COSMOS Dem-
onstrators which are being exploited and wide-
ly used from the educational communities in 
Europe and beyond. 

• Implement the Discover the COSMOS Dem-
onstrators at large scale in Europe, and or-
ganize a series of activities which introduce 
students and teachers to eScience through the 
use of real scientific instruments (robotic tele-
scopes, accelerators and particle detectors). 

• Create virtual learning communities of edu-
cators, students and researchers and involve 
them in the IBSE. 

Table 1. Consortium: The Partners members 
of the Discover the COSMOS consortium

1 

Institute of Accelerating 
Systems and Applications 
(IASA) Greece

2 CERN 
Switzer-
land

3
Institut d’Astrophysique de 
Paris (IAP) France

4
University of Coimbra 
(UoC) Portugal

5
University of Glamorgan 
(UoG)

United 
Kingdom

6
Cambridge University 
(CAM)

United 
Kingdom

7
Liverpool John Moores 
University (LJMU)

United 
Kingdom

8
Technical University of 
Dresden (TUD) Germany

9
University of Birmingham 
(UoB)

United 
Kingdom

10
Ellinogermaniki Agogi 
(EA) Greece

11
Núcleo Interactivo de As-
tronomia (NUCLIO) Portugal

12 Science View Greece

13
Ministry of Education, Arts 
and Culture (BMUKK) Austria

14
Universidad Complutense 
de Madrid (UCM) Spain

15
Lawrence Berkeley Nation-
al Laboratory (LBNL) USA

At the first stages of the project a work plan of a 
pedagogically structured inquiry-based appro-
ach that promoted school and research centers 
collaboration was adopted. Based on it, a se-
ries of eScience activities, that are offering ac-
cess to a unique scientific resources and tools, 
were selected to act as pilot cases. Obviously 
the usage of these resources by teachers and 
students provides an innovative way to easi-
ly expand greatly the limitations of classroom 
instruction. The resources were then enriched 
with the necessary pedagogical framework 
(connections to the curriculum, organization 
at different levels of complexity, pedagogical 
and technical support, teachers’ training acti-
vities) in order to create a large number (over 
one hundred) of Discover the COSMOS De-
monstrators. The demonstrators can be found 
on the project’s portal[2] and are classified in 
as structured way and searchable according to 
subject (with keywords), age group, duration, 
degree of difficulty etc using metadata files. 
The portal besides being the unique reposi-
tory of the demonstrators, includes material 
previously included at “COSMOS”[3] as well 
as “The Learning with ATLAS@CERN”[4] 
portals/databases. Over 81,000 educational 
objects are organized either in the form of edu-
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cational content or educational scenarios (les-
son plans).

This way the Discover the COSMOS portal 
brings together resources, virtual experiments 
and online labs from the fields of Astronomy, 
Space and High Energy Physics (HEP). The 
HEP resources include real data from CERN’s 
major experiments, ATLAS[5] and CMS[6]. 

The HEP analysis tool called “HYPATIA: 
HYbrid Pupil’s Analysis Tool for Interaction 
in ATLAS”[7] which has been developed for 
the project and extensively used by it in school 
activities, will be summarized in the talk of 
S.Vourakis.

The portal offers access to a network of six ro-
botic telescopes as well, in which the teacher 
can schedule time slots for observation. In ad-
dition several software packages which were 
developed by the partners over the years to be 
used in order to analyse the astronomical ma-
ges will be presented in the conference. They 
can be found in the astronomy tool-box of the 
portal. The “Sun for all”[8] scientific archive 
alone includes over 30.000 Sun images captu-
red the last 80 years.

The consortium has been implementing the 
Discover the COSMOS Demonstrators in 
schools and teachers training centers in Greece, 
Switzerland, France, Portugal, United King-
dom, Germany, Austria, Spain and US. The 
necessary guidance and support were provided 
to teachers and students during the pilots. Ad-
ditionally, national and international contests 
for teachers and students were launched and 
international training seminars, as well as 
summer and winter schools took place in the 
framework of the project to effectively support 
the widespread of the above activities in the 
participating countries and beyond. Using all 
the variety of communication and social net-
working tools, a community of practitioners 
for transferring the pilot implementations to 
the real introduction of eScience in school set-

tings has quickly scaled-up. 

Furthermore, in order to further enlarge the 
community hundreds of continuous dissemi-
nation and clustering activities took place. 
Using as main vehicles the CERN outreach 
programme, the Global Hands On Universe 
initiative and the Galileo Teachers Train-
ing Programme, the consortium is promoting 
the project work at many countries beyond 
Europe. Only through the Galileo teachers’ 
community[9], the consortium has access to 
16,000 teachers in 100 countries including 
Latin America and Asia! 

Finally the impact of the performed activi-
ties is being validated using a standardized 
approach provided by the Austrian Ministry 
of Education who operates a devoted Depart-
ment for assessing the impact of innovations 
in the classroom. The VALNET evaluation 
framework which is used offers the tools to 
identify different multicultural dimensions of 
the educational approaches. The results will be 
presented during the conference. The goal of 
the project was to have an active community 
of 5,000 teachers and 10,000 students using its 
portal.

3. Acknowledgements

The coordinator wishes to thank the Ellinoger-
maniki Agogi School for its perfect organiza-
tion of the concluding conference and in par-
ticular Dr. S. Sotiriou for his expert help and 
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Abstract

Over the past decade, the Global Hands-On 
Universe (GHOU) collaboration has helped 
develop, coordinate, and disseminate powerful 
tools of learning to a wide range of schools, 
from primary schools to secondary schools to 
colleges to after-school and informal science 
centers. GHOU has been adopted at various 
levels in over 100 nations, making GHOU one 
of the larger international educations systems.  
Now we endeavour to go deeper into these na-
tional educational systems, and understand 
how to build local support and teacher com-
munity-building mechanisms for this century.

Keywords

Astronomy education, science education, 
hands-on learning

1. Introduction

GHOU has successfully developed much 
of the infrastructure necessary for hands-on 
learning using real astronomy tools and data.  
Over the past decade, with contributions from 
many nations, we have built the pieces of the 
GHOU educational system so it can be used 
by member nations, including software, web-
sites, discovery campaigns (such as the In-

Global Hands-On Universe: 
A Universe of Learning, Inspiration, 

and Discoveries: 
Developing Ideas On How to Have 

Deeper Impact

Carl Pennypacker1 Rosa Doran2.and the Global HOU Collaoboration3

1UC Berkeley
Lawrence Berkeley Lab, Bld. 50 Room 5036 

Berkeley, CA 94720 
Pennypacker@LBL.gov)

2NUCLIO
Largo dos Topázios, 48 – 3Fte 

2785-817 – S.D. Rana - Portugal 
rosa.doran@nuclio.pt

3Planet Earth
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ternational Asteroid Search Campaign), plan-
etarium software, and use of web resources 
(telescope networks, etc.).  Along the way, we 
have organized GHOU as a non-profit non-
governmental organization (NGO), which re-
lies on member nations for democratic gover-
nance, and endeavours to equalize access and 
use of the astronomy data and educational sys-
tems for all.

Now that we have come this far, we begin to 
face the challenge of going deeper into the 
educational systems, deeper into teachers’ and 
students’ lives, and keep enabling their usage 
and mastery of great tools, content, inspira-
tion, and learning value of astronomy as cap-
tured by GHOU.

It is clear that most educational systems in the 
world are challenged by the fact that many 
students do not learn to like science and math 
from their in-classroom schoolwork, that they 
are not learning deeply, and that our schools 
often produce students who are not good at un-
dertaking careers in science and math.  Hence, 
we feel these students are severely hampered 
in their capabilities to take care of our planet 
and enrich earth for the next generation.  This 
is a fundamental disservice of our society to 
the future and to our children. 

GHOU has a growing base of evidence we do 
successfully change students attitude about 
math and science, that we do tech them skills 
for the future, and that we do help them learn 
more. We describe some of this data below, 
although this is by no means an exhaustive 
survey, but exemplary of some programs, and 
often replicated in many GHOU programs.  

2. Some Accomplishments to Date:

GHOU, working as a Global collaboration, 
has succeeded very well in developing, test-
ing, implementing, training teachers, and us-
ing many of the essential tools to enable the 

whole GHOU system to succeed. This is a 
complicated project – without most of the 
components below, GHOU would function at 
a fraction of its power, if at all.  Here are some 
of the resources now working and generally 
freely available with no cost to the users: 

2.1. Salsa J Image Processing

Developed by FHOU with funding from the 
European Commission, Salsa J is a wonder of 
the world! It does all of the scientific and data 
analysis we need in GHOU activities, and it 
also provides a stable platform for improve-
ments and additions. Its longevity and sustain-
ability is helped in as much as it is based on 
“Image J” image processing software, from 
the United States National Institute of Health. 
(some GHOU teachers indeed use Salsa J to 
measure and look at biological images!). 

2.2. Stellarium Planetarium Software (www.
stellarium.org):

Developed in France and then brought to 
GHOU’s attention and shared by EUHOU, 
Stellarium is a well-maintained, beautiful, and 
powerful planetarium program.  This software 
can undertake many important studies, help 
plan observations, undertake lessons and ac-
tivities such as studying parallax or measuring 
the speed of light via the Roemer experiment…

2.3. Global Hands-on Universe Association 
(www.globalhou.net):

GHOU is a legally incorporated non-profit As-
sociation, registered in Portugal with by-laws, 
boards, leaders, etc.  Regular meetings are 
held at the annual GHOU conference, and the 
GHOU Association is actively engaged in a 
fundraising campaign that endeavours to grow 
GHOU, support is Global efforts, and other ac-
tivities.

2.4. Amazing Curricula and Activities:

GHOU collaborators from a number of na-
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tions have contributed outstanding curricula 
and activities for students and teachers.  Most 
of these activities use real data, promote deep 
conceptual thinking and learning, are hugely 
fun and inspiring, use beautiful images, use 
data from real telescopes, and help students 
learn more and be more inspired and engaged 
in their learning!

2.5. IASC – the GHOU Asteroid Search:

Over the past few years, a large number of 
schools are now discovering asteroids, thanks 
to the International Asteroid Search Campaign, 
which is affiliated with and grew from GHOU.  
There is now a main belt asteroid – Asteroid 
Madisonville High – that was discovered and 
named after a GHOU school (see below).

Figure 1: Orbital Diagram for Asteroid Madisonville High, July 15, 2013.

2.6. GTTP -- Amazing Teacher Training 
Workshops all over the World:

Through the good works of many people in 
this room and their world-wide network of 
collaborators, GHOU and GTTP have trained 
an extraordinary number of teachers around 
the world – 20,000 in 100 nations! Teachers 
in developing nations, industrialized nations, 
and other nations all have undertaken GTTP 
workshops.  These workshops are usually very 
successful, and routinely teachers in the work-
shops remark that these workshops are the best 
they have ever been in, and we have given 
them many ideas for their own classroom us-
age of GHOU.

Figure 2:  Examples of Implementations GTTP/GHOU by Teachers 
around the world (not complete) 

2.7. Telescope Networks:

GHOU now has routine access to a number 
of great telescopes, including INO in Arizo-
na, telescopes in Australia, the Faulkes Tele-
scopes, and now GHOU is an official member/
telescope contributor to SkyNet (see http://
skynet.unc.edu).  We make tremendously good 
use of such telescopes, and we bring a deserv-
ing audience to these worthy collaborators 
with their fine telescopes.

2.8. Engaging and Powerful Hands-On Ac-
tivities and Fun and Instructive Things to 
Learn With GHOU:

GHOU members have developed an extraor-
dinary number of piloted and tested hands-on 
activities that promote deep learning about 
fundamental science. For example, in Berke-
ley we have developed and extensively piloted 
an activity that teaches the correct scale size 
of the solar system, using Salsa J, real images, 
paper tape, and cut out planets. Students learn 
how to use proportion and scale, and also learn 
the true scale size of our solar system, which 
is almost never learned by students anywhere 
on Planet Earth.
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3. Some Results

3.1 Engagement

We know that students prefer HOU to other 
types of sciences taught. Early measurements 
in successful HOU classrooms clearly showed 
deeper engagement in HOU topics s compared 
to other science topic.

 

Fig. 3: Students Like HOU Better than Other Sciences
 

3.2 Acquisition of Key Skills for the Future

In studies of acquisition of skills, students 
who undertook GHOU activities (in this case 
in the Universe Quest after-school program in 
the United States) learned key technologies 
of the future. The figure below shows some 
of these results.

Figure 4: Students acquisition of key technology skills through GHOU

3.3 Learning Science and Math Better

Whenever GHOU teachers use true inquiry 
based learning, and techniques that help stu-
dents build their own conceptual frameworks 
and understanding, we find students can un-
derstand math and science better. An example 
from a GHOU after school session that endea-
voured to teach math integrated with astrono-
my yielded positive results on pre-post-tests of 
simple problems of proportionality and scale.

=

Figure 5: Students acquisition of key math skills through GHOU

4. Possible Ways for GHOU to 
Grow

4.1 Deeper Involvement in Classrooms and 
Teacher’s Lives and Creation of On-going 
Learning Communities

 In the United States, there seems to be a grow-
ing consensus that to help U.S. teachers imple-
ment new ideas, some support and on-going 
stimulation and help is needed beyond the 
multiple day summer or weekend workshops.  
That is, often in GHOU, teachers engage very 
well in the workshop, love our materials, get 
excited about astrophysics, but then sometimes 
have a hard time including GHOU materials in 
their teaching.  We are proposing to potential 
GHOU funders that we begin to pilot, say in 
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five eager nations, a system where teachers 
take summer or weekend workshops, and then 
come to Saturday morning workshops once a 
month. These teachers would receive class-
room visits by the lead GHOU teacher in their 
region, coaching, ideas, materials, and on-go-
ing support to make teaching a collaborative 
effort.  Each of these systems would have a 
reliable (and paid) organizer, new materials, 
perhaps some parts of the workshop broadcast 
over the Internet nationally or internationally, 
cookies, coffee, and lunches, and intend to 
build relationships and collaborations and im-
petus for classroom growth as a community. 
We have been told that this system is wanted 
in the Unites States and in Chile, and we hope 
to find other nations who will participate in our 
pilot. We are seeking financial resources for 
this work, for the local organizers, the cook-
ies and coffee and lunches, and other items for 
teachers to take home that would build some 
enthusiasms for these workshops. 

4.2 Training another 20,000 Teachers 
around the World over the Next Three 
Years  

Since we know we can train teachers and have 
succeeded at reaching 20,000 teachers already, 
endeavouring to reach another 20,000 over 
three years seems to be a reasonable goal.  Par-
ticular emphasis will be put on ways to recruit 
new teachers, who would use our materials in 
classrooms,    

Reaching 20,000 teachers would require an 
average of 200 new teachers from each of our 
100 GHOU nations, so at least two to three 
workshops a year must be undertaken in each 
nation, which is not a trivial number. 

5. Conclusions

With very little centralized funding, Global 
HOU has accomplished large amounts.  Now 
it is appropriate that we attain some central-
ized funding so we can ramp up recruitment, 
accountability, and other measures of success 
and engagement, and enable GHOU to keep 
changing the world for the better.
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Abstract

Training teachers on the use of cutting edge 
e-infrastructures, fostering the integration of 
inquiry resources are just some of the tools 
we have at hand to build the future of our spe-
cie. Empowering teachers with the means to 
achieve this is a bigger mission, today even 
more than it ever was.  As human beings we 
should all be concerned with the future of edu-
cation. Are we preparing a generation that 
will make a difference or are we just keeping 
the status quo? Are we prepared to put “Big 
Data” in the hands of students that are unin-
terested in science? Are we confident that we 
are doing our best to support the teachers in 
our community? Is the economic crisis really 
our bigger concern or are we facing the big-
gest crisis in the educational system? Are we 
preparing students for the future using today’s 
vision or yesterday’s pedagogy? In this talk I 
want to highlight important points that should 
be the priority of all successful communities.

Keywords

teacher training, astronomy, eInfrastructure, 
eScience, inquiry learning, 

1. Introduction

In moments where the world face big crisis we 
can evaluate the true values and the essence 
behind different world policies. A common 
characteristic of obvious cuts in public ex-
penses always line up to give the strongest hits 
in culture, science and education. These are the 
obvious solutions of people whose science lit-
eracy is very low and whose vision has a very 
short horizon. Investing in science and educa-
tion is equivalent to building a strong and free 
community, capable of handling their chal-
lenges together and never losing the important 
perspective: We are all human beings, living 
our short lives in a tiny piece of this enormous 
cosmos. If ever we are to survive as specie we 
need strength of will to make the difference 
and start building the future today. 

2. The Galileo Teacher Training 
Program: A living legacy of 

IYA2009

The Galileo Teacher Training Program (GTTP) 
(Fig 1), was born during the International Year 
of Astronomy 2009. It successfully named rep-
resentatives in over 100 nations and has now 
reached over 20 000 teachers worldwide. It is 
proven to be a strong and sustainable legacy 

Building Blocks 
of our Future 

Rosa Doran
NUCLIO – Núcleo Interativo de Astronomia 

Largo dos Topázios, 48 – 3 Fte 
2785-817 S.D.Rana- Portugal rosa.doran@nuclio.pt
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of this important ephemeris. The institution 
supporting this effort at a global level and the 
one from which the GTTP methodology was 
imported is the Global Hands-on Universe As-
sociation (GHOU).

Figure 1. The Galileo Teacher Training Program logo

The core of this program is the creation of a 
24/7 support network to educators from all 
over the world and provide them with innova-
tive tools for inspirational science teaching. 
The strategy used by early adopters of this 
model was to put scientific data in the hands 
of students and build their scientific literacy 
while doing real research in school. During the 
initial years of the project back in 1994, 2 high 
school students, Melody Spence e Heather 
Tartara (Fig 2), under the supervision of their 
teacher Tim Spuck, discovered a Supernova 
(SN 1994I).

 

Figure 2. Melody Spence and Heather Tartara, the discoverers of 
SN 1994I, while working under the supervision of their teacher, Tim 
Spuck.

This discovery set the tone of the program that 
from then on started bringing real research 
to the fingertips of students from all over the 
world. Learning assumed a completely new 
taste.   

3. Traveling to the past?!?!

Reading the previous paragraph would make 
you think, wow this works in schools since 
1994? So why aren’t we using it? Well, that 
is actually a very good question. Perhaps the 
word money will ring a bell. In many coun-
tries the student centred model is gaining ter-
rain and schools being remodelled completely 
in order to embrace this promising model [1], 
but the vast majority still prefers to use the tra-
ditional teaching mode, which is the one that 
ensures the highest ratio students/teacher and 
therefore the favourite model for economies 
worldwide.  

At a first glance it seems like a reasonable 
choice. It is equivalent to make good use of 
our resources, or is it? Let’s think a little bit. 
Students all over the world are getting less and 
less interested in science; they feel that enter-
ing a classroom is like travelling to the past 
without all the fun. That means that the aver-
age literacy about those subjects is dropping, 
which will eventually prevent future investors 
to make wise choices about important issues 
like climate change, health and education. 
Feeling a victim of this system yet? Well, you 
should. There is a reason why we are continu-
ously threatening the conditions for us to be 
in this pale blue dot. Perhaps, critical thinkers 
and a science literate society wouldn’t give 
birth to monsters that,, as Carl Sagan [2] used 
to say, feast by being “momentary masters of a 
fraction of a dot”.
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4. We all have different 
fingerprints!!

We know that all human beings are different 
from each other. Each and every one of us has 
their own fingerprint, personality, character, 
style, etc. Yet, in order to be considered suc-
cessful in school we need to perform in accor-
dance to standard criteria that tries to measure 
us all, as alike creatures.  In a magnificent TED 
talk, by the renowned author, Sir Ken Robinson 
[3], it is argued that schools are killing creativity. 
Inspired by personal experiences and profound 
reflexion the speaker narrates some interesting 
episodes that recurrently happen in schools all 
over the world. A general reflexion is needed to 
access what is a good definition of a success-
ful student with a brilliant career for the future. 
Taking into consideration that we are preparing 
new generations to handle our planet and define 
the direction of our specie as a whole; do we re-
ally mean to name successful only the students 
that make it to the academic world? 

5. Just Google it!!

When we think about education we need to 
include new ingredients in the recipe. Infor-
mation nowadays flows through the finger-
tips of students, much more information than 
what they can handle. Worse, they don’t have 
the skills to think critically about data flowing 
through their devices. Getting information is 
no longer a challenge, knowing how to use it 
and the power associated to having access to 
all this data archives in many fields of exper-
tise, is the new gold race. The question one 
can pose is: “Why do I need a teacher if I have 
Google?” In an excellent book, with precisely 
this title [4], Ian Gilbert touches critical as-
pects of the new role of a teacher, the role of 
a tutor preparing the future of mankind at the 
speed of light.  

The European Commission is investing strong-

ly in the pursue of information on this path. In 
projects like Discover the Cosmos [5], Open 
Discovery Space [6], Go-lab [7], European 
Hands-on Universe [8], etc., we can find cut-
ting edge science education examples where 
real research is used as tools to teach science 
in schools. In many cases, where this concept 
is being implemented, we have real scientific 
discoveries flowing through the hands of little 
scientist’s apprentice.

6. Science research in the 
fingertips of students. Can they 

really do that? 

The question at hand is: Can students produce 
new science? Do we trust the science they 
produce? Well, many examples can be given 
at this point. The previously mentioned dis-
covery of a supernova by high students in the 
US (Fig.1) is one example of an innovative 
discovery done by young researchers. Anoth-
er example is the International Astronomical 
Search Collaboration, a project that have stu-
dents finding new asteroids, helping scientists 
determine the orbit of rocky objects, tracking 
possible menaces to our planet. In Portugal for 
instance over 20 asteroids where discovered 
by students (Fig 3). 

Figure 3. First asteroids discoverers in Portugal from Escola 
Secundária de Alvide in 2011
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This project is now being integrated as a vir-
tual lab in Go-lab [7] (Fig.4), a project aim-
ing to open up remote science laboratories and 
their online models (online labs) for the large-
scale use in education. Teachers from all over 
the world will be able to involve their students 
in real research, providing them with a unique 
opportunity to understand the scientific meth-
od while using it. 

Figure 4. Global Online Science Labs (www.go-lab-project.eu)

7. Inquired Based Science 
Education while discovering the 

cosmos

The idea of having students performing real 
scientific research might not be so surprising 
to educators, the problem is, how to get start-
ed and what to do? Discover the Cosmos [5] 
(Fig.5),  is offering solutions to this riddle, it 
has nicely gathered over 500 examples of re-
sources that can be used to inspire and engage 
students to follow the scientific method in 
classroom and in many examples obtain new 
results. 

Figure 5. Discover the Cosmos (www.discoverthecosmos.eu) 

Students involved in the project where able, 
for instance, to use robotic telescopes, like the 
Faulkes Telescopes [9] and explore the Uni-
verse in a total different way (Fig. 6). 

Figure 6. Image taken by a Portuguese School using the Faulkes 
Telescope 

All the sudden, the cornerstones of our knowl-
edge about the Universe were flowing though 
their hands and amazing pictures being taken 
while learning curriculum content. Learning 
took a whole new meaning to thousands of 
students reached by this project.

8. Flipped Classroom in today’s 
world

There is a silent scream coming from students 
from all over the world asking us to change the 
way we teach them. Information flows through 
their fingertips with the velocity of light. Sci-
ence outreach shows invade their televisions 
and games with cutting edge design and in-
terfaces are everywhere. How can a teacher 
compete with Morgan Freeman while he talks 
about Black Holes and other fascinating sub-
jects? Or Whoopi Goldberg narrating a Jour-
ney to the Stars ? Well, in fact, the question is: 
why should they? Teacher’s should embrace 
the possibility of using skilled science out-
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reach promoters e assume their role as tutors. 
Having these nice shows without an in-depth 
reflection is useless. This is where the presence 
of a teacher/tutor is key. The flipped classroom 
model [10] uses precisely this philosophy of 
sparkling student’s interest and pursuing the 
inquiry based methodology for learning skills. 

9. Tools and Resources

Taking this important step of flipping a class-
room needs to be accompanied by proper tools 
and resources. In the previous items some 
examples have been shown, like Discover 
the Cosmos’s resources and tools such as the 
Faulkes Telescope.  These are good examples 
of material that allows teachers to engage their 
students in meaningful learning experiences. 
The European Hands-on Universe Consortium 
for example has developed a very powerful 
and user-friendly tool for image processing, 
Salsa J (Fig.7). Students can analyse images 
and perform elaborate studies such as finding 
the black hole in the center of our galaxy, de-
termining the existence of a planet around an-
other star, etc. 

Figure 7. Salsa J, an user-friendly image processing software specially 
designed for astronomy research

10. But what about the teachers?

The acceptance of these fast changes is not 
easy for teachers that were not educated in 
the innovative systems we are trying to imple-

ment today, nor prepared to embrace the fast 
growing ICT skills needs in order to keep up 
to date with the novelties falling like leaves in 
the hands of their students. The digital divide 
[11] is not only affecting developing countries, 
it is also victimizing those whose ICT literacy 
or skills is not yet so developed. For this rea-
son, and in order to prevent teachers assuming 
the role of a live barrier, we need to train and 
provide a continuous support to educators in 
the form of continuous professional develop-
ment tools and resources. A 24/7 support net-
work of practitioners must be in place. This is 
precisely what the GTTP is trying to achieve. 
Besides this, a smart repository of tools and 
resources, a one-stop-shop for teachers, where 
they can find all the solutions they might need 
to redesign their classrooms is mandatory. This 
is precisely the goal of Open Discovery Space 
[6] (Fig.8), an ambitious aggregator of smart 
solutions of elearning that will provide not 
only the material but also the connections to 
sustainable solutions for support and profes-
sional development. 

Figure 8 – Open Discovery Space (www.opendiscoveryspace.eu)

11. Collaboration and joint 
strategies

There are many projects out there addressing 
different general and specific needs on the field 
of science education. But the community we 
are trying to reach is composed by millions of 
people. How do we effectively reach all chil-
dren in the world ensuring that everyone has 
the same opportunities? Well, it is easy; we 
share the best we can. Our financial resources 
are finite but our will to make a difference is 
not. Joint efforts, common and well-structured 
strategies, collaboration instead of competition 
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are the key to the achievement of success. The 
Galileo Teacher Training Program, using this 
philosophy, is reaching out children from all 
over the world (Fig.9)

 

Figure 9 – Some countries reached by GTTP (from left to right: 
Tanzania, China, Portugal and Indonesia)

12. Conclusion

Finding the correct ingredients for the con-
struction of a literate and self-aware global 
civilization is a giant’s task. But if we all de-
vote our best to this mission and using the tools 
at hand, it is a feasible one. 
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Abstract

The Faulkes Telescope Project (FTP) provides 
access to research class telescopes for educa-
tional use with the aim of engaging students 
in Inquiry-based Science Education and STEM 
(Science, Technology, Engineering and Maths) 
subjects. 

School students regularly have the opportunity 
to collaborate on real research programmes 
with both amateur and professional astrono-
mers on topics such as monitoring comets, 
follow-up of newly discovered asteroids, par-
allax observations of asteroids and exoplanet 
systems. 

In this paper we present the results from a se-
lected number of Inquiry Based Science Edu-
cation (IBSE) projects which students have 
undertaken using the telescopes and telescope 
data. 

Keywords

Astronomy, inquiry-based science education, 
research, robotic telescopes 

1. Introduction

The potential of astronomy and space to in-
spire in students an appreciation of science as a 
whole is well known, but without a wide range 
of quality resources it is very difficult for any 
teacher to unlock that potential. 

Fortunately, many such resources exist, includ-
ing robotic telescopes that can be used by stu-
dents to take images of objects in the cosmos 
and carry out their own astronomical research.

One such resource is the Faulkes Telescope 
Project (FTP) which offers access to 2-metre 
professional instruments that can be used by 
schools students in the classroom, enthusing 
them in STEM subjects though engaging them 
in real astronomical research. 

Since September 2011, FTP has been involved 
in the EU-FP7 funded ‘Discover the Cosmos’ 
(DtC) project which aims to spark young 
people’s interest in science and scientific ca-
reers through the use of innovative e-science 
initiatives. Robotic telescopes are one of these 
initiatives, and schools from the 8 European 
countries involved in DtC have been able to 
access the Faulkes Telescopes to both carry 
out their own research projects and to help 
with the work of professional and amateur as-

Educational Projects with the 
Faulkes Telescopes
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fraser.lewis@faulkes-telescope.com
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tronomers. These IBSE projects are described 
in section 3; first we present the tools and re-
sources that are available for DtC schools to 
use through FTP. 

2. The Faulkes Telescope Project 

The FTP [1] was established in 2004 with the 
aim of enthusing students in subject areas such 
as science, mathematics and information tech-
nology. With funding from the Dill Faulkes 
Educational Trust [2] and the UK Government, 
two 2-metre telescopes were built in Hawaii 
and Australia, specifically for UK students to 
control and use over the Internet from their 
classrooms. The locations of these telescopes, 
known as Faulkes Telescope North (Hawaii) 
and Faulkes Telescope South (Australia), can 
be seen in Fig. 1.

Figure 1. Location of Faulkes Telescope North and South

In 2005, the US-based Las Cumbres Observa-
tory Global Telescope (LCOGT) network [3] 
took over the project and bought the two Faul-
kes Telescopes for the beginnings of its net-
work of telescopes across the globe. LCOGT 
aims to build two networks of telescopes, one 
with 24 × 0.4 metre telescopes for use in edu-
cation and one with 17 × 1 metre telescopes 
for scientific use [4].  The planned locations 
for the extended LCOGT network are shown 
in Fig. 2. 

Figure 2. Planned locations for the extended LCOGT network

2.1 Access to the Faulkes Telescopes 

Currently, the two 2-metre Faulkes Telescopes 
are available free for any school in the UK and 
Ireland, and selected schools across Europe 
and the US, to use, but access requires regis-
tration with the Faulkes Telescope Project. To 
then observe on the telescopes you must log 
into your account and choose a time and date 
that suits you before booking the correspond-
ing session on the telescope. Each session lasts 
30 minutes, and to apply for more observing 
time in your account you simply have to fill 
out an online form requesting more time. 

Eventually, access to all the telescopes offered 
by LCOGT will be provided free of charge to 
schools all over the world, enabling students 
to carry out their own personal astronomy re-
search from the telescope of their choice.

2.2 The Telescopes 

The 2m Faulkes Telescopes are housed in a 
clamshell design enclosure which opens fully 
when the skies are clear and the conditions are 
good for observing (Fig. 3). 

Figure 3. The enclosure for Faulkes Telescope North
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The telescopes themselves consist of a 2m pri-
mary mirror and a smaller, secondary mirror. 
Light from the astronomical sources falls onto 
the telescope’s primary mirror, is reflected 
back onto the secondary, and then reflected 
onto the detector (Fig. 4).

Figure 4. The light path in the 2m Faulkes Telescope

The detector consists of a set of filters and a 
CCD camera. The filters are used to allow only 
particular wavelengths of light through to the 
camera. Different filters can be used to bring 
out different regions in astronomical objects. 
The CCD camera is made up of an array of 
2048 x 2048 pixels, which are sensitive to any 
light that falls on them. The field of view of 
the camera (the amount of sky that the camera 
can image) is fixed at 10.5 x 10.5 arcminutes – 
equivalent to about 1/3 the diameter of the size 
of the full Moon (Fig. 5).

Figure 5. The field of view of the Faulkes 2m telescopes in comparison 
with the full Moon.

2.3 The Data Archive

Although there is a restriction on telescope use 
at present for schools across Europe, the data 
archive, where every image taken by the tele-
scopes is stored, is freely accessible for anyone 
in the world to access. This is particularly use-
ful for teachers and students who are just start-
ing out on astronomy projects, as it gives them 
the chance to learn the processes behind ana-
lysing the data before using the telescopes and 
gathering their own. The archive, which can 
be found on the LCOGT website [5] is simple 
to access, and can be searched by a variety of 
parameters such as object name, object type, 
telescope used for observation, date of obser-
vations and filters to name but a few. 

3. Educational Projects

FTP provides a fully supported education pro-
gramme to encourage teachers and students 
alike to engage in research-based science edu-
cation using robotic telescopes. The projects 
range from beginners to advanced level, and 
some have pre-packaged data taken from the 
data archive so that students and teachers can 
either learn the steps involved in the projects, 
before carrying out their own observing with 
the telescopes, or just complete a simple ac-
tivity in a science class. All necessary project 
resources (worksheets, guidance notes, data 
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etc.) can be accessed free of charge from the 
Faulkes resources portal [6]. 

The educational materials on this portal are 
mainly aimed at students aged 11-14 years. 
With input from astronomers across the world, 
more advanced research projects are being pro-
duced, giving older students (15-18 years) the 
chance to carry out real astronomical research, 
helping astronomers in their quest to answer 
some of the key questions in astronomy. 

Of particular interest in the resources portal 
are links to projects which schools can carry 
out with other schools, or at the request of pro-
fessional/amateur astronomers. These projects 
contain all the necessary background informa-
tion needed to participate in the observing, 
along with guidance documents on what to do 
with the data once it has been acquired. 

Below we describe some of the projects car-
ried out by schools, both in collaboration with 
each other, and with astronomers. 

3.1 Collaborative Projects Across the EU

After meeting for the first time at a European 
Hands-On Universe (EU-HOU) [7] Teacher 
Training Session in Poland in 2010, users of 
the Faulkes Telescopes from across Europe 
came together in a joint collaborative project 
to study asteroids in the Solar System. Teach-
ers from the UK, Ireland, Poland, France and 
Portugal attended the training workshop and 
the idea to join together and begin work on a 
project with their students, began to form. Af-
ter returning to their countries, they success-
fully applied for funding from the EU Come-
nius Programme which aims to introduce and 
strengthen European links to the school’s cur-
riculum [8]. 

The 2 year project, which began in 2011 con-
sisted of 6 schools from the countries above 
working together on the “In Orbit with Eu-
rope!” project, using robotic telescopes to ob-
serve asteroids in the Solar System, sharing 

their results and producing short stories based 
on the topic of asteroids [9]. 

In January 2012, the schools began their proj-
ect using Faulkes Telescope North to observe 
asteroid Kariba and produce a light curve of 
it as it tumbled through space. Joining up on 
Skype, and supported by the FTP team, each 
school was allocated 30 minutes on the tele-
scope, during which time they observed the 
asteroid continuously. Only a couple of weeks 
later, they had analysed their data using the 
free software package SalsaJ [10] and pro-
duced the lightcurve seen in Fig. 6. 

Figure 6. Lightcurve of asteroid Kariba, as produced by the 6 
member schools of the “In orbit in Europe!” project. The data points 
from each school (France – FR, Poland – PL, Portugal – PT, Ireland – 
IR, United Kingdom – UK) are highlighted on the plot.

From this lightcurve, the rotation period of 
the asteroid can be obtained and from the data 
here, it appears that asteroid Kariba takes just 
under 3.5 hours to make a full rotation.

The team continued their project with obser-
vations of a smaller, fainter asteroid in Octo-
ber 2012, this time using Faulkes Telescope 
South. Their target, (11264) Claudiomaccone 
was known to have a moon and the students 
aimed to produce a lightcurve showing the 
moon eclipsing the asteroid, again using the 
free software package, SalsaJ. The lightcurve 
they produced is shown in Fig. 7. Although the 
telescope was taken over by a target of oppor-
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tunity during the session, a hint of an eclipse 
can be seen in the curve. 

Figure 7. Lightcurve of asteroid (11264) Claudiomaccone, produced 
by the “In orbit with Europe” team. The position of the possible eclipse 
of the asteroid by its moon is highlighted.

The final observing project the team carried 
out, in March 2013, was perhaps the most 
challenging – they aimed to measure the par-
allax of an asteroid using both Faulkes Tele-
scope North and South (Fig. 8). The target was 
asteroid (270) Anahita, and once more, SalsaJ 
was used to analyse the data files which the 
schools obtained. 

Figure 8. How asteroids can appear to be at 2 different points with 
respect to the background stars.

With some help from a professional astrono-
mer in Paris-Meudon Observatory, the team 
managed to calculate the distance to the aster-
oid, and after checking the actual distance as 
given by the NASA Jet Propulsion Lab Hori-
zons website [11], found their values agreed 

within 0.15%. This was a fantastic achieve-
ment for the schools involved, and proof that 
more complex work can be carried out by 
schools using data obtained from the Faulkes 
Telescopes. 

3.2 Working with Professional 
Astronomers

Since March 2013, FTP has been working 
with astronomers at the University of Colo-
rado on a project observing exoplanet systems 
around cool stars. After obtaining spectra from 
the Hubble Space Telescope, the astronomers 
asked FT users to observe these stars in the 
hope that sunspots on their surface will be dis-
tinct enough that the light output of the star 
can be seen varying over time. By measuring 
this variability, the spin period of the stars can 
be determined, which in turn will help the as-
tronomers to improve their understanding of 
the environments in which these exoplanets 
are found. Once enough data has been taken 
for these objects, students will be able to use 
free software with detailed instructions to per-
form their own analysis to supplement that be-
ing performed by the experts. At present, the 
astronomers are not wholly sure that the vari-
ability will be measurable, but this highlights 
the work carried out by real researchers and 
gives students a taste of how even if a project 
does not give the anticipated results, scientists 
can still learn a lot from the processes that they 
conduct. 

In another research project which began in 
September 2012, FT users have been invited to 
collaborate with the world-renowned Lowell 
Observatory to image small, icy bodies in the 
far reaches of our Solar System.  

The Lowell Observatory in Flagstaff, Arizona 
is famous for the discovery of Pluto, once the 
ninth planet of our Solar System, now one of a 
handful of dwarf planets since the IAU reclas-
sified it in 2006.  

As part of a project to refine the orbits of other 
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Pluto-like objects, schools using the Faulkes 
Telescopes are collaborating and helping the 
astronomers gather their data. 

Centaurs and Kuiper Belt Objects (KBOs) are 
icy bodies which orbit the Sun beyond Jupi-
ter. With characteristics of both asteroids and 
comets, the Centaurs orbit between Jupiter and 
Neptune and usually cross the orbit of at least 
1 gas giant. KBOs are found beyond Neptune, 
in an area known as the Kuiper Belt (or Kuip-
er-Edgeworth Belt, see Fig. 9). 

Figure 9. The Kuiper Belt and Oort Cloud surrounding our Solar 
System

It is these types of objects which Faulkes Tele-
scope users have been asked to observe. The 
objects in the target lists are published on the 
front page of the FT website and have only 
been observed on relatively few occasions. 
This means that their exact position on the 
sky, and the shape of their orbit are not well 
known - but with the help of schools, this can 
be changed.

4. Future Plans

4.1 Rosetta Mission

In 2004, the European Space Agency (ESA) 
launched a ‘comet chaser’ mission to rendez-
vous with Comet 67P/Churyumov-Gerasimen-
ko [12]. Due to arrive in 2014, Rosetta will 

consist of an orbiter and a lander, and aims 
to study the make-up of this dirty snowball, 
whilst it is far from the Sun. Comets are made 
up of rock, gases and ice, and orbit the Sun in 
highly elliptical orbits, originating either from 
the Kuiper Belt (short-period comets) or the 
Oort Cloud (long-period comets). Comet 67P/
Churyumov-Gerasimenko is a short period 
comet, orbiting the Sun once every 6.6 years, 
but despite the regular trips that it makes to 
the inner part of our Solar System, very little 
is known about this object. In order to get as 
close as possible to the comet, accurate cal-
culations of its orbit are essential, and this is 
where schools come in – the more ground-
based observations of Comet 67P/Churyu-
mov-Gerasimenko that can be obtained, the 
more accurate its position can be calculated. 
Using the 2m FTs will be invaluable for this as 
schools can observe the comet and measure its 
position using free software thus helping the 
mission scientists with their work.   

4.2 GAIA Mission

In September 2013, the ESA will launch a mis-
sion to map the positions of a billion stars in the 
Milky Way galaxy, to find their precise posi-
tions and apparent motions through space [13]. 
A by-product of this will be the detection of 
hundreds of thousands of previously unknown 
objects, ranging from asteroids in our Solar 
System to planets orbiting other stars, and 
supernova explosions. FTP will work closely 
with the GAIA mission team to send out infor-
mation to FT users on these previously unseen 
objects in the hope that schools can carry out 
follow-up observations with the telescopes, 
analyse the images and conclude what types of 
objects these are. With so much data coming 
in every day from this mission, the chances for 
schools to take part in real research and make 
real discoveries are truly, out of this world!
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Abstract

A first European network of six radio-tele-
scopes for education has been developed in 
the course of the EUHOUMW “Connecting 
classrooms to the Milky Way” project, sup-
ported by the Life Long Learning Programme 
(Comenius) of the European Commission and 
a consortium of 11 European partners. It aims 
at re-awakening the interest of the new genera-
tion for science. This educational project links 
with some frontline astronomical topics, like 
the development of the major research facil-
ity at Horizon 2020 SKA (Square Kilometre 
Array). It focuses on secondary level pupils 
and their teachers. A multilingual Web inter-
face has been developed to enable learners 
to remotely control the EUHOU-MW instru-
ments and to observe on-line with a browser. 
A pedagogical sequence has been developed in 
order to focus on the main concepts underly-
ing the proposed tools and to enable the learner 
to follow the scientific methodology from the 
data observation to the physical understand-
ing of observed velocities. This includes a 
kinesthetic activity to explain the modelling 
coupled with an activity using the simulator 
of observation.  A 10-A0-panels exhibition has 
also been prepared and printed to be presented 

in interested classrooms as support material. 
All the pedagogical material including videos 
is freely available on the “Hands-On Universe, 
Europe” Web site. 

Keywords

Radio-astronomy, remotely-controlled tele-
scopes, pedagogy, kinesthesia

1. Introduction

The current lack of interest for science among 
the young generation [1] can be challenged by 
researchers who are the best promoters of the 
science they work on. In addition, the scientific 
community should explain to the general public 
why important public funds are used to devel-
op major instruments (e.g. Square Kilometre 
Array by Horizon 2020). Proposing scientific 
activities with research-quality instruments to 
secondary school pupils enters in this outreach 
effort towards the society.  Radioastronomy is 
typically a not-so-easy topic to explain, and 
instruments are often complicated to use. On-
sala Observatory/Chalmers University in Swe-
den was the first to develop a “Such A Lovely 

EUHOU-MW “Connecting 
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Antenna” (SALSA) for education in the course 
of the 2004-2006 EU-HOU project (Minerva/
ICT funding), enabling European secondary 
school pupils to observe remotely.  In Section 
2, we present the instruments that have been 
deployed in five different European countries 
in the course of the 2010-2012 EUHOU-MW 
project. In Section 3, we describe the Web in-
terface that has been developed to control these 
instruments. In Section 4, we explain how the 
modelling concepts necessary to understand 
the observed spectral lines can be introduced 
with kinesthesia. In Section 5, we explain the 
pedagogical sequence that has been tested with 
secondary school teachers, undergraduate and 
master students (initial teacher training).

Figure 1. Small Radio Telescope (SRT) installed in Craiova. Similar 
instruments have been deployed in Krakow, Lisbon, Madrid and Paris.

2. The EUHOU-MW partnership

Eleven European partners have been involved 
in this project aiming at introducing 21cm ob-
servations in secondary level:

(1) France, Pierre & Marie Curie University

(2) Belgium, Planetarium of Brussels, Royal 
Observatory of Belgium

(3) Cyprus, Saint Nikolas Lyceum

(4) Germany, Föderverein Astropeiler Stockert 
e.V.

(5) Greece, Institute for Space Applications 
and Remote Sensing, National Observatory of 
Athens

(6) Poland, Jagiellonian University

(7) Portugal, NUCLIO – Núcleo Interactivo de 
Astronomia

(8) Romania, University of Craiova

(9) Spain, Universidad Complutense de Madrid

(10) Sweden, House of Science

(11) United Kingdom, University of Glamor-
gan

While five countries (1,6,7,8,9) decided to host 
a 3m dish, six others partners are supporting 
the activities and the dissemination activities at 
national level. 

Figure 2. European EUHOU-MW partnership

3. Radiotelescope network

Five identical 3m dishes have been acquired 
from the USA Cassi-Corp company. Each 
instrument is equipped with a spectroscope 
(bandwidth: 1.07MHz = 225km/s at 21.1cm) 
enabling observations at 21.1cm (1420.4MHz).  
They have been designed to observe the hyper-
fine transition of the hydrogen. The probability 
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to observe this transition is very low (P~10-
7), but the hydrogen in the Milky Way is very 
abundant (1.23 1010 Msol, [2]). 

They have been deployed in major European 
cities: Craiova, Krakow, Lisbon, Madrid, Paris. 
The protection of frequency bands (like the 
band centred on 21.1cm) for radio astronomical 
signals prevent big cities from major electro-
magnetic pollution (while they severely suffer 
from light pollution).

It has required important efforts from each 
local team to install them and make them op-
erational. The instruments have been provided 
with a Java control software enabling local ob-
servations.

Radio-astronomical instruments operate at the 
diffraction limit. The Full Width Half Maxi-
mum (FWHM) size of the Airy spot is: q=70 
deg l/D. Hence the 3m dishes operating at 
21cm have a FWHM of 5 degrees correspond-
ing to 10 times the diameter of the Moon. 

4. Multilingual Web interface 

Figure 3. Multilingual Web interface developed to monitor the EUHOU-
MW radio-telescope network

An essential and challenging aspect of the proj-
ect was to develop a Web interface enabling 

secondary school pupils and their teachers to 
remotely observe with the instruments. An-
toine Radiguet has undertaken this task under 
the supervision of Philippe Salomé in Paris. A 
single Web page enables to control the different 
instruments. A booking system has been devel-
oped enabling each user to register and to book 
in advance observing slots. During his observ-
ing slot, the user can take control remotely of 
the chosen radio-telescope. He can choose the 
position of observations in three ways: (1) he 
can click on a Galactic map (in Galactic coordi-
nates) displaying the distribution of HI and the 
visibility area (at the time of observations), (2) 
he can point on a map giving local coordinates 
(azimuth, elevation) or (3) tape directly Galac-
tic latitude and longitude in degrees. The three 
ways of pointing are displayed on-line (e.g. if 
you click on one, you will get the other two). 

Once the desired position has been chosen and 
the observation asked for, a webcam displays 
the radio-telescope and shows its displacements 
during the pointing, calibrating and observing. 
Once the observation is completed, a HI spec-
trum is displayed.  In order to ease the handling 
of the observation (a 21cm spectrum displayed 
in velocity), easy reduction and analysis pro-
cedures are proposed. The user can adjust a 
baseline on the continuum level (due mainly to 
the background outside the 21cm line), he can 
select the peak of maximum velocity to add a 
point on the rotation curve, and then click on all 
the peak of the spectra to reconstruct positions 
of the 2-dimension structure of the Milky Way 
(spiral structure).

Similar observations can be performed with a 
“simulator” of observations: the same opera-
tions are performed but instead of providing in-
structions to an instrument the request is sent to 
the professional archives. These archives con-
sist in an all-sky survey performed at 21cm [2], 
with a 0.5/1degree resolution. Besides remov-
ing the on-the-spot aspect of the observations, 
this functionality enables to get data which are 
not observable at a given time, and to get data 
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with a better resolution. It is thus a valuable 
tool to compare observations and understand 
possible effects of the resolution.

Last, all the observations acquired by the 
EUHOU-MW instruments are stored in an ar-
chive. They can easily be browsed with the pa-
rameters of observations. It is then possible to 
perform the same reduction and analysis steps 
described above. It is also possible to down-
load the selected spectra in cvs or fits format, 
and e.g. to display them in the SalsaJ software.

The Web interface is available in 16 languages 
including Vietnamese, Indonesian and Rus-
sian. The booking system is ruled by several 
levels of administration: the radio-telescope 
administrator and the language/national ad-
ministrator.

5. Kinesthesia

Figure 4. Kinesthetic activity lead by Prof. Alexander Rudolph 
(Pomona Univ.,  Berkeley, USA)

Even though the Web interface provides easy 
to use tools, it is not yet a self-sustained peda-
gogical tool to be use in classrooms. It has to 
be embedded in a pedagogical sequence. The 
modelling procedure used in the Web interface 
assumes circular orbits and relies on not-so 
easy concepts (Galactic coordinates, Galactic 
radius, radial velocity, line of sight, etc.). In or-
der to overcome these difficulties, Alexander 
Rudolph (Pomona University, Berkeley, USA, 
during his sabbatical at UPMC) has developed 
a kinesthetic activity focusing on concepts in 
a ludic way. 

This type of approach at the cutting edge of 
cognitive sciences provides an important place 
to the bodies’ participants who act directly in 
the modelling. 

Four circles modelling orbits are drawn on the 
ground with chalk before the training session. 
Then considering a constant rotation speed 
(a reasonable assumption for a galaxy, even 
though it can be questioned), equally spaced 
ticks are then drawn long every orbit (the same 
interval is used for each orbit.) The simula-
tion scene is ready: each participant stays at 
one tick. At each clap/signal, the participants 
will move to the next tick, simulating the dif-
ferential rotation of the Milky Way. It is also 
possible to simulate a rigid rotation (like a 
CD-rom), asking the participants to follow the 
orbits aligned along a cross centred on the cen-
tral black hole of the Milky Way. This is a very 
efficient way to feel physically the different 
types of rotation and how it relates to velocity.

Adding bungee strings to this simple set-up 
enables to define a Doppler detector. Applying 
adapted approximations to the radial velocity 
formula that describes the observed velocities 
allows to define relative velocity patterns in 
each Galactic quadrants. It is possible to feel 
these relative velocities with the Doppler de-
tector.

It is also possible to present the Galactic coor-
dinate system: the Sun (itself orbiting around 
the Galactic centre) is the origin of a Cartesian 
system.

6. Pedagogical sequence

The kinesthetic activity becomes meaningful 
when it is included in a whole pedagogical se-
quence addressing several concepts in different 
manner. We propose to proceed as follow. (1) 
The researcher point of view is first presented 
with e.g. a diaporama presentation. He presents 
in a simplified manner our current knowledge 
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of the Milky Way from a general point of view 
and from the radio-astronomy perspective. He 
thus shows the professional neutral hydrogen 
data cube [2], e.g. under the form of a movie 
displaying the different velocities planes from 
-300km/s to 300km/s. This observational data 
are stored in Galactic coordinates. This movie 
displaying the velocities of the hydrogen gas 
in our Milky Way (these are observations) ex-
hibits complex behaviours. We know that 90% 
of the hydrogen gas lies in the Galactic plane 
(at Galactic latitude 0 degree). We thus restrict 
the analysis to the Galactic plane and assume 
circular orbits for the gas. With a little of alge-
bra, a formula for the observed radial velocity 
Vr can be derived:

Vr= V Ro/R sin l – Vo sin l, where V is the 
circular velocity, R is the Galactocentric ra-
dius (i.e. the distance of a cloud of gas to the 
Galactic centre), Ro the distance of the Sun to 
the Galactic centre and l the Galactic longitude 
of the observation performed in the Galactic 
plane (at a Galactic latitude b=0). Galactic 
quadrants are usually defined by astronomers: 
quadrant #I: l=0-90deg; quadrant #II: l=90-
180deg; quadrant #III: l=180-270deg; quad-
rant #IV: l=270-360deg. It is then possible to 
perform some approximations in order to get 
a simple understanding of the above formula, 
and to get a general behaviour of the velocity. 
First, for each quadrant the sign of l is know. 
Second, in quadrants #II and #III, the Galac-
tocentric radius R is larger than Ro, while in 
quadrants #I and #IV most of the gas lie with 
Ro but not all. Last, we know that in most gal-
axies the rotation curves are flat, so we can try 
to approximate V with Vo. 

These 3 approximations enable to get a sign 
of the velocity in each quadrant. This can be 
check with bungee cords in kinesthesia. A sim-
ple activity can be proposed to find the sign of 
the velocity in each quadrant with the formula. 
Then, a computed-based activity can be pro-
posed e.g. on the EUHOU-MW simulator of 
observations, to see how this modelling is used 

in the Web interface.

This pedagogical sequence provides an under-
standing of the methods. Learners have then 
the basis knowledge and know-how to use the 
EUHOU-MW radiotelescopes and understand 
their manipulations. 

7. Dissemination materials

Figure 5. Example of one A0 panel (English 
version) prepared for the exhibition.

Ten A0 panels presenting the basics of radioas-
tronomy have been developed as a support ac-
tivity for school using of the EUHOU-MW in-
struments. It has been done by Yannick Libert 
with the support of a graphic designer (Aurore 
Mathon). Each panel has been translated by 
the partners in 10 languages. This exhibition 
has been printed by each partner to circulate in 
the interested schools.

A second exhibition (in A4 format) adapted for 
middle school level is currently finalised. 
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CD-roms gathering the pedagogical resources 
prepared in the course of the project are cur-
rently printed and will be distributed in each 
partner country. The material is also available 
on the Web site of the project www.euhou.net.

8. Conclusions

We have developed pedagogical tools inspired 
by research activities. Beside the technical 
tools, a whole pedagogical sequence has been 
implemented and tested with European teach-
ers. 

Questionnaires have been distributed dur-
ing three European teacher training sessions 
and have shown a positive feed-back on the 
EUHOU-MW activities.

The EUHOU-MW radio-telescope network is 
available, every interested learner can register 
and apply for observing time. The system is 
operational but additional feed-back from us-
ers is most welcome as it could enable us to 
improve it. 

Additional languages can be included if the 
translation work can be done in our pootle 
translation server.

The instruments are well-adapted to develop 
school projects, and possible international 
school collaborations. These instruments can 
indeed be used 24 hours a day, and can be used 
in day-time in Europe, but also in night-time in 
other parts of the world.
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Abstract

In order to handle the onslaught of data spill-
ing from telescopes on the Earth and on orbit, 
CosmoQuest has created a virtual research fa-
cility that allows the public to collaborate with 
science teams on projects that would other-
wise lack the necessary human resources. This 
second-generation citizen science site goes be-
yond asking people to click on images to also 
engaging them in taking classes, attending vir-
tual seminars, and participating in virtual star 
parties. These features were introduced to try 
and expand the diversity of motivations that 
bring people to the project and that keep them 
engaged overtime. During the 2nd quarter of 
2013, users were asked to complete a survey 
on motivation, engagement in science, and ba-
sic demographics. In this oral presentation we 
overview the facility and discuss how Cosmo-
Quest’s user motivations compare to those of 
users of other Citizen Science websites.

Keywords

Citizen science, crowd sourcing, motivation, 
cyber-infrastructure

1. Introduction

In creating the CosmoQuest Virtual Research 
Facility, we sought to answer the question, 
“What would happen if we provided the pub-
lic with the same kinds of facilities scientists 
have, and invite them to be our collaborators?” 
It had already been observed that the public 
readily attends public science lectures, open 
houses at science facilities, and education pro-
grams such as star parties. It was hoped that 
by creating a central facility, we could build a 
community of people learning and doing sci-
ence in a productive manner. In order to be 
successful, we needed to first create the facil-
ity (section 2), then test if people were com-
ing both to learn and to do science (section 3), 
and finally to verify that people were doing 
legitimate science (section 4). During the past 
18 months of operations, we have continued 
to work through each of these stages, as dis-
cussed below. At this early date, progress is 
on-going, and much research remains to be 
done, but all indications show that we are on 
our way to building a community of people 
learning and doing science. 

The CosmoQuest Virtual Research 
Facility: Motivating Everyday 

Scientists 
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2. Infrastructure within 
CosmoQuest

In constructing CosmoQuest, we brainstormed 
what facilities are available at top public and 
private astronomy departments and centers, 
and then sought ways to construct virtual ver-
sions of these opportunities that are scaffolded 
for use by the general public. Our initial list 
of desired facilities, each detailed below, in-
cludes: science teams working on ambitious 
citizen science projects, seminars and star par-
ties (using Google Hangouts-on-Air in place 
of a lecture hall), planetarium shows, social 
and collaboration spaces, educator training, 
and classes. In addition to these interactive 
features, CosmoQuest also has extensive static 
content for learning.

2.1 Research Opportunities

At the heart of CosmoQuest are a series of 
citizen science projects. The initial set of proj-
ects focuses on two broad sets of tasks: Map-
per projects that explore the surfaces of rocky 
worlds, and Investigator projects that look at 
objects moving through our solar system. 

The three Mapper projects – Moon Mapper 
(launched January 2012, Lunar Reconnais-
sance Obiter data), Asteroid Mapper: Vesta 
(launched September 2012, Dawn data), and 
Planet Mapper: Mercury (launched July 2013, 
MESSENGER data) – each ask community 

members to help team scientists map specific 
features, including: craters, various types of 
fault lines, boulders, crater chains, and al-
bedo  features. Each interface uses a parallel 
interface (see Figure 1), allowing community 
members doing mapping to easily move be-
tween projects. To help users understand what 
they must do, each project has written, interac-
tive, and video tutorials.

Investigator projects – Ice Investigator (which 
ran Q1 2012) and Planet Investigator (launch-
ing August 2013) – study objects moving 
through the sky. Ice Investigator, specifically 
had project participants looking for aster-
oids and Kuiper Belt Objects in the residuals 
of subtracted image pairs from a variety of 
ground-based telescopes. Planet Investigators 
will ask participants to study time series im-
ages from the Hubble Space Telescope to look 
for moving objects, to identify storms on outer 
planets and their moons, and to aid in cosmic 
ray rejection, fine-tuning of astrometric solu-
tions, and determining limiting magnitudes of 
images. These projects have an interface very 
similar to a mappers project, and similar sets 
of tutorials.

All CosmoQuest citizen science projects have 
their own discussion boards on the Cosmo-
Quest forums and are led by teams of scientists 
eager to publish the citizen scientists’ results.

2.2 Hangouts-on-Air

In late 2011, Google launched their Hangouts 
software, which allowed groups of up to 10 
computers to join into a videoconference for 
free. Shortly after, select users – including 
CosmoQuest – were invited to use Hangouts 
on Air – a version of the Hangouts software 
that uses YouTube Live to stream the Hangout 
to an unlimited audience.  

 

Figure 1. A Mapper Project Interface
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Figure 2. A Google Hangout-on-Air facilitated Virtual Star Party

CosmoQuest quickly adopted this software for 
presenting facilitated science presentations and 
star parties to live audiences around the globe. 
A science communicator hosts every Hangout, 
and makes sure that all guests communicate 
in a way that is understandable to the public. 
As needed, the facilitator asks clarifying ques-
tions or provides on the fly explanations for 
topics being discussed. Weekly, 1-hour pro-
grams include: Learning Space, a program on 
astronomy education research and programs; 
The Weekly Space Hangout, which covers the 
weeks best news and science articles; Astrono-
my Cast, which covers a single topic in-depth; 
and the Virtual Star Party, which invites par-
ticipants to view through-the-eyepiece (with 
a webcam) views through telescopes. There 
are additional events on a less regular basis, 
including NASA Science Updates related to 
lunar science (co-produced with MyMoon and 
the Dawn Mission), the Astronomers Without 
Borders (AWB) AstroArt series (a co-produc-
tion with AWB), and special event coverage 
(such as for the Mars Curiosity Landing). 

During live Hangouts-on-Air, viewers can in-
teract with the hosts and guests via text com-
ments (on YouTube, G+, and Twitter via a 
hashtag). This allows community members to 
ask questions and provide input in the moment, 
just as can be experienced during classic, face-
to-face seminars. During star parties, viewers 
are invited to suggest objects and ask astrono-
my questions to the professional astronomers.

Statistics on viewership are complicated by 
three factors: During a live show, you only 
have access to how many viewers are watch-
ing at any moment, not how many unique total 
viewers there are or for how long they stay. 
The statistics on live viewership disappear 
after the live show is over. Videos may (and 
generally do!) appear on both the CosmoQuest 
related YouTube channel as well as the You-
Tube channel of whomever hosts the Hangout 
on Air. The latter problem is related to Google 
always placing videos in the YouTube account 
of the Hangout Host for privacy reasons. Tak-
ing all these issues into account, we estimate 
more than 250,000 video views since January 
2011. Top events had more than 8000 simulta-
neous viewers (e.g. Mars Curiosity Landing), 
and typical events (e.g. Learning Space) have 
30-100 live viewers, depending on who the 
guest may be.

All Hangouts-on-Air are archived at http://
youtube.com/AstrosphereVids

2.3 Communications and Collaboration

Science is not generally done in isolation. In 
order to assure that our community members 
can readily communicate and collaborate with 
one another and with team members (includ-
ing scientists, educators, and facility program-
mers) we have established a forum, blogs, and 
social media accounts. The forum typically has 
600 visitors at any time who collectively write 
150 – 250 posts a day. As of 20 July 2013, 
CosmoQuest had the following social media 
followings: Twitter, 1868 (for main account); 
Facebook, 1546; and G+, 37935. The large 
bias toward G+ reflects where CosmoQuest 
has placed its social media effort. In addition 
to these forms of multi-directional interaction, 
CosmoQuest also uses blogs to push content, 
with the primary blog being read by roughly 
500 people every day.
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2.4 Classes

In order to facilitate systematic, topical learn-
ing, CosmoQuest also offers continuing edu-
cation classes designed for adult learners. 
These classes are restricted to 8 students, and 
utilize active learning methods. Courses have 
a fee (used to pay the instructor and organiz-
er), but are not for university credit (although 
teachers receive continuing education hours). 
All classes are listed at http://cosmoquest.org/
Classes To date, all students have successfully 
passed the classes, completing homework as-
signments and course projects. 

2.5 Planetarium Content

Working in collaboration with the Ward-
Beecher Planetarium, CosmoQuest is hosting 
both planetarium shows and planetarium im-
agery that is available for use under a Creative 
Commons attribution, share-alike, non-com-
mercial license. This allows planetariums to 
show and even remix all content for their own 
use. Current collections include the “Cosmic 
Castaways” planetarium show (also available 
for flat screens), and a collection of images 
and videos of Mauna Kea Observatory. These 
programs may be found online at http://cosmo-
quest.org/blog/scienceonthehalfsphere

3. Community Member Survey

During the spring of 2013, the CosmoQuest 
Citizen Science Facility asked its participants 
to take a voluntary survey addressing their 
motivations, demographics, and engagement 
in astronomy. This trial survey was run to de-
termine if CosmoQuest’s novel environment 
attracted community members with the same 
or different motivations than had been seen in 
prior research conducted by the Zooniverse. 
Users were asked to participate in this survey 
through a newsletter, social media, and an alert 
window that appeared on every page of Cos-
moQuest. In exchange for taking this survey, 

users received access to a behind-the-scenes 
video about the CosmoQuest build team’s fa-
cility. 

In total 334 people responded to this survey. 
In the following sections we study their demo-
graphics, site usage, engagement in astronomy, 
and motivations.

3.1 Demographics

A brief overview of our 334 survey partici-
pants shows a population that is predominately 
male, middle-aged, and college education. 
When compared to US Census statistics from 
2010, we have 48% in the age range 45-64, 
whereas this group only makes up 30% of 
the adult population of the US. Meanwhile, 
58% of our respondents have attained at least 
a bachelor’s degree, compared to 28% of the 
adult population of the US. 

Almost half of the individuals in our survey 
population have a job in a STEM-related field, 
and three quarters of the population had some 
formal training in science beyond secondary 
school. This is clearly an already much more 
scientifically literate population than the popu-
lation at. 

3.2 Site Usage

We asked survey participants to report on their 
usage of the CosmoQuest site. A major goal of 
the project is to foster sustained citizen science 
and community activity. Although 42% of 
the participants responded that this was their 
first time on the site, the next largest group, at 
22%, had been a part of CosmoQuest for over 
a year. CosmoQuest launched in 2012, so this 
indicates that there is a dedicated core of users 
from nearly the beginning.  This self-reported 
data is consistent with site statistics, which 
show roughly 30% of those who do citizen sci-
ence do so more than once. 

Of those survey participants that reported 
trying at least one citizen science project, al-
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most half of those tried more than one. (Op-
tions: Moon, Vesta, Mercury, and Kuiper Belt 
Objects. The first three of those use the same 
mapping tools.) The most popular parts of the 
site beyond the citizen science projects are 
the Forums and the Hangouts on Air. This is 
consistent with our website and social media 
analytics. 

3.3 Motivations

At the heart of this survey is the desire to find 
out the motivations behind participation in 
citizen science. The choices given are based 
on interviews from [1] and [2]. The two most 
cited primary motivations were interest in as-
tronomy/space science (28%), and contribut-
ing to original scientific research (29%). While 
these motivations were also the most listed in 
prior Zooniverse studies, the importance of 
contributing to research was much higher for 
that project (near 40% in the 2 studies cited), 
and the importance of astronomy/space science 
was less (between 10 and 15%). Further, learn-
ing and teaching were negligible motivations 
for Zooniverse users, while we found 10% of 
all users (5% per motivation) were motivated 
by these two factors. The only other motiva-
tion to receive more than 5% of the responses 
was the motivation to study science in general 
(9% of CosmoQuest responses), which is a re-
sult comparable to Zooniverse.

3.4 Engagement in Astronomy

We feel that to be successful, CosmoQuest 
must not only get people to click through our 
site, but rather we must also change how they 
engage in astronomy and seek astronomy con-
tent. Following on prior work by Astronomy 
Cast [3] we asked users to self-assess their en-
gagement with astronomy prior to participat-
ing in CosmoQuest and after. Currently, the 
majority of the people coming to CosmoQuest 
(89%) already actively seek astronomy content 
or are amateur/professional astronomers. Of 
the 12% of people who either only passively 

read astronomy content, or who didn’t engage 
in astronomy content at all prior to coming to 
CosmoQuest, 4% became actively engaged in 
astronomy. This indicates that while Cosmo-
Quest can inspire people to actively seek as-
tronomy content, it needs to do more to recruit 
people with only a passive interest in astron-
omy.

3.5 The Nature of Science

We also asked about people’s understanding of 
the Nature of Science. This is a fundamental 
question, as we are asking citizen scientists to 
actually participate in the scientific process. 
Options for this question were taken from Ai-
kenhead & Ryan’s (1992) instrument for study-
ing views on science, technology, and society. 
A third of the respondents defined science pri-
marily as “a body of knowledge,” and another 
third as “exploring the unknown.” Although 
there is no one “right” answer to this question, 
we hope to show science as a process, one that 
is accessible to many people, not just those in 
academia. In future research, we will compare 
participant views on the nature of science with 
their level of engagement in the scientific pro-
cess through citizen science.

4. Scientific Success

It is beyond the scope of this paper to provide 
a full overview of the statistics demonstrating 
the scientific success of this project, however 
we will provide highlights. In Ice Investiga-
tors, users recovered the same Kuiper Belt 
Objects discovered by professionals viewing 
the same images. For the Mappers projects, 
we refer you to Antonenko et al. [5] and Rob-
bins et al [6], with the following summary: It 
was found that the aggregate results (averaged 
position and size of crater markings) of 15 in-
dividuals viewing an image was comparable 
to the aggregate results of 8 professional cra-
ter markers using the software of their choice. 
A comparison of this scope has not yet been 
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completed for Asteroid Mappers: Vesta, how-
ever an initial validity check found that the 
CosmoQuest community members found all 
the same craters as a professional scientist, 
and the centers and sizes were all within error 
of the professional markings. Planet Mappers: 
Mercury is too new for a complete analysis, 
however initial data seems accurate.

5. Conclusions

CosmoQuest has successfully created a virtual 
research facility that engages members of the 
public who are motivated by both science con-
tent/research and education through teaching 
and learning. These individuals are capable of 
accurately contributing to research. We find 
from this survey of 334 CosmoQuest users that 
we are engaging a population with a largely 
pre-existing interest in science and astronomy. 
We also find that users are exploring multiple 
projects and multiple parts of the site.

There is more work to be done with this data-
set in correlating motivations with educational 
factors and site behaviors.  We also need to do 
more work to study how much learning is tak-
ing place beyond the limited number of classes 
that are taking place. This abstract represents 
a successful beginning to a long-term experi-
ment in engaging the public in science.
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1. Introduction

Since 2008 the LHC[1], the world’s largest and 
most powerful particle accelerator ever built 
has been searching for answers to fundamental 
questions of physics. It was built at CERN[2] 
over the course of ten years by a collaboration 
consisting of more than 10.000 scientists and 
engineers from more than 100 countries. It has 
been called “The experiment of the century” 
but several large experiments take place in its 
underground tunnel. The larger one is the huge 
ATLAS[3] experiment/detector, taking data 
from hadron-hadron collisions since the end of 
2009.

ATLAS is a precision instrument the size of a 
seven storey building and perhaps the largest 
collaborative effort ever attempted in the phys-
ical sciences. Its members are 3,000 physicists 
from 176 institutes all over the world. ATLAS 
detects billions of collisions every day and a 
small fraction of those is recorded for later 
study. The registered products of the collisions 
are called “events” and are the data used by 
HYPATIA[4] (HYbrid Pupil’s Analysis Tool 
for Interactions in ATLAS) in various scien-
tific and educational scenarios.

It is widely known that high school students 
have very little knowledge about particle phys-
ics and modern physics in general. Most of the 

school curriculum is focused on basic phys-
ics concepts which have been known for cen-
turies. There is very little information about 
the current state and direction of physics and 
state-of-the-art research. Nuclear and particle 
physics is very rarely mentioned in class. This 
leaves students with a very stale and antiquat-
ed perception of physics and fails to ignite 
their interest in the subject. HYPATIA is a tool 
that can be used to bridge this gap by involving 
the students in something which is happening 
right now: the analysis of the ATLAS data. In 
addition, HYPATIA should be considered to 
be a tool for the various inquiry based science 
teaching models.

2. The HYPATIA/applet

HYPATIA offers a graphical representation 
of ATLAS event data. The students can play 
with the events and in this way study the fun-
damental building blocks of nature and their 
interactions and at the same time learn how the 
gigantic state-of-the-art detectors work. This 
gives students a realistic and exciting look at 
the research being done at CERN and stimu-
lates an enthusiastic interest in it and at pos-
sible scientific careers. The applet version of 
HYPATIA[5] is also very flexible in the sense 
that the educators can choose the level of dif-
ficulty they want to attain and at the same time 
adopt it for their own application according to 

HY.P.A.T.I.A. – An Online Tool for 
ATLAS Event Visualization

Stelios Vourakis and Christine Kourkoumelis 
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the students’ background. It has been tested 
through the “Discover the COSMOS”[6] EU-
funded educational/coordination project in 
several schools and by teachers from different 
countries. An advanced version of it is used at 
the University level and more specifically for 
the fourth year undergraduate laboratories by 
students of the University of Athens and also 
at the International Physics Masterclasses[7].

 

Figure 1. HYPATIA applet – full version

HYPATIA runs on almost any operating sys-
tem and web browser as long as it supports 
java[8]. It requires very few resources and can 
be used freely from the University of Athens 
(UoA) website. 

Figure 2. HYPATIA applet – first level

The applet is quite simple and intuitive to use 
for the purpose of this exercise, but still basic 
computer skills are required. Fig. 1 shows the 
overall view of the full version of the HYPA-
TIA/applet.

The HYPATIA/applet supports four differ-
ent versions aimed at various levels of users. 
The first level (Fig. 2) consists mainly of the 
two canvas views which display cross sections 
of the ATLAS detector (one transverse to the 
LHC beams and one along the beams). The 
user can browse through different events and 
observe the number of tracks per event and 
their distribution in each view. This is a good 
starting point for entry level users who only 
want to get an idea of what the ATLAS detec-
tor looks like, what do collisions of particles at 
the unprecedented energies produce and how 
their products (“tracks”) are detected.

Figure 3. HYPATIA applet – second level

The second level of the applet (Fig. 3) adds 
the information about the track momenta and 
their directions in a tabular way. Here, the user 
is challenged to identify the different kinds 
of lepton tracks. The muons should reach the 
outer detectors, the muon chambers (the blue 
chambers) in at least one of the views and the 
electrons should stop in the electromagnetic 
calorimeters (green ring) depositing consider-
able energy there (yellow marks) in at least one 
of the views. The user can study the properties 
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(energy/momentum, direction and charge) of 
each track and see how the different kinds of 
particles behave in each layer of the detector.

Figure 4. HYPATIA applet – third level

The third level of the HYPATIA/applet (Fig. 4) 
gives the user the possibility to combine tracks 
in order to search for invisible short-lived par-
ticles which decay into several tracks. In order 
to do that, the program calculates the invari-
ant mass of the tracks chosen by the user and 
inserts its value in a table. When two or more 
particle tracks-traces in one “event”, originate 
from the same point, which we call “vertex”, 
they may belong to one original particle which 
decayed into these tracks. In order to check 
this hypothesis the user has to calculate the 
“invariant mass” of the original particle and 
investigate if these decay products came from 
the same particle Examples of short lived par-
ticles are the  carriers of the weak force the Z0 
and W bosons as well as the Higgs bosons. As 
an example, the Z0 bosons can decay to two 
muons or two electrons, and the calculated in-
variant of the combination should be approxi-
mately 91.2 GeV, in order to be considered a 
Z0 boson decay. This can be checked by plot-
ting the relevant histogram of the invariant 

masses which is available in the full version of 
HYPATIA/applet.

For that purpose, the user has to find two mu-
ons or two electrons and use the “Insert elec-
tron” or “Insert muon” button twice to insert 
them into the invariant mass table. The result-
ing invariant mass value appears under col-
umn mll. If the invariant mass is made from a 
two-electron combination, an “e” is marked in 
the last column, otherwise if it is made from a 
two-muon combination, a “μ” is marked in the 
last column. Note that the decay to one muon 
and one electron combinations are not permit-
ted because they violate lepton number con-
servation. One can also delete tracks with the 
“Delete track” button and replace them with 
others.

The full version of the applet (Fig. 1) gives 
access to the plotting of various histograms 
which are generated automatically from the 
tracks that the user adds to the invariant mass 
table. This is the version which is used in the 
mini masterclasses.

The mini masterclasses are events held at vari-
ous schools and other institutes by the Uni-
versity of Athens/IASA and Ellinogermaniki 
Agogi. Their goal is to show the students how 
a real researcher works and help them un-
derstand the goals and challenges of modern 
particle physics. The format of the mini mas-
terclasses is similar to that of the International 
Physics Masterclasses. First the students learn 
the basics about particle physics, the standard 
model and the work being done at CERN and 
ATLAS, by attending one or two lectures given 
by the experts. Most of the times the students 
attend a “virtual visit” to the ATLAS experi-
ment where the scientists at the counting room 
of the experiment give the students a tour and 
answer questions posed by the students via vid-
eoconference. Following the virtual visit, the 
students (or a selected smaller group) are giv-
en instructions on how to analyze event data to 
look for Z and Higgs bosons using HYPATIA. 
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The events that the students use in their analy-
sis are real data from the ATLAS experiment. 
In the end, the students present their findings 
and compare them to those of their classmates 
and the expected results from the literature. 

3. Activities

HYPATIA has been part of the International 
Physics Masterclasses since 2008. In 2013 
alone 58 institutes from 37 countries chose 
the Z-path and used HYPATIA in their activi-
ties with visiting school students. In addition, 
IASA in cooperation with the Ellinogermaniki 
Agogi School organized 23 events (mini mas-
terclasses) during 2012 and 2013 in cities all 
over Greece, but also in other European coun-
tries. Through those events more than 230 
teachers and 600 students used HYPATIA and 
learned about particle physics and the funda-
mental building blocks of nature. They also 
learned about the fundamentals of particle de-
tector operation and studied the way particles 
interact with them and leave a characteristic 
signature according to their different types.

The students were shown what a real research-
er does, and how new particles are discovered. 
This gave them a realistic and exciting look at 
the research being done at CERN and stimulat-
ed an enthusiastic interest in it. It also inspired 
teachers to talk to their students about particle 
physics and showed them a way to integrate it 
into their class at a level that is suitable to their 
students.

They also saw how scientific inquiry works in 
real life. This has the objective of igniting the 
student’s interest in particle physics, and phys-
ics in general. Our aim is to drive the students 
to learn more on their own and investigate fur-
ther and even pursue a career in physics.
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Abstract

The Internet Educational Solar Radio Tele-
scope, developed within the Hands on Universe 
Europe project, was designed to be used for 
interactive radio astronomy lessons via inter-
net. The system receives the radio waves that 
come from the Sun’s chromosphere, of around 
3 cm wavelength, and has been conceived to 
use mainly off the shelf components, thus being 
easily reproducible. The use of an embedded 
microcontroller based server installed close to 
the rotator and antenna avoids the need for a 
control room, a PC server and long cable runs, 
and thus enables easy setup at the hosting in-
stitutions. 

Keywords

Solar radio telescope, remote experiment, em-
bedded server, antenna rotator.

1. Introduction

The idea of using regular satellite television 
components for educational radio astronomy 
experiments has been exploited by many dedi-
cated teachers and amateur radio astronomers 
around the world for many years now. Very 
simple systems that can offer a rough estimate 
of the temperature of the Sun can be cheaply 

and easily assembled, building instructions be-
ing available from many online sources [1, 2]. 
With a little more effort, by adding a data ac-
quisition system and supplementary shielding, 
the precision can be significantly improved 
[3]. These simple systems are very well suited 
for portable outdoor sessions, provided that the 
weather conditions are good. There are several 
initiatives that have gone further by adding an 
antenna rotator, which provides remote con-
trol of the system, allowing use regardless of 
weather conditions. The ESA-Dresden [1,4] 
and RAMEAU [5] use amateur radio azimuth-
elevation rotators of the Yaesu G-5500 type, 
but this is poor in positioning precision and is 
rather slack, and thus is not very well suited 
for the purpose. A cheaper and more precise 
rotator using off the shelf satellite television 
DiSEqC  (Digital Satellite Equipment Con-
trol) motors has been proposed in [6] for the 
MIT Haystack VSRT (Very Small Radio Tele-
scope). Furthermore, in 2007 Imai Laborato-
ry of Kochi National College of Technology 
in Japan announced the internet Solar Radio 
Observatory (ISRO, http://sun.kochi-ct.jp/), 
which is a system that can be controlled in real 
time over the internet [7]. For position control 
of the antenna, this system also makes use of 
the Yaesu G-5500 amateur radio antenna rota-
tor. Due to the time zone difference, the ISRO 
in Japan is only of limited use for schools in 
other parts of the Earth at reasonable times for 
classes.

EU-HOU Internet Educational Solar 
Radio Telescope

Cezar Eduard Lesanu
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The idea of an affordable distributed network 
of internet controlled solar radio telescopes 
has been proposed with the goal of providing 
full time access for schools regardless of their 
geographic region. The prototype Internet Ed-
ucational Solar Radio Telescope (IESRT) pre-
sented here incorporates several ideas which 
are intended to allow for easy reproduction 
and installation.

2. System description

The system receives the radio waves (~ 3 cm 
wavelength) that come from the bottom of the 
Transition Layer (just above the Sun’s chro-
mosphere, which is located between the photo-
sphere and coronal halo). At this wavelength, 
the Sun temperature is around 7-10.000K.

IESRT has been designed to use mainly off-
the-shelf hardware (available on the market 
today and modified accordingly), in order to 
ensure lower cost, and to ensure easy setup at 
the hosting institutions. 

The main functional blocks of the system are 
the embedded control server, the azimuth-ele-
vation antenna rotator, the radio receiver, and 
the power supply.

For visual feedback of the antenna motion, in-
ternet video streaming is required. In order to 
keep the flexibility of the system and maintain 
compatibility with most internet browsers, the 
choice of the model and type of the video cam-
era is left to the host institution.

Figure 1. Block diagram

2.1 The embedded control server

Usually remote internet experiments today 
make use of regular desktop or laptop com-
puters that are readily available, in which case 
an indoor space (a classroom or laboratory) is 
needed for the setup.  This is a natural choice 
in a case in which the experiment is located 
close to an indoors area. But if the experiment 
is located outdoors in a specific position de-
manded by the experiment itself, as is the case 
for the IESRT, then the routing of multiple 
signal cables can be difficult or even impos-
sible. For these reasons the use of an embed-
ded server installed close to the rotator and 
antenna was chosen, so that only mains power 
and an internet connection (which can be via 
wireless) are required. This avoids the require-
ment for a control room, a PC server, and long 
cable runs, and makes the installation much 
less frightening.

The embedded server has been built around 
the Microchip PIC18F67 microcontroller. It 
provides rotator control and position reading, 
analog to digital conversion of the incoming 
signal from the radio receiver, internet com-
munications and hosting of the control web-
page.

The server receives position commands from 
the user (azimuth and elevation in degrees) 
and returns voltage values in the embedded 
webpage. The design of the webpage has been 
kept as simple as possible, showing the actual 
position of the antenna (degrees) and the re-
turned voltage. 

Figure 2. Graphical user interface
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The user can orient the antenna manually us-
ing left/right and up/down arrows, or can input 
directly the required AZ-EL position in deci-
mal minutes.

2.2 The antenna rotator

The azimuth-elevation antenna rotator has 
been developed within the project, and com-
prises two modified DiSEqC motors, of the 
AMIKO DM-3800 type. This type of motor 
has metallic gears and zero-backlash design, 
and an angular range of ±80°. Two such mo-
tors were assembled together with the shafts 
orthogonal, in order to provide both azimuth 
and elevation movement.

 Figure 3. Antenna rotator

Only the mechanical assembly and the mo-
tor/position transducer assembly were kept, 
the control electronics being replaced by a 
one wire serial controller built around the Mi-
crochip PIC18F1230 microcontroller. This 
modification ensures good positioning speed 
at lower supply voltages and has been made 
in consideration of the option of supplying the 
IESRT independently at 12V from solar panels 
and a sealed lead-acid buffer battery.

2.3 The radio receiver

The radio receiver consists of an ARCON 
Sweety Cassegrain dish (43cm diameter) fit-

ted with a universal LNB (Low Noise Block) 
for the Ku band, and this is a component that 
is currently used for geostationary TV satellite 
reception. When supplied at 12 V, the frequen-
cy band covered is 10.7-11.7 GHz. 

The microwave signal (950 - 1950 MHz) from 
the LNB is carried to the logarithmic detec-
tor by a coaxial cable which also provides the 
DC power supply for the LNB. The detector 
returns a DC voltage proportional to the signal 
strength of the source (i.e., here, the Sun). 

Figure 4. The IESRT prototype

The most common type of small satellite an-
tenna dish found on the market today is the 
offset (off-axis feed) type. In order to mini-
mize the thermal effect of solar reflection upon 
the focal point over the LNB (increased noise 
level, damage to the components) a Cassegrain 
type antenna was chosen (the same antenna 
type used for ALMA). 

In a Cassegrain antenna design, a secondary 
convex reflector is placed at the focal point of 
the paraboloid reflector, and this focuses the 
incoming radio waves onto the LNB, which is 
placed behind the main dish and is thus pro-
tected from direct sunlight. For the same rea-
son the color of the reflector was chosen as an-
thracite black in order to minimize reflection 
of visible and infrared light to the focal point.

The ARCON Sweety model chosen has 33dB 
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gain and 2.5° HPBW (Half Power Beam 
Width). 

3. Exercise

The lessons associated with this online experi-
ment may cover introductory radio astronomy 
notions such as electromagnetic spectrum, so-
lar radio emissions, astronomical coordinate 
systems, radio telescopes, antenna types and 
radiation patterns.

During the online exercise, the students must 
answer several questions in order to arrive at 
the result.

3.1 Where is the IESRT located?

 The geographical position of the IESRT must 
be obtained from a map posted in Google 
Maps by the host institution. This is a good op-
portunity to introduce and discuss geographic 
coordinates and conversions between them.

A coordinate can have one of three basic 
forms: Sexagesimal - consisting of degrees (an 
integer), minutes (an integer), and seconds (an 
integer or decimal number); Decimal Minutes 
and Seconds (DMS) - consisting of degrees 
(an integer) and minutes (a decimal number) 
(MinDec); or Decimal Degrees - consisting 
only of degrees (a decimal number) (DegDec).

3.2 Where is the Sun?

Using an online Sun position calculator (e.g. 
JavaScript Sun Calculator [8]), the azimuth 
and elevation of the Sun is obtained, for the 
IESRT geographical position found at the pre-
vious step. The JavaScript calculator returns 
the position of the Sun in decimal degrees.

The IESRT is set to zero toward South, accord-
ingly the IESRT azimuth = Sun azimuth - 180°. 
The result must be converted from decimal de-
grees (D.ddd) to degrees and decimal minutes 
(D.MMmm). Negative/positive values for ele-
vation correspond to orientations of the IESRT 

respectively below and above the horizon. 

These values for azimuth and elevation are 
used for pointing the IESRT to the Sun. The 
returned voltage is recorded. Similarly, the 
corresponding power values for the ground 
and sky are obtained by pointing the dish to 
the surroundings and to the clear sky.

3.3 What is the Half Power Beam Width?

Dish antennas have high gain compared with 
an isotropic radiator (dBi) or with a dipole 
(dBd), i.e. the energy reception is concentrated 
in a particular direction. 

One parameter which describes the directiv-
ity of an antenna is the half power beam width 
HPBW, which is defined as the solid angle in 
which half of the received power is concen-
trated. This corresponds to 3dB decrease (0.5 
in power or 0.707 in voltage).

When pointed to the ground the entire antenna 
HPBW is “filled” with radiation.

Since the Sun has a smaller angular diameter 
(0.5°) only a small area of the antenna HPBW 
will be illuminated by the Sun, the returned 
voltage corresponding to one point of the 
Sun’s temperature. In order to obtain the real 
value of the Sun’s temperature, the area ratio 
of illumination must be taken into account.

We know the angular diameter of the Sun and 
the antenna HPBW (given in the technical 
specifications).
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Figure 5. Antenna Half Power Beamwidth

3.4 What is the one point of the Sun’s tem-
perature? 

Between the one point of the Sun’s tempera-
ture, ground temperature and the correspond-
ing returned voltage for the Sun, ground and 
sky, the following relation applies:

The one point of the Sun’s temperature will be:

3.5 What is the temperature of the entire 
Sun?

The temperature of the entire Sun is related 
to the area ratio (between the antenna HPBW 
area and area of the Sun), as following:

where:

The area ratio will be:

For the ARCON Sweety Cassegrain antenna 
the area ratio is:

The temperature of the entire Sun:

The calculated (estimated) temperature of the 
Sun at 3 cm wavelength should be between 
7000 – 10000 K.

[K] (3)

(8)

(1)

(9)

(4)

(7)

(5)

(6)

[K].(2)
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4. Conclusions

This online solar radio telescope provides an 
easy way for teachers to approach the field of 
radio astronomy in their classes by doing hand-
on experiments, and this is a time at which the 
basic notions can be introduced to the stu-
dents, thus allowing them further to perform 
more complex tasks in this field. In order that 
such an approach can be really effective by 
providing full time access during class hours 
all around the world, a distributed network of 
such internet controlled solar radio telescopes 
is needed. Further improvements of the system 
are considered for better sky coverage, more 
flexibility by adding wireless connection to the 
internet, and solar energy power supply.
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Abstract

The Extreme Energy Events (EEE) project, a 
cosmic ray physics experiment, is at the same 
time an excellent outreach project.  Its scien-
tific goal is the study of extended air showers 
from high energy cosmic rays and extreme en-
ergy events by detecting the muon component 
of the shower. To this aim, a network of muon 
telescopes has been installed in high schools 

distributed all over Italy; each telescope con-
sists of three planes of Multigap Resistive 
Plate Chambers which allow the reconstruc-
tion of the muon direction. The search for ex-
tended air showers is based on the search for 
coincidences between telescopes.  The project 
was conceived by Prof. A. Zichichi in order to 
interest high school students in science and 
give them a hands-on experience of scientific 
research. 
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1. Introduction

The Extreme Energy Events (EEE) project, a 
cosmic ray physics experiment, is at the same 
time an excellent outreach project.  Its scien-
tific goal is the study of extended air showers 
from high energy cosmic rays and extreme en-
ergy events by detecting the muon component 
of the shower. To this aim, a network of muon 
telescopes has been installed in high schools 
distributed all over Italy. The search for ex-
tended air showers is based on the search for 
coincidences between telescopes.

The project was conceived by Prof. A. Zichi-
chi in order to interest high school students in 
science and give them a hands-on experience 
of scientific research. The students construct 
the muon chambers themselves; they are then 
involved in all stages of the project: installa-
tion and commissioning of the telescopes, da-
ta-taking and analysis. 

The EEE project is financed by the Italian 
Ministry for Education, Universities and Re-
search (MUIR), the National Institute for Nu-
clear Physics (INFN) and the “Centro Studi e 
Ricerche e Museo Storico della Fisica Enrico 
Fermi”; CERN is also a partner in the project.

2. The detector

The design of the muon telescopes and the 
choice of the detector were based on a num-
ber of requirements: large area coverage, to 
increase the probability of detecting some of 
the many thousands of particles produced by 
cosmic rays with energies > 1018 eV and ex-
tending over some km2; pointing capability, to 
reconstruct the direction of incoming muons; 

ease of construction; robustness  and reliabil-
ity.

Each telescope consists of three planes of 
detectors; these are large area (80x160 cm2) 
Multigap Resistive Plate Chambers (MRPCs): 
gaseous detectors of the parallel plate type, 
each consisting of a stack of glass plates en-
closing a total of 6 300-micron gas gaps.  The 
distance between the glass plates is kept fixed 
be means of nylon fishing line spacers in a zig-
zag layout.  The outer surfaces of the exter-
nal plates are painted with a conductive paint, 
which allows to apply the high voltage needed 
for the chamber operation; the internal plates 
are electrically floating.  A cross section of the 
EEE MRPC is shown in Fig.1.  These cham-
bers are similar to the MRPCs of the Time Of 
Flight (TOF) detector of the ALICE heavy-ion 
experiment at LHC, used for particle identifi-
cation [1].

Charged particles going through the MRPCs 
ionise the gas; the electrons are multiplied due 
to the high electric field and the subsequent 
avalanches created inside the gas volume in-
duce electric signals on pickup strips.  The 
glass plates separating the gas volumes stop 
the avalanche development; however, as they 
are transparent to the induced signal, the total 
signal is the sum of signals due to all avalanch-
es in all gas gaps.  This ensures high efficiency 
combined with excellent time resolution.

Figure 1. Cross section of the EEE MRPC.

24 pickup strips are used for the signal read-
out; they are made of 2.5 cm wide adhesive 
copper tape glued on a vetronite sheet; the dis-
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tance between strips is 7 mm.  Two planes of 
readout strips are used (anode and cathode); 
thus a differential signal is sent to the readout 
electronics.

Figure 2. The two readout planes made of copper strips glued on 
vetronite.

Each MRPC is placed in a gas-tight box with 
dimensions 200x100x5 cm3.

3. Electronics, readout, data 
acquisition

The NINO chip, a low-power, 8-channel ul-
trafast amplifier and discriminator, developed 
for the ALICE TOF, is used for the front-end 
electronics [2,3].  The input is a differential 
signal and the output is an LVDS signal.  The 
leading edge of the signal gives the time mea-
surement whereas the trailing edge is used to 
calculate the time width, proportional to the 
input charge and used for slewing corrections.  
The front-end cards, each containing 3 NINO 
chips, match the 24 readout strips of the read-
out planes.

For each MRPC two such cards read out the 
signals at the two ends of the strips.  From 
the time difference measured, the hit position 
along the strip can be calculated.  Each card 
also privides the OR of the 24 inputs.

The trigger is a six-fold coincidence of the OR 
signals from the two sides of the 3 chambers of 

each muon telescope.

The readout of the LVDS signals is done by 
Time to Digital Converters (TDCs), giving the 
time of the hits on the MRPC strips.  Each EEE 
station is equipped with a VME crate contain-
ing two CAEN TDCs: V1190A (128 channels) 
and V1190B (64 channels).  These are based 
on the High Performance TDC (HPTDC) de-
veloped by the CERN microelectronics group 
[4].   The trigger card, either a home-made card 
(developed by CERN and Catania) or a vari-
ant of the ALICE LTU, also sits in the VME 
crate; a Global Positioning System (GPS) card 
is also part of the readout system; this provides 
the absolute time stamp needed to look for 
coincidences between muon telescopes in dif-
ferent locations.  The communication between 
the VME crate and the PC used for data ac-
quisition is ensured by a CAEN V1718 USB 
bridge.

A LabView programme is used for the data ac-
quisition running on a Windows PC.  This pro-
gramme also provides monitoring of the data 
and online histograms.

4. The construction of the MRPCs

The MRPCs for the muon telescopes are 
constructed at CERN by students of the high 
schools participating in the project.  Groups of 
5-10 persons, consisting of pupils and teach-
ers and accompanied by INFN or University 
researchers, from the same town or a neigh-
bouring one, typically spend a week at CERN.   
There, under the guidance of CERN and INFN 
physicists, they assemble the chambers and do 
preliminary tests.
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Figure 3. Stretching the fishing-line spacer in a zig-zag pattern.

Details of the chamber construction procedure 
are given in ref. [5]. Fig. 3 and 4 show some 
of the steps (stretching the fishing-line spacers 
and lifting a glass plate).

Figure 4. Using a vacuum system, a glass plate is lifted in order to be 
placed on top of the previous one.

For the students taking part in the chamber 
construction at CERN this has been a valuable 
experience from all points of view. They con-
struct a detector from scratch, with their own 
hands, and they see it working.  Often, it is the 
first time that they use a drilling machine or 
a soldering iron.  They learn how to work in 
a team; they get hands-on experience of how 
research is done; profiting from their stay at 
CERN they visit some experimental installa-
tions.  At the end of the chamber construction 
they do the first tests of the chambers: by flow-
ing gas through the chambers they check the 

gas tightness and repair leaks; they then apply 
slowly high voltage, monitoring the dark cur-
rent, and measure the efficiency plateau. 

5. Chamber performance

The MRPCs are operated in avalanche mode 
with a gas mixture consisting of 98% Freon 
C2F4H2 and 2% SF6.  For a voltage differ-
ence between anode and cathode in the 18 kV 
range, efficiency better than 95% and time res-
olution of the order of 100 ps have been mea-
sured.  The result is position resolution of ~ 1 
cm along the pickup strip; thus the muon direc-
tion is reconstructed with an angular resolution 
of 0.3o(rms).  Details of the chamber perfor-
mance, studied with cosmic rays and with a 
test beam at the CERN East Hall, are given in 
ref. [6] and [7].

6. Installation and operation of the 
muon telescopes

After their construction and first tests at CERN, 
the MRPCs are transported to Italy and dis-
tributed to the corresponding schools.   Each 
school is equipped with a mechanical support 
structure, which allows the distance between 
the planes of the muon telescope to be varied 
between 50 cm and 100 cm.  An EEE telescope 
is shown in Fig. 5.

Figure 5. A muon telescope on its support frame.
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The schools are equipped with a gas mixing 
system (Bronkhorst) and a special cabinet to 
contain the Freon and SF6 bottles; also with 
the front end, readout and trigger electronics 
described in section 3.  For the high voltage 
needed for the operation of the MRPCs, DC-
DC converters are used, since for security 
reasons the use of high voltage cables in the 
schools is not allowed.

The installation and commissioning of the 
telescopes is done by the INFN or Universi-
ty researchers responsible for each school, in 
collaboration with the pupils and teachers in-
volved in the project.  In this way the pupils 
are exposed to all aspects of a physics experi-
ment.  During the commissioning phase the 
performance of the chambers is thoroughly 
studied.  Then, during routine data-taking with 
cosmics, which happens on a 24-hour basis, 
the students have the responsibility of doing 
daily checks, monitoring the data quality and 
keeping the system running smoothly.  Often 
they are also involved in the data analysis, run-
ning the reconstruction software provided by 
the EEE collaboration.

An event display has also been developed 
based on java.  Fig. 6 shows the first event re-
corded by the Liceo “A. Scacchi” in Bari.

Figure 6. Display of the first event recorded by the telescope of Liceo 
“A.Scacchi” in Bari.

7. Status of the project

More than 120 MRPCs have been constructed 
up to now.  There are 40 telescopes, most of 
them distributed in high schools all over Italy, 
plus two at CERN and two in INFN sections.  
Their geographical distribution is shown in 
Fig.7. 

Figure 7. Map of Italy showing the location of the EEE telescopes; the 
numbers inside the stars correspond to the number of telescopes.

Many more schools are interested in joining 
the project; during the second half of 2013 
another five schools will be sending groups to 
CERN to construct chambers.

In addition to analysing the data locally, each 
EEE station regularly transfers the recorded 
data for storage to the Ettore Majorana Foun-
dation and Centre for Scientific Culture (EM-
FCSC).

The educational potential of the project is be-
ing exploited in many ways.  In the early stages 
of their involvement with the project, the stu-
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dents follow introductory lectures on cosmic 
rays and detectors.  On some occasions they 
visit INFN or University laboratories.  Some 
of them participate in Conferences of Centro 
Fermi or National Symposia of the EEE proj-
ect, where the status of each EEE station is 
presented.  

A number of University students, from the 
groups collaborating with the high schools in-
volved in the project, have done their diploma 
work, master’s or PhD thesis on various as-
pects of the EEE project: development of elec-
tronics or software for remote control of the 
experiment, simulation and data analysis.  For 
example, the Lecce group has developed a de-
vice to supply the high voltage for the MRPCs 
and the low voltage for the front end electron-
ics; this is interfaced with the DAQ PC and 
controlled by means of dedicated software, so 
that the HV/LV system can be monitored re-
motely [8].  

Up to now more than 20 presentations have 
been given in conferences on instrumentation 
and detectors, cosmic ray physics and physics 
education and outreach; in addition to these 
contributions to conference proceedings, a 
number of papers has been published in scien-
tific journals.

8. Coincidence results

The capability of detecting extensive air show-
ers with the EEE stations was proven when the 
first coincidences were observed.  Results from 
such coincidences between two telescopes in 
two high schools in L’Aquila, less than 200 m 
apart, have already been published [7].  Later 
on, coincidences were observed between two 
telescopes in Cagliari, located 520 m apart [8].

Monte Carlo simulations are also on the way, 
using sophisticated programmes (CORSIKA 
and COSMOS) to compute the expected num-
ber of coincidences as a function of the dis-
tance between stations, their altitude and so 

on  [9].  It is obvious that the coincidence rate 
decreases as the distance between telescopes 
increases, thus, from a certain distance on, 
special techniques for effective rejection of the 
background due to accidentals must be put in 
place.
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Abstract

 The Big Bang, antimatter and cosmic par-
ticles - being active in Netzwerk Teilchenwelt 
means being up to date with modern research 
in physics. Netzwerk Teilchenwelt (Network 
Particle World) is a collaboration of 24 Ger-
man research institutes and CERN in Geneva. 
Since 2010, each year 4000 students and 500 
teachers all over Germany have entered an 
optional multi-step program. They start out as 
particle physicists for one day in mobile Mas-
terclasses, facilitated by young scientists in 
schools and other educational institutions. If 
analyzing real CERN data or doing their own 
measurements with cosmic particles sparks 
their interest in basic research, they can qual-
ify for more and more intense research experi-
ences in their region and on site at CERN. In 
the past 3 years, an active network of students 
and teachers, together with more than 100 

young scientific facilitators has emerged from 
this program, creating sustainable structures 
for reaching out to each village throughout the 
country.

The unique approach of Netzwerk Teilchenwelt 
- STEM (Science, Technology, Engineering 
and Mathematics) promotion under a special 
brand - is presented with its particle physics 
projects. Potentials and challenges of the net-
work are described. First results of an evalua-
tion on network activities are included as well 
as insights into the organization and coopera-
tion with other physics partners.

Keywords

Hands on Particle Physics, Masterclass, Netz-
werk Teilchenwelt.
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1. Introduction

How did the universe evolve? What are the 
building blocks of matter? How do they inter-
act? What happened after the Big Bang? Thou-
sands of scientists follow these questions and 
try to “understand whatever binds the world’s 
innermost core together” [1], at the largest ex-
periment in the world - the Large Hadron Col-
lider (LHC) at CERN in Geneva.

Details of this fascinating research, e.g. the 
recently discovered Higgs particle, are spread 
through the media, and are thus in the public 
eye. Teachers are faced with questions by their 
students, such as, for example, whether black 
holes are really dangerous. However, they find 
little support in physics textbooks to this kind 
of query, since the textbooks’ state of scientific 
knowledge mainly ends 100 years ago.

Alarming results on the quality of science 
education in recent years [2] have triggered a 
number of initiatives, thanks to which a posi-
tive trend for instance in the number of stu-
dents studying science at German universities 
can be presently noted [3].

Nevertheless, great efforts are still needed to

- communicate ideas and findings of current 
basic research as general cultural assets,

- encourage the ability to classify and evaluate 
this research and the resources used for it, and, 
ultimately its acceptance,

- advance the quality and actuality of physics 
education in schools,

- ensure the next generation of STEM special-
ists,

- convey ways of thinking and skills that are 
generally used in modern science and engi-
neering, and

- let it become a matter of course for all scien-

tists to explain and communicate their scien-
tific work to society. 

2. Structure and goals of the 
network

2.1 Construction of the network

Since 2006 TU Dresden has been coordinat-
ing the program International Masterclasses, 
which gives secondary school students all 
around the world the chance to work collab-
oratively and analyse real data from particle 
physics experiments with physicists as their 
mentors. Using the experience in coordina-
tion of the International Masterclasses with 
excellent results [4], a national network was 
developed to make this approach accessible to 
a wider circle of students and teachers. In ad-
dition to the Particle Physics Masterclasses, an 
astroparticle branch of activities with cosmic 
ray detectors (Kamiokannen, [5]) and CosMO 
experiment [6] has been developed since 2011. 

Sixteen research institutions in Germany were 
already participating in International Mas-
terclasses and thus included in the Netzwerk 
Teilchenwelt. In addition, further institutions 
joined, so that 24 research institutions in parti-
cle and astroparticle physics from all over Ger-
many merged into the foundation of Netzwerk 
Teilchenwelt in 2010 [7]. 

The project is funded by the German Federal 
Ministry of Education and Research (BMBF). 
After the successful completion of the first 
funding period from 2010 to 2013, the project 
was recently approved for follow-up support 
of another three years.

The initiator and leader of the project is Mi-
chael Kobel from Technical University Dres-
den. Under his guidance and under patronage 
of the German Physical Society (DPG), all 
locations offer the multi-level program de-
scribed in sec. 4. 
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Figure 1. 24 Particle Physics Institutes at 22 locations all over 
Germany are building the network, in cooperation with CERN

The staff consists of 5 persons, one full-time 
and four half-time positions. Besides that there 
are about 140 young scientists involved in the 
network´s activities (about 40 local organiz-
ers and about 100 scientist, typically PhD or 
experienced master students, conducting Mas-
terclasses – see 3.2). Special tasks are carried 
out at the University of Würzburg (develop-
ment of teaching materials, s. 5), DESY in 
Zeuthen (development of astroparticle physics 
activities, s. 3.3), CERN (student and teacher 
workshops, s. 4.3), as well as at TU Dresden 
(coordination, evaluation – s. 7). 

With its unique concept Netzwerk Teilchen-
welt covers various aims:

a) convey the fascination of modern research 
in particle and astroparticle physics to students 
and teachers,

b) train teachers and project leaders in modern 

physics,

c) offer measurements with original data from 
CERN, including current research results (e.g. 
discovery of a Higgs boson), and from experi-
ments with cosmic particles

d) provide sustainable, motivating and authen-
tic teaching, learning and research experienc-
es, and

e) facilitate direct contact between scientists, 
young people and teachers.

Furthermore, Netzwerk Teilchenwelt allows:

f) high school students to gain insight into 
the topics and methods of research in particle 
physics, 

g) young scientists to gain experience in sci-
ence communication and to improve this skill, 
and 

h) teachers to get in close contact with science.

3. Particle Physics Masterclasses

Particle Physics Masterclasses are the core ac-
tivity of Netzwerk Teilchenwelt. In addition, 
an Astroparticle Physics Masterclass is in de-
velopment.

3.1 The Masterclass concept 

While a Masterclass is a familiar part of educa-
tion in the arts, UK physicists have transferred 
the idea to particle physics beginning arround 
1997 (R. Barlow et al.) [4].The first Particle 
Physics Masterclasses invited high school 
students (15-19 years old) for one day to a 
nearby research institute or university. Stu-
dents learned the basics of particle physics and 
analyzed data under the mentorship of particle 
physicists. 

In 2005, this concept was adopted by IPPOG 
and extended to the International Masterclass-
es [8], providing high school students around 
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Europe the opportunity to become “physicist 
for a day”. The students have lectures in the 
morning, followed in the afternoon by a mea-
surement with real data from the Large Elec-
tron Positron Collider (LEP) collider at CERN, 
which was still active at the time. At the end 
of the day, students participate in an interna-
tional video conference - together with up to 
four other student groups, and young modera-
tors from CERN or Fermilab, to combine and 
discuss their results.

International Masterclasses are organized by 
TU Dresden and QuarkNet [9] every year in 
spring over the course of four weeks. In 2013, 
160 institutes from 37 countries attracted about 
10,000 participating high school students to 
these Masterclasses. 

3.2 Teilchenphysik-Masterclasses

The Particle Physics Masterclasses orga-
nized by Netzwerk Teilchenwelt – called 
„Teilchenphysik”-Masterclasses – are normal-
ly held in schools, sometimes also in school 
labs, at fairs or exhibitions. Young scientists, 
most of them PhD or master students, visit 
classes and enable high school students to 
work with real data from CERN experiments 
and analysis tools (Minerva, Hypatia). Each 
workshop lasts 4-6 hours and covers an in-
troduction to particle physics and a hands-on 
activity. The measurement provides a basic 
experience of research (problem definition, 
sampling, statistical evaluation, analysis); pre-
vious knowledge is not necessary.

In contrast to International Masterclass-
es, there are no video conferences, but a 
„Teilchenphysik“-Masterclass includes a quiz 
and a question-and-answer session. With this 
concept, Particle Physics Masterclasses are 
now available at any date, at any place and for 
a much larger group of young people than ever 
before in Germany.

Figure 2. High school students analyzing a collision event, measured 
at the LHC

3.3 Outlook: Astroparticle-Masterclasses

Since 2011, Netzwerk Teilchenwelt offers 
hands on workshops with cosmic particles of 
several days duration. For a one-day program 
an Astroparticle Physics Masterclass is cur-
rently being prepared. 

Here, students and teachers should be given 
the opportunity to work with data of the Auger 
experiment. These new Masterclasses will also 
be integrated into the International Cosmic 
Day, which is an activity of many astroparticle 
outreach projects worldwide [10].  

4. The network’s multilevel 
approach

The activities of Netzwerk Teilchenwelt are 
aimed at young people aged 15 to 19 years 
and at teachers in schools, project leaders in 
school labs or other educational institutions. 
They build the user community – each year 
more than 700 teachers and 4200 high school 
students participate in the network´s activities 
(Fig. 3).  
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Figure 3. Network activities, building on each other

The activities build on each other, with in-
creasing amount of involvement and decreas-
ing number of participants.

4.1 Level 1: The basic program 

The main idea of the basic program is to attract 
many students and teachers to expose them to 
particle physics research.  For high school stu-
dents participating in the basic particle phys-
ics program means participating in an Inter-
national or „Teilchenphysik“-Masterclass. In 
the future it will be also possible to participate 
in Masterclasses in astroparticle physics. We 
meet about 4000 students this way every year 
– so the „Teilchenphysik“-Masterclasses are 
really the heart of our networks activities.

The basic program for teachers also includes 
participation in an introductory event, which is 
in this case usually training in particle physics. 
A few locations offer teachers’ days in the con-
text of the International Masterclasses. Others 
run year-round trainings at their institutions or 
in cooperation with the educational institutions 
of their federal state. 

4.2 Level 2: Qualification 

At the end of each basic workshop the attend-
ees are informed about further possible activi-
ties in the network. 

Students wanting to become a member of the 
network are asked to pass on their knowledge 
to others in many different ways. For example, 

the ambassadors can help as tutors in other 
Masterclasses, give a talk in their school or 
elsewhere, or promote at local events of insti-
tutions (e.g. “Long Night of Sciences”), etc. 
Thus, there are no boundaries in the intensity 
and creativity of the qualification. The com-
mitment is defined by the participants them-
selves; the locations of the network only sup-
port them.

The second level for teachers means becoming 
a multiplier and disseminator. They qualify for 
the next level by organizing Masterclasses and 
workshops in consultation with their local or-
ganizer of the network.

4.3 Level 3: Consolidation 

Twice a year 30 of the most committed young 
people are invited to a three-day workshop at 
CERN in recognition of their commitment. 

For teachers Netzwerk Teilchenwelt runs five-
day workshops at CERN twice a year. They are 
organized in cooperation with CERN within 
the framework of the German Teachers’ Pro-
gram and offer a varied schedule, including 
on-site visits, lectures about particle physics, 
seminars and of course the face-to-face con-
tact with scientists [11]. Each year about fifty 
teachers are able to participate in these work-
shops, funded by Netzwerk Teilchenwelt

Uta Balko, a teacher from Berlin, took part in 
the first workshop for teachers in October 2010 
and says: “To have really been at CERN is the 
greatest thing for every physicist - so also for 
every physics teacher.” For her, the most im-
portant experience was to witness highly mod-
ern research first hand, because “the students 
are very interested in this current research, 
thus I want to be able to comment on this is-
sue.” She also hopes “that (she) can fascinate 
(her) students more for physics and science 
and spread (her) enthusiasm.” [12]
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4.4 Level 4: Research projects

As the icing on the cake of the multistage pro-
gram of Netzwerk Teilchenwelt, ten students 
and a few teachers can be active in the pro-
gram level “research projects”, where students 
finally realize extensive research works, super-
vised by their local institution. Participation in 
research weeks at CERN is a special option for 
the ten most active students. Depending on the 
federal state, students can contribute this work 
as a particular achievement (“BeLL”) or so-
called fifth test component in the grade of their 
high school diploma. Moreover, many of these 
student works have been rewarded with prizes 
in various awards. 

Teachers can collaborate as research delega-
tion in institutes; however, this depends on the 
regulations of the federal states. Scope, con-
tent and organizational form can be arranged 
individually and vary from region to region.

5. Teaching material

To provide the learning institutions with mate-
rials on particle physics not only for prepara-
tion and post processing of Masterclasses, but 
also for project days and school lessons, Netz-
werk Teilchenwelt has created educational ma-
terial covering the following topics:

1. Portraits of the elementary particles (Fig. 4)

2. Instruction for building a cloud chamber

3. The ATLAS experiment 

4. Research in and applications of particle 
physics

5. Handouts for participants in a Particle Phys-
ics Masterclass

6. Material for Masterclass facilitator

All educational material was created by a team 
of researchers, didactic experts and science-

communicators in order to reach a high level 
of clarity, professional correctness and an ap-
propriate choice of terminology. The teaching 
material is used in Masterclasses, the CERN-
workshops and everyday school life. More-
over, the online forum of Netzwerk Teilchen-
welt [13] collects feedback to improve the 
material steadily.

In collaboration with the project “Discover the 
Cosmos”, scenarios have been developed com-
bining the typical applications of the network 
with IBSE (Inquiry Based Science Education)-
methodology [14]. The scenarios are available 
for download in numerous translations at the 
Discover the COSMOS-portal [15].

Figure 4. Using particle portraits to introduce the Standard Model of 
particle physics

6. Special activities

A number of further activities have been de-
veloped supplementary to the multi-step pro-
gram. This development confirms the image of 
a strongly creative and self-dynamic network. 
The vision of the initiators has become reality.
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Figure 5. Netzwerk Teilchenwelt bags, Atlas Lego model, participation 
at science fairs, 358 likes on facebook, hand-made Higgs-earrings, 
particle-zoo-buttons 

6.1 It’s cool to be involved 

So far, the network has presented itself at con-
gresses, science fairs and conferences. Fur-
thermore, the network will be represented with 
exhibits and information at Deutsches Muse-
um Bonn soon. 

Not only these events but also creative dem-
onstration materials as well as social media 
activities have made sure that more and more 
people get in touch with the network (Fig. 5). 
A sense of cohesion has grown and all the peo-
ple involved feel: It’s cool to be a member of 
the Netzwerk Teilchenwelt! It’s up-to-date to 
learn more about the world of particle physics!

6.2 Video-Competition (IN)VISIBLE?!

How can you make tiny particles visible? How 
can science be explained in a short movie? 
In 2011 and 2012 the Netzwerk Teilchenwelt 
has arranged a particle physics video contest 
called “(IN)VISIBLE?!”. Teenagers from all 
over Germany were invited to participate in 
the video competition by providing a creative 
movie which answers a question related to 
particle physics. Prize winners were awarded 
a visit to CERN.

6.3 Educational Scenario Contest

In 2012, an “Educational Scenario Contest” 
was arranged. Teachers from all over Germa-
ny were invited to develop either a scenario 
on the basis of the IBSE educational scenario 
template which was proposed by the Discover 
the Cosmos project or to create supporting ma-
terials with the target to reinforce the student’s 
activities.  Prize winners created a game, wrote 
a textbook with exercises on particle physics, 
and developed a modular presentation on cos-
mic rays. These contributions are published 
and available for download at the Discover the 
Cosmos portal [14].

6.4 Working groups of active teachers
and students

Especially after participation in CERN work-
shops most of the teachers and students are 
highly motivated and wish to continue their 
work in the network. Following on this, last 
year we started to organize a teacher round-
table in Dresden, meeting every 3 months. 
About 5 to 10 teachers participate in lab tours, 
lectures, and a general exchange of informa-
tion.   

Teachers enjoy this opportunity for many rea-
sons, among them the chance to meet like-
minded colleagues. However, due to their 
everyday workload plus their voluntary en-
gagement in introducing modern physical re-
search into school permanent organizational 
input is needed to keep this round table run-
ning. 

On the initiative of a group of very active 
high school students we invited this year in 
May 120 of our student-alumni of Netzwerk 
Teilchenwelt who have participated in three or 
all stages of the network. Some of them are 
still at school, some of them already at univer-
sity, studying physics - but there were also oth-
er subjects. 35 of them accepted the invitation. 
The 2-day meeting was very intensive and re-
sulted in starting several working groups, e.g. 
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- international exchange program for alumni,

- particle physics study groups in schools,

- particle physics taster course in schools, 

- particle physics for primary-school pupils,

- particle theatre …

All these are ideas for future activities, which 
shall be organized by this very active group of 
Teilchenwelt alumni themselves.

6.5 Training of young scientists

As noted in 3.2, most „Teilchenphysik“-Mas-
terclasses are facilitated by young PhD stu-
dents. This opens a win-win situation for both 
scientists and high school students: Normally, 
the PhD students quickly establish a good re-
lationship with the high school students, who 
consider them “closer” to themselves than a 
normal teacher.  Our PhD students gain expe-
rience in important soft skills like communica-
tion, presentation and organization.

To provide them with some basic communica-
tion tools and pedagogical knowledge Netz-
werk Teilchenwelt organizes a workshop once 
a year. This is also a great opportunity to dis-
cuss experiences or new materials developed.  

7. First results of the network’s 
evaluation

An essential part of the first project period was 
an evaluation of the “Teilchenphysik”-Master-
class by using a pre, post and follow-up ques-
tionnaire. The results of the evaluation will 
be presented comprehensively in [16]; here 
two results of the study are noted in advance, 
showing that the „Teilchenphysik“-Master-
classes are positively assessed by the students 
in general (Fig. 6) and in more detail (Fig. 7). 

Figure 6. Students rating of „Teilchenphysik“-Masterclasses (1 = 
highest, 6 = lowest)

In Fig. 6 participating students were asked to 
mark the „Teilchenphysik“-Masterclass. The 
mean value of their answers is 2,04 . Each re-
sult plotted in Fig. 7 is combined from several 
questions, e.g. 7 questions such as: “the in-
troduction was understandable to me” or “the 
task of the measurement was clear to me” were 
asked in the category “challenge and recogni-
tion”.

Figure 7. Rating of special properties combined from several questions 
(0 = disagree, 4 = totally agree)

The best rated feature is support and atmo-
sphere. This effect is certainly related to 
the situation that PhD students hold the 
Masterclasses. Also authenticity is rated very 
high, which is again due to the fact that the 
facilitator is a real scientist and that the stu-
dents have the possibility to do measurements 
with real data.
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8. Conclusion

Netzwerk Teilchenwelt gives high school stu-
dents the chance to get in touch with mod-
ern particle physics research and real data of 
the LHC experiments. Students learn about 
the fundamental building blocks and forces 
and gain insight into the scientific research 
process. Especially the hands-on part of the 
Masterclasses, which gives students the op-
portunity to conduct their own measurements 
and to get in touch with young scientists, is a 
unique experience which teenagers classify as 
outstanding.  

As an out-of-school place of learning Netz-
werk Teilchenwelt offers education closely re-
lated to science, subject-specific and comple-
mentary to the school teaching. Furthermore, 
the project is operated nationwide and distin-
guished by its mobility. These characteristics 
make it possible to also reach young people in 
the countryside, where there are usually fewer 
offers of informal science education.   

The system consists of 4 levels in which the 
teenagers advance depending on their engage-
ment in the network. Categorizing teenagers in 
levels allows for providing everyone a tailored 
advancement particular for the needs of the 
teenagers.

The main features of this network approach 
ensuring its success are:

1. the multilevel and pyramid-like structure of 
activities

2. the concept of “mobile scientists” 

3. win-win situation for the participating insti-
tutes as well as for teachers and scientists 

4. synergies with corresponding projects 
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Abstract.

To awake children´s interest in scientific top-
ics, it’s necessary to keep also the young ones 
in touch with modern science and preferably, 
with the researches themselves. The Haus 
der Astronomie (HdA) in Heidelberg acts as 
a main junction to connect researchers with 
teachers in order to transfer modern sci-
ence from the very frontline of research into 
the classroom. As an example, the function-
ing principles of a complex infrared detector 
were broken down to fit into an environment 
that young students are very familiar with. To-
gether with the Deutsches SOFIA Institut as 
research facility and the HdA as coordinator, 
a DIY-heterodyne-simulator was designed for 
classroom use. The device was successfully 
tested by a partner school network of the HdA. 
This gadget can be accomplished by an Infra-
red Kit showing how infrared astronomy works 
in unrevealing the invisible universe.

Keywords

Hands-on activities, infrared astronomy, inter-
institutional collaboration, web-based learn-
ing.

1. Introduction

Would the second law of Keplers laws of plan-
etary motion be more understandable to the 
pupils if Johannes Kepler himself would stand 
in front of the pupils explaining his theories? 
What about Erwin Schroedinger himself talk-
ing about his cat in order to boost quantum me-
chanics popularity in schools? No one knows 
the answer of these hypothetical questions, 
but one thing is clear: After the appearance of 
Stephen Hawking in TV series like Star Trek 
or The Big Bang Theory the attraction of sci-
ence on the learners rises what becomes no-
ticeable by the numbers of questions about 
Stephen Hawking a teacher gets confronted 
with. Also the transmission of experiments run 
on the ISS by Chris Hadfield and others into 
the classroom changes the attitude of former 
non-physicists into physics-enthusiasts [1]. At 
least one result can be extracted from this kind 
of broadcasted science: The interest in science 
could be enhanced by bringing celebrated men 
or frontend science and its researches them-
selves in touch with the young ones.

In this paper we describe how the HdA man-
ages to bring researchers, teachers and pupils 
together in order to transport astronomy re-
search into schools. In Sec. 2 we describe the 
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role of the HdA in the interplay of Universi-
ties, Institutes and the partner school network 
to achieve the desired aim. As an example of 
the fruitful collaboration between scientists 
and teachers the wide ranging education and 
public outreach project SOFIA is presented in 
Sec. 3. Herein we demonstrate how educators 
can interact with researchers in order to make 
frontline astronomy, in the form of an infrared 
detector, suitable for classrooms. Further on 
the role of pupils in this process is discussed 
as well as the role of the internet. Additional 
material in form of a collection of hands-on 
experiments for pupils concerning infrared as-
tronomy provided by the HdA is introduced at 
the end of this section. Conclusions are drawn 
in Sec. 4.

2. The HdA and its connections 

The Christoph-Probst-Gymnasium, the work-
place of one of the authors, benefits from the 
proximity to Munich and the two excellent 
universities there, the ESO headquarter in 
Garching, lots of museums etc. For a teacher 
of natural sciences this exhibits an almost non-
finite source of inspiration, keeps the knowl-
edge on the pulse of scientific breakthroughs 
and offers the opportunity to bring pupils and 
researchers together without circumstances. 
It’s therefore an easy thing to motivate pupils 
for science or to bring them to extracurricular 
places of learning.

Figure 1. Interplay between the HdA, partner school network and 
universities

The challenge for teachers without such kind 
of privileged location is to organize this kind 
of get-together or to get into contact with fron-
tend research. At this point the HdA comes into 
play (see Fig. 1). The HdA is a unique center 
for astronomy education and outreach in Ger-
many. One mission is to foster the exchange 
of knowledge between scientists and to com-
municate the results of astronomical research 
in the media and to the public, especially to 
teachers of different kind of schools. The HdA 
benefits from the proximity to the Max-Planck 
Institute for Astronomy as neighbor and the 
Center for Astronomy of the Heidelberg Uni-
versity, the largest university astronomy group 
within Germany. But also regular contacts 
with researchers and educators of universities 
all over Europe, USA, Chile and South-Africa 
are established. With this background teach-
ing materials dealing with different subjects 
of frontend science were created and provided 
for the usage in schools. These materials cover 
the exploration of Mars, latest results con-
cerning the origin and evolution of the Milky 
Way in collaboration with a Special Research 
Program at Heidelberg University, or Infrared 
Astronomy with the airborne observatory SO-
FIA in consultation with the Deutsches SOFIA 
Institut (DSI) at Stuttgart University which is a 
main aspect later on.

The education material is tested and evaluated 
in workshops with pupils of different ages at 
the HdA and distributed to members of the 
network of partner schools of the HdA. The 
network is a collaboration of 36 schools dis-
tributed all over Germany that are interested 
in natural sciences especially astronomy. Be-
sides field testing of HdA material, the schools 
themselves develop teaching units for differ-
ent astronomical research areas and distribute 
them on the network. One of their most impor-
tant tasks is to make the material fit into the 
curriculum of the different school types and to 
serve all ages. Therefore the network acts as an 
optimizer for the distributed teaching material. 
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Some of the partner schools are clustered in 
subunits because of their interests in the same 
topic. More than ten members for example 
took part in the Pan-STARRS Asteroid Search 
Campaign in spring 2013 coached by Carolin 
Liefke of the HdA. Four partner schools con-
centrate on spectroscopy in theory and practice 
with auspicious preliminary results in analyz-
ing scientific data obtained by one of the most 
sophisticated far infrared detector to date that 
will be described in more detail later on. Even 
the fledgling discipline Astrobiology is covered 
by some colleagues performing and recording 
experiments with water bears and distribute 
the movies to the network. Some groups join 
in a special webpage for their subject but all 
members of the network are in close contact 
via email and meet at least once a year at the 
HdA for a teacher training, workshop and an 
exchange of experience.

3. The flying education platform 
SOFIA

A very intense and long-standing collabora-
tion between the partner schools and the DSI 
was established by Cecilia Scorza. The proj-
ect SOFIA (Stratospheric Observatory for In-
frared Astronomy) is a predestinated one for 
bringing astronomy research into the schools. 
The airborne observatory SOFIA (see Fig. 2) 
is a German-American joint project run by the 
German Aerospace Center (DLR) and NASA.

Figure 2. The airborne observatory SOFIA on a test flight ©DSI

It’s a Boeing 747 SP airplane with a 2.5 m 
telescope on board that observes the universe 

in infrared light through a hole in the fuselage 
as big as a barn door [2]. The cruising altitude 
with more than 13 km is higher than that of 
normal airplanes in order to escape the terres-
trial water vapor that absorbs nearly all light 
in the mid- and far-infrared. Airborne infrared 
astronomy has a long tradition at NASA. The 
predecessor of SOFIA the Kuiper Airborne 
Observatory (KAO) was in service from 1974 
until 1995 and helped discovering for example 
the rings of Uranus in 1977 [3] using an 91 
cm telescope. Besides research at the edge of 
the stratosphere KAO was intensively used for 
astronomy education and public outreach [4]. 
Not only because there was enough space on 
board of the airplane to take teacher or jour-
nalists up in the air, but for giving the educa-
tors the unique possibility to be literally at the 
frontline of modern astronomy. The success 
of this FOSTER (Flight Opportunities for Sci-
ence Teacher EnRichment) teacher project was 
enormous and had a deep long-lasting impact 
not only on the teachers that carry their insights 
and experiences into the classrooms but also 
on the pupils that got first-hand information 
and motivation from their teacher back from 
the stratosphere. The idea to utilize educators 
as disseminators to bring modern astronomy 
into schools continues in the AAA (Airborne 
Astronomy Ambassadors) program where 
American and German teachers get the chance 
for a ride at the edge of the stratosphere.

3.1 From the stratosphere into the class-
room

3.1.1 Frontline research at its best…

In order to profit from this flight as much as 
possible it’s necessary to understand at least 
the basics of the research objectives as well 
as the instruments and detectors on board. 
Here again the HdA acts as a helping hand 
for the German AAA-Teachers by providing 
astronomical background knowledge and by 
establishing contact with scientists that are 
responsible for the instrumentation on SO-
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FIA and with observers using SOFIA. Two of 
the authors had the chance to fly on board of 
SOFIA in July 2011. The preparation for this 
flight leads to the construction of a small cir-
cuit board for classroom usage that simulates 
on of the infrared detectors flying on SOFIA. 
This would have been impossible without the 
assistance of the HdA and the fruitful collabo-
ration between scientists and educators. This 
project is described in the following.

The simulated device is the German Receiv-
er for Astronomy at Terahertz Frequencies 
(GREAT, see Fig. 3) which was developed by 
a collaboration of various research institutes in 
Germany under the principal investigator Rolf 
Güsten at the Max-Planck Institute for Radio-
astronomy in Bonn [5].

Figure 3. The detector GREAT and the telescope counterweight at the 
aft of the telescope while filling up with liquid nitrogen.

It’s a high resolution spectrometer working in 
the frequency range between one to five Tera-
hertz and is designed for studies of interstellar 
gas and the stellar life cycle, from a protostar’s 
early embryonic phase when still embedded in 
its parental cloud, to an evolved star’s death 
when the stellar envelope is ejected back into 
space. The high frequency and extremely de-
tailed spectral resolution of  l/Dl=106-107 
in order to have a high resolution in velocity 
regarding to the Doppler-effect requires enor-

mous technical effort. The transport of the 
THz-signal coming from the telescope is ex-
tremely inefficient when using coax cable or 
waveguides. Additionally the size of the spec-
trometer would have to be huge in order to 
provide the required resolution. The solution 
of both challenges is the transformation of the 
THz-signal to lower frequencies i.e. into the 
GHz-band by using the heterodyne principle. 
In this process the THz-signal coming from 
the telescope (RF) is mixed with an artificially 
created signal (LO) of constant frequency pro-
duced by a local oscillator. Due to the mixing 
process mediated by an electronic component 
the resulting signal (IF) consists not only of the 
harmonics of the original RF- and LO-signal 
but also of the sum (RF+LO) and difference 
(RF-LO) of both. Using special filters the dif-
ference-signal is extracted and can be analyzed 
with familiar methods of GHz-technology.

3.1.2 …transformed for pupils intellect

The educator is used to break down compli-
cated correlations in science to a level to where 
pupils can follow. One way of doing this is to 
transform the invisible and unfamiliar phe-
nomenon analyzed by GREAT into the well-
known world of the pupils. This means using 
audible high frequency sound of some ten KHz 
instead of light of some THz. Additionally we 
used gadgets children are familiar with like 
MP3-Players as generators for RF- and LO-
frequencies instead of equipment found only 
in high-tech laboratories.

3.1.3 The signals

Instead of real astronomical signals high fre-
quency sound is used that is modeled by the 
free software “audacity” and stored as WAV-
files to the memory of the MP3-players. The 
LO-signal generator plays a single sinus-wave 
with a definite frequency whereas the signal 
of RF can be whatever wanted: a single si-
nus-wave or a triad or even a melody is pos-
sible. Besides creating audio-files audacity can 
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also analyze audio signals. If the IF-signal is 
brought to the computer by the earphone jack 
the waveform of the signal can me made vis-
ible. Also a frequency analysis due to a fast 
Fourier transformation can be done.

3.1.4 The mixer

The easiest way of bringing RF and LO togeth-
er is by soldering the wires of both signal-gen-
erators together or using an ohmic resistor as 
mixer. As a result the electronic circuit looks 
very trivial. The only difficulty is not to feed 
the LO-MP3-player with the RF-signal and 
vice versa. This challenge is solved by using 
resistors at the input of the MP3-players. This 
kind of mixer is called linear mixer because 
the applied voltage of both signal generators 
is linearly transformed into electric current be-
cause the characteristic of the ohmic resistor is 
a linear one.

The more sophisticated mixer is one that uses 
a diode as mixer (see Fig. 4). This so called 
nonlinear mixer transforms the applied voltage 
from the signal generators in a more complex 
way, depending on the characteristic of the di-
ode. In the case described in the following a 
Shottky-diode was used.

Figure 4. The circuit board with the mixer-diode, two resistors to 
protect the MP3-players that act as signal generators and the active 
speaker for making the mixed signal audibile.

3.1.5 Experiments

The first experiments were done using the lin-

ear mixer in order to create a beat. Although 
it sounds like the creation of an additional 
frequency, the beat consists only of the two 
original frequencies. This can be revealed by 
using two nearby frequencies for RF and LO 
like RF = 500 Hz and LO = 440 Hz. The mixed 
signal can be made audible by a simple active 
loudspeaker or be analyzed by the audacity 
software (see Fig. 5). The frequency analysis 
clearly depicts the existence of only two fre-
quencies. Mathematically spoken the argu-
ment of the RF sinus-function doesn’t interact 
with the LO sinus-function. It is therefore not 
possible to create new frequencies using the 
linear mixer what means that it is not recom-
mended for the use in GREAT.

Figure 5. The waveform of the beat and the corresponding frequency 
analysis.

Interdependencies between the arguments of 
both sinus-signals are expected when using 
a nonlinear mixer. Assuming that the char-
acteristic of the diode-mixer can be roughly 
approximated as a quadratic function nearly 
flat near the apex and steeply rising beyond a 
certain voltage the resulting electric current is 
the square of the sum of both signals. Using 
trigonometric identities it can be shown that 
this yields to the creation of harmonics of the 
original signals and to tones with the sum and 
difference of the RF- and LO-frequency. In or-
der to examine the real behavior of a Shottky-
diode-mixer the two MP3-Players were fed 
with frequencies that differ only by some hun-
dred Hertz. In the test case RF = 3800 Hz and 
LO = 3300 Hz. It’s then easy to hear the dif-
ference signal as a deep humming noise of one 
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of the IF-signals at 500 Hz. This fact can be 
proven by looking at the waveform of the IF-
signal that clearly doesn’t show the slope of a 
beat as well as a look at the frequency analysis 
(see Fig. 6). Besides the original signals also 
its harmonics as well as the sum at 7100 Hz 
and the difference frequency at 500 Hz can be 
revealed. Using a low-pass filter to cut off the 
high frequencies the remaining low frequency 
signal can be processed further on.

Figure 6. The waveform of the diode-mixed signal and the 
corresponding frequency analysis.

It has been shown that this small cheap clear-
ly arranged and easy understandable circuit 
board is able to simulate the operating mode 
namely the heterodyne principle of one of the 
most sophisticated infrared detectors used in 
astronomy research. It’s now up to the pupils’ 
creativity to generate signals for the MP3-
Players.

3.1.6 Signal pool

It’s necessary for the pupils to train and to 
repeat the experiments to consolidate their 
newly acquired knowledge. It would be most 
suitable if the learners themselves create new 
variations of signals they can alter with the 
heterodyne simulator. The more examples they 
produce the better. Therefore the idea behind 
this tool as well as the construction guidance 
has to be published on the internet in order to 
distribute it as widely as possible [6]. To do 
so we used a special website called Wissen-
schaft in die Schulen (WIS) that is specialized 
in publishing educational material for teachers 
as well as for learners concerning natural sci-

ences (see Fig. 7). WIS is an offshoot of the 
German astronomical magazine “Sterne und 
Weltraum” published by the editors of the 
German edition of Scientific American and in-
tends to deconstruct the science objectives in 
the issued magazine for the usage in the class-
room. Another possibility for the distribution 
as well as for the testing of the gadget is the 
network of partner schools that gives feedback 
in the shortest possible time. So the launch of 
this heterodyne simulator already begins with 
a sample of rudimentary signals generated for 
the first experiments also published in WIS. It 
is planned to build up a signal-library on the 
internet in which the pupils themselves distrib-
ute their created signals and get into contact 
with each other.

Figure 7. The WIS-website: www.wissenschaft-schulen.de

3.1.7 Collection of infrared experiments

Besides this very special tool described above 
a couple of hands-on experiments covering the 
whole range of infrared astronomy that acti-
vate all human senses is arranged by the HdA 
namely C. Scorza and O. Fischer [7]. Begin-
ning with experiments with ordinary webcams 
as sensors for near infrared light, continuing 
with simulating the working principles of an 
astronomical infrared imager by observing a 
model of the bok globule B67 up to experi-
ments with advanced thermal imagine cam-
eras in order to investigate the physics in the 
mid infrared. This Infrared Kit (see Fig. 8) is 
particularly developed for the usage in schools 
and includes extensive educational material. 
This Kit was intensively tested and is inten-
sively used by the network of partner schools.
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Figure 8. The Infrared Kit with Hands-on experiments dealing with 
infrared astronomy.

4. Conclusion and Outlook

In this paper we describe how to bring as-
tronomy frontline research into schools and 
what roles different institutions and individu-
als have to take over in order to get the desired 
results. It’s an absolutely pro to have an insti-
tution like the HdA as an organizer or agent 
sitting in between the universities or research 
institutes and the schools or teachers. It’s eas-
ier for the educators because they don’t have 
to spend one of their most limited resources 
namely time in looking for the right partner 
for their interest. For the institutions to raise 
the interest of pupils for their kind of research 
objectives it’s ideal to have an information 
source to ascertain which school shares the 
same interests and has already done similar 
things before. If the schools are organized in 
a network with intense contact and feedback 
channels in between the outcome of the col-
laboration between researchers and teachers 
could be optimized. Arising problems could 
be solved easier because of the broad experi-
ence of the network and quicker because the 
burden could be shared across several partners. 
Generalizing the outcome for pupils of differ-
ent ages or of different school types is simpli-
fied because the network consists of educators 
teaching pupils of different ages in schools of 
different types. With this support it is possible 

to make frontline research like the heterodyne 
spectrometer GREAT described above com-
prehensible. It has been shown that this device 
could be decomposed into a DIY-instrument 
that fits in your pocket and helps understand-
ing one of the most sophisticated infrared de-
tectors to date. Another example mentioned 
is the collection of hands-on infrared experi-
ments put together in the Infrared Kit. 

The internet is the main distribution medium to 
make the developed education material acces-
sible to every teacher and pupil who is inter-
ested. It is the only way to publish interactive 
material that improves and accumulates exam-
ples with time. It should therefore be used as a 
forum to exchange contributions, ideas and ex-
perience more than as a simple download area.
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Abstract

This paper reports on the creation of a unique 
online astronomical resource called ‘Spe-
cRec’©. The Rozhen repository in the Bulgari-
an National Observatory currently holds more 
than a thousand spectral plates both physi-
cally and as digital previews. Additionally 
there are more than seven thousand recorded 
spectral observations. SpecRec, designed to 
be free to browse and download, so it can be 
used educationally for several purposes. It of-
fers opportunities for students and amateur as-
tronomers to study real observational data and 
practices as a model for their own emerging 
practice. Those who wish to work at a more 
advanced level will also be able to acquire and 
process the samples of raw observational data 
themselves. Furthermore, the online resource 
will hold a selection of existing professional 
astronomical analyses, primarily in the form 
of a collection of articles published in interna-
tional journals, predominantly in English. This 
offers the astronomy student the opportunity to 
compare their own findings, and learn by ex-
ample how to publish their own observational 

results. The importance of open access astro-
nomical educational resources is discussed.

Keywords

Education, Spectral Repository, Astronomy, 
Open Access, Internet

1. Introduction

Forty years ago, the Bulgarian Academy of 
Sciences (BAS) took the initiative to build a 
National Astronomical Observatory (NAO) for 
Bulgaria [1]. One of the main priorities driv-
ing this decision next to increasing knowledge 
about the universe has been to provide bet-
ter education concerning astronomy. This has 
been the most expensive investment for Bul-
garian Academy of Sciences and the National 
Observatory still houses the most expensive 
equipment that the BAS possesses. Given the 
price of utilizing the equipment, to date, only 
professional astronomers have been allowed to 
use it. Globally, there is a movement towards 
increasing access to observation facilities and 
equipment for broader audiences. A key prob-
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lem is that newcomers to astronomy do not 
necessarily have experience in processing the 
results they are gathering during their spectral 
observations. In this paper, we describe the 
opportunities now evolving for these wider 
groups to study real observational practices 
by following the example of professionals so 
they can learn how to process their own obser-
vational results. The tools for processing the 
results are already publically available from 
the major European observatories for free, 
such as the European Southern Observatory 
(ESO), which offers a comprehensive software 
package. For example, Scisoft is a collection 
of publically available astronomical software 
utilities which includes spectral processing 
[2]. By introducing ‘SpecRec’©, we aim to 
provide observational results and raw observa-
tional data from the spectral repository of the 
Bulgarian National Observatory. The objective 
is to allow students and amateurs to have the 
opportunity to analyse the results themselves, 
making comparisons between theirs and exist-
ing published professional analyses.

2. Background

When the National Astronomical Observatory 
was designed, the way in which astronomical 
observations were to be collated in archives 
was planned from the outset. Spectral obser-
vations metadata were originally recorded 
manually, in the format shown in Figure 1. On 
the top, the spectral plate itself is shown. It is 
stored in an envelope, shown below. On the 
envelope, details are provided of the camera 
which was used to take the observation and the 
object observed. More detailed information 
fields was written using a manual typewriter 
alongside handwritten notes; these are folded 
and stored in the envelope with the plate. All 
this data are sufficient for the observation to 
be processed.

Figure 1. Envelope with spectral plate

This was common tradition at all European 
observatories storing spectral archives at this 
time, for example, the German observatory 
Leibniz Institute for Astrophysics, Potsdam 
and the French observatory of Bordeaux. In 
Bulgaria, in the beginning of the ‘90’s, a plain 
text file was created by Ina Barsova in which 
every row contains the number of the plate, 
object observed and when it was observed 
and by whom (Figure 2). Further atmospheric 
conditions (seeing), camera setup and emula-
tion type are presented.  This represented one 
of the first attempts to computerise the ar-
chive and store the estimate of the quality of 
the spectra obtained. After the introduction of 
the CCD (charge-couple device), all data has 
been stored electronically on CDs. However, 
largely, this digital data has remained inacces-
sible to the public and has only been available 
to professional astronomers.

Figure 2: A simple coding of observational history

A selection of repositories of scanned plates 
already exists in Strasbourg library. For the 
last decade, one of the largest astronomical ar-
chives in the world is also being digitized (Vat-
ican Observatory) [3]. Furthermore, there has 
been considerable interest in placing digitized 
spectral data online in Virtual Observatories 
[4]. To a large extent, this is driven by the per-
ceived need for a standardized public access 
repository or spectral archives rather than the 
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current situation in which groups of astrono-
mers work independently on different datas-
ets [5]. Although to date public access (where 
available) has tended to focus to deliver ben-
efits for the academic sphere. This possibility 
of standardisation is increased by the creation 
of an open format suitable for metadata for all 
kinds of library archives, such as Dublin Core 
[6]. This already has been implemented, for 
example, by the National Academic Library 
and Information System, Bulgaria. The main 
idea is to utilize the existing software which 
supports the Library of the Institute of Astron-
omy and add the plates and all other observa-
tions as items.

Currently, in Bulgaria, all of the spectral data 
CDs and glass plates are organized and well 
preserved within the Library of the NAO. 
However, they are remotely located in the 
mountains, where there is no high speed inter-
net connection, practically placing restrictions 
on their use. Furthermore, photographic spec-
tral plates are not digitalized. For this reason, 
a digital repository of spectral observations is 
required for Bulgaria, drawing on the expertise 
developed in Europe in existing repository and 
archive design.

3. SpecRec

SpecRec is a continuation of a project begun 
by one of the paper’s authors (PG) in 1993 
called ‘Educational programmes for the IBM 
PC’. This programme was able to evaluate the 
knowledge of students. When the Astronomi-
cal Association of Sofia was created in 1994, 
one of the main goals of its creation was to 
boost the education in astronomy across all age 
groups by providing access to informational 
resources. This prompted the creation of the 
SpecRec on the grounds of not only providing 
information, but assurance of the quality and 
value of this knowledge in the astronomical 
sphere. The Astronomical Association, Sofia, 
publishes a weekly newspaper ‘Telescope’ tar-

geted at amateur and student astronomers who 
have their own equipment. It is only recently, 
due to cost reasons, that an acceptable quality 
spectroscope is likely to be within the reach of 
this community; hence the need for an open 
access spectral repository resource for this 
community.

The novel idea in SpecRec is that both the raw 
data and the scientific publications analysed 
by professionals are to be provided together 
in a linked format. The benefit of this is for 
astronomers (students, amateurs or profession-
als) who wish to choose and process data, or 
to observe the objects themselves, and build 
further on existing research. Additionally, se-
lected educational resources are linked with 
all raw data. This could be used to teach the 
laws of physics underlying what we observe 
through a spectroscope. The comprehensive 
nature makes SpecRec a highly effective tool 
which allows both teachers and students to 
find with ease educational material together 
with the raw original data for them to analyse 
themselves. The presence of existing research 
also allows educators and students to see what 
has been of interest within the academic and 
professional world to date in relation to that 
particular data. 

As such, SpecRec is envisioned as a power-
ful collection of resources within an open ac-
cess approach to astronomical education. In 
the open internet environment, we observe 
an abundance of datasets observed by profes-
sional and amateur astronomers. One problem 
with this is assessing the quality of the data; it 
is important that students and amateurs have 
access to the higher quality data-sets for ease 
of analysis. There is an abundance of data but 
there is no guarantee of producing a high qual-
ity analysis by picking a data-set at random. 
SpecRec addresses this issue by preselecting a 
set of spectral observations which have already 
been used to create academic publications, us-
ing peer review publication as a quality control 
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measure. Furthermore, it also demonstrates the 
entire process of observation and analysis, by 
providing raw data linked with the resulting 
publications.

4. Current State

The total photographic spectral archive con-
sists of about 7000 observations; however, a 
selection has been made of about 1000 which 
is sufficient for educational purposes. Current-
ly, the photo data available is in a preview for-
mat. This means that if anyone wants to obtain 
and analyse the data, they have to request it 
through e-mail or the website to receive a scan 
of original plate. 

It is particularly important to note that the for-
mat chosen has been based on the Dublin Core 
Metadata Initiative which seeks to standardize 
metadata formats and descriptive vocabularies 
for the purpose of long-term maintenance and 
management across different spheres [6]. This 
will ensure that SpecRec can be accessed by 
existing information systems and made com-
patible with other repositories. 

Another feature of SpecRec is the possibil-
ity for users (if they consent) to mark which 
spectral archives are of interest to them; thus 
opening up the possibility of sub-groups and 
communities all working on one particular 
data-set.

5. Future Work

One key part of the overall project is to scan the 
preselected photographic plates and produce 
data-sets. For this purpose, a new device is be-
ing built which will automate the process. This 
will increase the speed of processing through 
automation. It is hoped this tool will be used 
more extensively by other repositories for the 
same purpose. When it is ready we would like 
to gain valuable feedback from teachers/edu-
cators and amateur clubs. 

Another feature could be an internet forum in 
which professional astronomers give advice to 
students and amateurs on how to analyse their 
data and overcome problems when doing so. 
The hope is that by providing an internet meet-
ing-place, greater facilitation between educa-
tors, students, amateurs and professionals can 
occur.
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Abstract

Solar analemma is one of the most elegant 
celestial observations for a primitive ob-
server. However, the shape and size of the 
analemma also teaches us a lot about pa-
rameters of the Earth’s motion around the  
Sun. I present a small “Geogebra” applet 
which is used to teach analemma to Astronomy 
Olympiad participants. 

This applet assumes that equation of time 
(EoT) is just sum of two sine functions. The 
applet allows users to vary various input pa-
rameters and see their effect on the shape of 
the analemma or on the EoT curve. More such 
applets can be built using intrinsic capabilities 
of Geogebra and can be used to teach difficult 
concepts in Astronomy. 

Keywords

Analemma, Geogebra, Use of ICT.

1. Introduction

Since the birth of human civilisation, people 
have looked at the sky and wondered about 
motion of celestial bodies. First we probably 
noticed passage of all the bodies from east to 
west then we noticed  exact paths of the Sun 
and the Moon. Neolithic groups started align-
ing mammoth rocks to track motion of the Sun 
and then they started noticing more subtle ef-
fects like north-south movement of the sunrise 

/ sunset point and different lengths of the day 
during summer and winter. 

Celestial coordinate systems developed in 
ancient Greece account for all these motions. 
However, there are other smaller effects, which 
probably were noticed only after independent 
timekeeping devices such as sand-glasses. An-
alemma is one such curious effect. 

Even in modern context, analemma is a phe-
nomenon, which is simple to describe but dif-
ficult to explain. Simply put, if an Observer 
sets his / her wide angle camera at a fixed spot 
for an entire year and keep clicking image of 
the Sun at exactly same civil time with a gap 
of fixed number of days, he/she will notice the 
positions of the Sun trace a shape resembling 
Roman numeral ‘8’. This shape is famously 
known as Analemma of the Sun. Alternatively, 
Analemma can also be obtained by tracing tip 
of the shadow of a gnomon round the year at a 
fixed civil time every day.

  Figure 1. Analemma captured by astro-photographer Anthony 
Ayiomamtis from Athens, Greece [1]

Using Geogebra to teach analemma  

Aniket Sule
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2. Understanding Analemma

Analemma of the Sun is caused by two pecu-
liarities of the Earth’s motion. Firstly, as the 
Earth’s axis is tilted with respect to the nor-
mal to it’s orbital plane by about 23.5 degrees 
(e), the declination of the Sun keeps changing 
over the year. This primarily results in vertical 
displacement of the Sun in the analemma. The 
elliptic orbit of the Earth means that the Earth's 
orbital speed keeps changing at every point 
with it being fastest at the perihelion and slow-
est at the aphelion. This primarily accounts for 
width of the analemma.

Exact shape size and inclination of the ana-
lemma will thus depend on a number of pa-
rameters involved directly or indirectly in indi-
vidual phenomena above and the way they get 
coupled to produce final “Equation of Time” 
(EoT). To get correct shape of analemma, one 
needs to specify inclination of the Earth's axis 
(e), eccentricity of the Earth's orbit (e), ecliptic 
longitude of the perihelion (lp) and day num-
ber of the vernal equinox (Ng) as the global 
parameters and latitude of the observer and 
hour angle of the Sun as the observer specific 
parameters. For example, in Fig. 1, the left an-
alemma is captured at local noon and the right 
one is captured for the same location at early 
evening.

The EoT as shown in Fig. 2 (black line) tells us 
how much earlier or later as compared to the 
“expected time of local noon” (i.e. culmination 
of the mean Sun) the Sun would culminate on 
any given day. It is an asymmetric curve and it 
is responsible for width of the analemma.

It is not possible to analytically obtain exact 
EoT curve. Usually values for EoT are com-
puted numerically for each day and the curve 
is plotted using these values. Alternatively, ap-
proximate analytical solutions can be obtained 
for very small eccentricities and EoT is plotted 
using this approximate solution.

Figure 2. Equation of time (black line) and individual contributions by 
ellipticity (blue line) and inclination (red line)

One of the possible ways of approximating the 
EoT is to view EoT as summation of two in-
dependent sine curves. Fig. 2 shows these two 
sine curves. The red line is resulting from in-
clination of the earth’s axis and the blue line is 
resulting from elliptic orbit of the earth.

3. Analemma using Geogebra

3.1 Geogebra

Geogebra [2] is an open-source software de-
veloped by M. Hohenwarter from J. Kepler 
University, Linz, Austria and his team. It is 
available for different OS platforms including 
Linux, Mac and Windows. In very few years, it 
has become preferred tool of educators world-
wide. In the Wikipedia [3] pages, Geogebra is 
the primary tool for drawing mathematical fig-
ures and graphs. It is available in more than 50 
languages worldwide and there active online 
community of users who provide support for 
new members.

3.2 Two sine curve approximation

One can derive expressions for both the sine 
curves by mere examination of their shapes as 
seen in Fig. 2. For example, if one takes red 
curve, it is evident that it has a period of exactly 
half a year, it’s zero phase point coincides with 
the equinox dates and its amplitude is about 
10 minutes. For the blue curve, the period is 
one year, phase zero corresponds to aphelion 
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point (July 2) and its amplitude is about 8.25 
minutes. Using this information, we construct 
the two curves as follows:

Here P is number of days in a year, w is num-
ber of minutes in a day, N is number of days 
since start of the year, Nlp is day number of 
perihelion point and Ng is the day number of 
the Vernal Equinox point. The EoT is then ob-
tained simply by adding E1 and E2.

3.3 Insertion into Geogebra

These equations can directly go as input func-
tions in Geogebra. It can then show final EoT 
graph. One can change value of these param-
eters by hand and see how shape of EoT curve 
varies.

One can also convert the information about 
declination and EoT to angular coordinates on 
the surface of sphere to plot position of the sun 
in the sky. One can obtain declination by

Using this, we can define coordinates of the 
Sun as 

Here f is latitude, E is EoT in hours and H is 
hour angle. One can then vary N and get posi-
tion of the Sun on different days.

All this mathematics can also be done using 
a calculator or a spreadsheet. However, the 
applet designed tries to take a generalised ap-
proach. This is the true strength of Geogebra. 
Instead of fixing some value for each of the 

input parameters, all parameters (P, w, N, Nlp, 
Ng, f and H) are introduced as sliders on top 
right of the panel. This helps user to change 
any one parameter or a combination of these 
interactively and see its effect on EoT in an 
animated manner. Similarly, Geogebra has an 
inbuilt feature to let any parameter on slider 
span its entire domain as an animation and 
show output. Thus, if we fix other parameters 
and set animation of N, we can see the point 
(Sun) tracing the shape of analemma directly.

Figure 3. Analemma generated by the Geogebra applet, with H=0, f 
=0 and other parameters similar to the Earth.

3.4 Validity of the approximation

The approximation used is valid for sufficient-
ly wide range of input parameters. Obviously, 
it will break down for very high eccentricities. 
Also crude conversion of EoT to plane of the 
sky starts distorting the shape at sufficiently 
high hour angle.

For an Earth like scenario, error in EoT as 
compared to the accurate numerical solutions 
is less than 15 seconds on all days. In percent-
age terms, it amounts to less than 4% on all 
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days except when EoT values are close to zero 
(i.e. the mean Sun nearly matches with the true 
Sun)

4. Introducing the applet to the 
students

The topic of Analemma has covered regularly 
in the training programme of Indian National 
Astronomy Olympiad. It was typically intro-
duced through equations and explanations.  
Most common feedback received from the stu-
dents in all these years was that this particular 
topic was difficult to visualise and many were 
not able to grasp the concept clearly. The Geo-
gebra applet was first created in 2012 and has 
been used in last 2 training camps.  This applet 
was demonstrated after initial introduction of 
the concept of analemma. We found that stu-
dent interest in understanding the principle be-
hind analemma increased drastically once they 
were able to visualise the EoT and analemma 
through this applet. They were able to answer 
questions about analemma with different pa-
rameters with more ease.

The domain of parameters included in this ap-
plet allows us to tweak them to get different 
shapes of analemma like “teardrop analemma” 
(as would be the case on the Mars). Going 
back and forth between analemma locus and 
EoT curve allows students to see for them-
selves exactly which changes in the shape of 
EoT curve would result in fundamental change 
in the shape of analemma. After some trial and 
error, students start predicting the shape of an-
alemma for a given set of parameters and they 
feel immensely happy when their predictions 
are correctly fulfilled.

After the experience of  these two camps, au-
thor has uploaded this applet [4] on the internet 
and hopes that more students will benefit from 
using the applet.

5. Outlook

Author hopes to create more such applets for 
astronomy specific situations like orbital mo-
tion, precession of stars, Ptolemic model of the 
Universe etc.
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Abstract

The project “Sun for All” originally funded by 
“Ciência Viva” in 2005, has as its main objec-
tive the promotion of Astronomy in different 
levels of education. It focuses on the explo-
ration of the properties of the Sun using the 
spoils of spectroheliograms of the Astronomi-
cal Observatory of the University of Coimbra 
(which includes more than 30000 observations 
collected sine 1926) and the electronic infra-
structures – as Salsa J. The project “Sun for 
All” allows students from all over the world 
to work with real solar images and accomplish 
scientific results. Teachers and students are 
asked to apply activities in the classroom or 
make their own and share on “Discover The 
Cosmos” webpage. These activities require the 
interaction of students with the solar database, 
available at the Observatory of Coimbra’s 
website. In this paper we present the project 
and describe its recent developments.

Keywords

Astronomy , Sun, spectroheliograms, Obser-
vatory, University of Coimbra, electronic in-
frastructures.

1. Introduction

The project “Sun for All” (hereafter Sun4all - 
www.mat.uc.pt/sun4all) was started in 2005 at 
the Astronomical Observatory of the Univer-
sity of Coimbra, hereafter Observatory, funded 
by the “Agência Nacional Ciência Viva” (ref. 
2005 117/18). The aim is to promote Science 
in general and Astronomy in particular, in 
schools. The collaborative work between the 
scientific community, teachers and students 
allows exploring the different scientific re-
sources in the classroom: research tools, sci-
entific software, simulations, visualization and 
databases. The educational activities, enriched 
using these tools, may promote the scientific 
method in school, motivating students for a ca-
reer in science.

The basis of this project is the collection of 
over 30000 images of the Sun (spectrohelio-
grams) existing at the Observatory as a result 
of work of astronomers during more than 80 
years. The daily solar observations began in 
1926 [1], figure 1.

“Sun4all” – Scientific tool for 
classroom to help to discover the 

cosmos
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a)

b)

Figure 1: Spectroheliograms from the Astronomical Observatory 
of the University of Coimbra, a) photographic (06/09/2001; b) CCD 
camera (06/09/2011).

The images between 1926 and 2007 (acquired 
using the traditional photographic methodol-
ogy) were digitized and they will be soon at 
the new website from the Astronomical Obser-
vatory of the University of Coimbra. Images 
since 2008 (acquired using a CCD camera [2]) 
are daily uploaded in a web database under a 
collaboration between the Observatory and 
the Observatory of Meudon - Paris: http://

bass2000.obspm.fr/home.php .

As said above Sun4all was born in Portugal 
and had his first phase of dissemination and 
implementation during the period 2005 - 2011, 
mostly in primary and secondary schools in 
Portugal.

Since 2007/2008 Sun4all is included in the 
EU-Hands on Universe (http://www.euhou.
net/). On the other hand Sun4all appear on the 
report “Europlanet Best Practice Guide. Out-
reach Activities Aimed at Schools and Teach-
ers” [3].

In 2012 Sun4all start a second phase of de-
velopment. Firtly Sun4all joined the FP7 
project “Discover The Cosmos” (http://www.
discoverthecosmos.eu/), which has as its main 
objective the promotion of Astronomy in dif-
ferent levels of education and achievement 
and sharing lesson plans from teachers. Also 
during 2012 Sun4all received again financial 
support from “Ciência Viva” by means of the 
initiative “Escolher Ciência” (Choose Science 
- (http://www.cienciaviva.pt/escolherciencia/), 
devoted no national high schools. We, so, cre-
ate the “Sun is really for all”. Very recently 
Sun4all was contacted in order to collaborate 
with the FP7 project “Socientize” (http://www.
socientize.eu/), devoted to the citizen science.

2. “Sun for all” – The beginning

In the beginning of this project the idea was 
to get available the scientific data in digital 
format via web and to propose a set of activi-
ties that enable the use of the solar images in 
order to introduce to the scientific method and 
research, having the Sun as a motivation. The 
particularly goals were:

• The promotion of Astronomy in different 
stages of education;

• Exploring the properties of the Sun using the 
spectroheliograms;
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• Promoting (in schools) a set of activities, that 
can be used by different areas such as Math-
ematics, Physics, Biology and Informatics;

• Participation in a global effort to count the 
sunspots in all set of images.

This project is divided here in nine activities 
and it´s organized and adapted to different dis-
ciplines and academic levels:

• Counting sunspots in all spectroheliograms;

• Determination of the radius of the earth, by 
the observation of the Sun;

• Counting sunspots in different days in order 
to check the variation;

• Cycle of 11 years (in sunspots and in other 
solar activity features: plages, filaments, etc.);

• Movie of solar rotation;

• Solar activity features versus climatic indi-
ces;

• Determination of the dimensions of a promi-
nence;

• Determination of the period of solar rotation.

The activity of the sunspot count assumes 
a main role in this project as it has not been 
possible (until now) to count the sunspots for 
all spectroheliograms. We are convinced that 
the collaboration of students, teachers and the 
general public will be able to count sunspots 
ans, so, to contribute to the analysis of the en-
tire collection (in a few years). The counting 
method is simple, explained in the Sun4all 
site, and each image (and counting) is “vali-
dated”, only after being treated by different 
people. This count can be made “by-hand” or 
using the software open source Salsa J (http://
www.euhou.net/index.php/salsaj-software-
mainmenu-9), figure 2.

 

Figure 2: Example of the sunspot counting activity using the 
software Salsa J.

All the information about the activities (guide-
lines of the activities, documents to support its 
implementation, a forum for sharing ideas and 
the publication of results) can be found at the 
Sun4all webpage. On the other hand the proj-
ect offers the possibility to help (in person or 
by video-conference) the activities implemen-
tation. In collaboration with the Mathematics 
Department of the University of Coimbra it 
also possible to share with schools the exhibi-
tion “The observation of the Sun”, figure 3.

There is also a facebook that provides a possi-
bility of immediate contact with those teachers 
and students that want to share ideas or obtain 
information: https://www.facebook.com/sol.
paratodos.OAUC .
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Figure 3: Exibition “The observation of the Sun” 

During the first phase of the project reaches 
more than 500 students and 25 schools in Por-
tugal (including Madeira e Azores islands) – 
see the webpage of the project and [4,5,6].

3. Discover The Cosmos – 
European Project

With the aim to reach more students and teach-
ers (in particularly outside Portugal), the proj-
ect Sun4all had the opportunity to be part of 
the european project “Discover The Cosmos”, 
which has as main objective the promotion 
of Astronomy in different levels of education 
. This project aims to help teachers to create 
lesson plans on Astronomy, with the use of vir-
tual tools that enables the research and the sci-
entific method, according to the methodology 
of Inquiry Based Science Education (IBSE). 
Project “Discover The Cosmos” include 15 
partners (of 8 European countries + USA) and 
aims the creation of a roadmap of educational 
activities (lesson plans) which contain all the 
necessary information (in different languages) 
to be able to be reproduced by teachers. This 
documentation will be a reference for stake-
holders - educational research, teachers, stu-
dents, educational decision makers, etc. The 
participation in this European project was an 
opportunity of Sun4all at the international 
level: http://portal.discoverthecosmos.eu/en/
node/192573, figure 4.

Figura 4: “Sun for all” on the portal Discover The Cosmos.

On the other hand this association also con-
tributed to greater dissemination and imple-
mentation of the project at national level, by 
the interaction with different schools. In this 
context we would like to point out a national 
competition involving students and teachers: 
“Mini Congresso Solar”. This contest, orga-
nized in collaboration with NUCLIO (http://
nuclio.org/), was based on the application, 
manipulation or reproduction of spectrohelio-
grams obtained during April 2013, with goal to 
build an activity achievable in the classroom 
and presented in the form of lesson plan. Three 
applications were presented (the photos cor-
responds to the presentation made by the stu-
dents in the Observatory, 9th June 2013):

• “Determinação do Período de Rotação So-
lar por análise digital de vídeo” (Solar period 
determination using a digital video) - Escola 
Secundária Adolfo Portela, Águeda, figure 5;

• “Animação de uma mancha solar” (Anima-
tion of sunspot) - Escola Secundária de Loulé, 
figure 6;

• “Pequenos/grandes divulgadores de Ciência” 
(Young science communicators) Escola Básica 
Infante D. Henrique – Repeses, Viseu, figure 7.
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Figure 5: Students from the Escola Secundária Adolfo Portela, 
Águeda, during the presentation of their work.

Figure 6: Students from the Escola Secundária de Loulé, during the 
presentation of their work.

Figure 7: Students from the Escola Básica Infante D. Henrique – 
Repeses, Viseu, during the presentation of their work.

The involvement of teachers, students and 
families in this contest revealed the impor-
tance of these kinds of activities in order to put 
in contact schools scientific, community and 
the general public. The students were very en-

thusiastic and the presented works revealed a 
structure IBSE.

4. “O Sol é mesmo para todos” 
(The Sun is really for all) – the 

suite of Sun4all at national level

Motivated by these results, we create a new 
project “The Sun is really for all” that aims to 
continue the objective of Sun4all during the 
academic years 2012/2013 and 2013/2014, for 
high school students. This project is funded by 
“Ciência Viva” in framework of the national 
project “Choose Science”. It is proposed to 
develop activities in Astronomy with focus 
directly on a group of teachers in order to in-
crease the number of activities involved.

Moreover, this is a project that will allow a 
closer contact between Astronomy and teach-
ers. We point out that, traditionally, teachers 
reveals difficulties in this area due to lack of 
scientific training. For this reason teachers are 
involved in the project’s team. Consequent-
ly, schools are also involved. These teachers 
and their classes will receive in their schools 
a member of the research team of the Obser-
vatory. They also can bring the students to a 
visit to the Observatory. The visit includes the 
museology collection, the spectroheliograph, 
the Schmidt–Cassegrain telescope observa-
tions and the planetarium session (telescope 
and planetarium will be available at the end of 
2013). The costs are undertaken by the proj-
ect. On the other hand the teacher’s members 
of the project team will promote the project 
to other colleagues in neighborhood schools, 
performing at least one of the proposed activi-
ties on the Sun4all website. The activities will 
be documented in small reports delivered by 
teachers. This project includes 14 high schools 
all over the country (figure 8) and 29 teachers. 
So we intend to work directly with about 700 
students. Indirectly the project can reach over 
a thousand students.
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The project has been in place since six months 
and has already been implemented in two 
schools. They received already the visit from 
the research team for a lectures (Figure 9 and 
10) and an activity in the classroom with the 
Salsa J software (Figure11).

Οverall, three schools have already visited 
the Observatory. The remaining schools have 
scheduled the visit for the first period of the 
school year 2013/2014 (September-Decem-
ber), figures 12-14.

Figure 8: Location of the schools, partenrs of the project “O Sol é 
mesmo para Todos”.

Figure 9: Lecture at the Escola Secundária de Olhão.

Figura 10: Lecture at the Escola Secundária de Loulé

Figure 11: Activity with the software Salsa J at Escola Secundária de 
Olhão

Figure 12: Students of Colégio da Imaculada Conceição (Cernache – 
Coimbra) visiting the Observatory
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Figure 13: Students of Escola Secundária da Gafanha da Nazaré 
visiting the Observatory

Figure 14: Students of Externato da Benedita (Caldas da Rainha) 
visiting the Observatory

5. Final words

In this paper we describe an on-going project 
named “Sun for all” that, since 2005, with dif-
ferent approches and methodologies (eg. part-
nership with projects and institutions) aims to 
promote science in general and Astronomy in 
particular, among students and schools. Since 
then the project has been implemeted in sever-
al national and international schools reaching 
more than 1000 students. This project (and its 
results) has been frequently present in national 
and international confereences. The monitor-
ization of the project and its dissemination is 
constantly updated on the site Sun4all (www.
mat.uc.pt/sun4all). All the information are also 

available on facebook Astronomical Observa-
tory of the University of Coimbra (www.face-
book.com/ObservatorioAstronomicoDaUni-
versidadeDeCoimbra).
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Abstract

The Education and Public Outreach (EPO) 
team for the NASA Kepler Mission have de-
veloped several astronomy teaching resources 
that are available for free through the Kepler 
website (kepler.nasa.gov).  We introduce an 
interactive (Kepler Transit Hunt), a demon-
stration (Orrery Model for the Transit Meth-
od of Planet Discovery), software for making 
a webcam or computer camera into a simple 
light sensor, galleries of graphics and movies, 
and classroom activities including “Transit 
Tracks” and “Human Orrery.”  In the extend-
ed mission for Kepler, funding permitting, we 
plan to create an online teacher workshop that 
would be useful for teachers interested in be-
coming familiar with and using Kepler EPO 
educational materials. In addition, we exam-
ine various options for remote professional 
learning communities (PLCs) of teachers and 
results from another NASA project: Lifelines 
for High School Climate Change Education. 
That project aimed at establishing PLCs of 
teachers and best methods of conducting meet-
ings remotely and communicating with Inter-
net-based tools.

Keywords

exoplanet, orrery, transit.

1. Introduction

The Kepler Mission is a NASA Discovery Pro-
gram for detecting potentially life-supporting 
planets around other stars. Kepler uses the 
transit method of planet finding: detecting the 
minuscule drop in brightness of a star when a 
planet passes in front of it. To detect an Earth-
size planet, the Kepler photometer must be 
able to sense a drop in brightness of only 1/100 
of a percent. This is akin to sensing the drop in 
brightness of a car’s headlight when a fruitfly 
moves in front of it! It employs a 0.95-meter 
diameter telescope with a field of view a bit 
over 10 degrees square (and area of sky the 
size of about two open hands). It continuously 
and simultaneously monitors brightnesses of 
over 100,000 stars brighter than 14th mag-
nitude in the constellations Cygnus & Lyrae. 
Kepler was launched in March 2009 and has 
collected data through March of 2013.

The Education and Public Outreach (EPO) 
team for the NASA Kepler Mission have de-

NASA Kepler Activities and Remote 
Astronomy Meeting Techniques

Alan Gould
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veloped several astronomy teaching resources 
that are available for free through the Kepler 
website (kepler.nasa.gov).

2. Kepler Exoplanet Transit Hunt

In this web-based interactive exercise, the 
user picks stars from a simulated star field, 
records brightness data, makes measurements 
of planet orbital period (the horizontal spacing 
of drops in brightness) and do calculations to 
determine planet characteristics including size, 
distance from star (using Kepler’s Third Law), 
and estimated temperature of the planet. [1] 
Visit kepler.nasa.gov/multimedia/Interactives/
keplerFlashAdvDiscovery/

Figure 1. Opening screen of the Kepler Exoplanet Transit Hunt shows 
a star field and invites the user to select a star to investigate.

3. An Orrery Model for the Transit 
Method of Exoplanet Discovery

The Kepler Mission Education team has pro-
duced table top models demonstrating the 
principle of how Kepler finds extrasolar plan-
ets by the transit method. In general, such a 
demonstration model includes:

i. An orrery (model star-planet system with a 
light or white ball as a model star and one or 
more planets orbiting). The 1st orrery we cre-
ated was one made of LEGO parts. Later, an 

orrery was created for one of the investigations 
in the middle school Planetary Science course 
from the Full Option Science System (FOSS). 
[2] That one is commercially available (Fig. 
2).

ii. Light sensor (model Kepler photometer 
which can be a commercial light sensor such 
as those purchasable from companies such 
as Vernier and Pasco). We have also created 
free software to turn a webcam or your laptop 
camera into a “light sensor” as described in the 
next section.

iii. Computer interface (model Deep Space 
Network, connecting the light sensor with the 
computer)

iv. Computer graphic software (model Kepler 
Science Office, used to display data graphi-
cally for analysis)

This demonstration is especially effective for 
students not very experienced with graphs, 
since a real-time graph is generated before 
their eyes, directly connected with a real-time 
phenomenon (model planet transits) happen-
ing at the same time before their eyes. 

Full description and instructions can be found 
at kepler.nasa.gov/education/ModelsandSimu-
lations/LegoOrrery/.[3]

Figure 2. Commercially available FOSS orrery.
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4. Light Grapher Software

LightGrapher is a Flash applet that turns your 
webcam or built-in computer camera into a 
makeshift light sensor to display graphically 
the brightness of a model star (a lightbulb 
or even light-colored ball). When a [darker-
colored] planet passes in front of the star, the 
brightness drops and a dip in the graph occurs. 
The software receives real-time data from the 
external webcam or internal computer camera. 
It may be run either directly from this page or 
downloaded and run locally in your browser. 
LightGrapher is available free from the Kepler 
website:

kepler.nasa.gov/education/ModelsandSimula-
tions/lightgrapher/ [4]

5. Classroom Activity:  
Transit Tracks

The Transit Tracks classroom activity has stu-
dents

• understanding what a transit is and the condi-
tions when a transit may be seen

• describing how a planet’s size and distance 
from its star affects the behavior of transits

• interpreting graphs of brightness vs time to 
deduce information about planet-star systems.

On the Kepler website [5]

(http://kepler.nasa.gov/education/activities/
transitTracks/) there are teacher instructions, 
photocopy masters for Transit Light Curves, 
Option Math for Transit Tracks, Kepler’s 3rd 
Law graphs, cube root tables, an account of 
Jeremiah Horrocks’ 1639 observation of the 
transit of Venus, and an answer key for the 
Transit Tracks Light Curves.

Figure 3. Light curves from Kepler data. Students measure orbital 
period, distance from the star, and size (from depth of transit).

6. Classroom Activity:  
Human Orrery

Human Orrery is part of the GEMS Space Sci-
ence Sequence (Session 3.10) published in 
2008 [6]. Students lay out and act out a kin-
esthetic model of the solar system in 3 dimen-
sions: 2 of space and one of time. Each piece of 
tape shown in Fig. 4 is a “step” in the orbit of a 
planet representing a 2 week movement along 
the orbit line. Student volunteers act as the Sun 
and the inner planets, with the rest of the class 
timing the steps by some simple organized 
group clapping and/or chanting “2 weeks, 2 
weeks, 2 weeks ….” The relative speeds of the 
planets quickly becomes apparent. Teacher in-
structions (PDF) are at http://kepler.nasa.gov/
education/activities/gr68/ 
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If rope circles are used, the circumferences 
needed are 

3.64 m for Mercury (tape pieces 61 cm apart), 

6.78 m for Venus (tape pieces 42 cm apart), 

9.42 m for Earth (tape pieces 36 cm apart),

14.3 m for Mars (tape pieces 29 cm apart)

Figure 4. Layout diagram of the Human Orrery. 

7. Kepler Star Wheels

The 2013 edition of the Kepler Star Wheels 
shows where in the sky Kepler is pointing. It 
also has sky positions of 17 naked-eye stars 
(brighter than magnitude 5) known to have 
exoplanets. It may be considered part of a 
set with Uncle Al’s Hands-On Universe Star 
Wheels. 

At http://kepler.nasa.gov/education/star-
wheel/, there is master for photocopy and as-
sembly instructions. Two wheels are included: 
one with coordinate grid for plotting additional 
exoplanet stars and one without grid for clean-
er simpler look - easier to read. There are two 
holders: one for latitudes 30°-50° and one for 
latitudes 50°-70°. 

A set of questions to ask students when us-
ing starwheels is in the investigation Using 
Starmaps from the Hands-On Universe book 
A Changing Cosmos. [7] The 2011 version 
Kepler Star Wheel has over 60 stars with exo-
planets marked (down to magnitude 6).

Figure 5. The green circles on the Kepler Star Wheels are stars brighter 
than magnitude 5 known to have exoplanets. The small grid pattern in 
the Cygnus-Lyra area is the Kepler target region.

8. Media Resources

At http://kepler.nasa.gov/multimedia/, there 
are galleries of graphics and movies, including 
Kepler discoveries, animations of the Kepler 
launch, artists’ conceptions of planets, etc.
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9. Professional Learning 
Communities Through Remote 

Communication

In the EPO plan for the Kepler extended mis-
sion is an element to create an online teacher 
workshop on Kepler EPO educational mate-
rials. We are using lessons learned in NASA 
project that was focussed on setting up remote 
professional learning communities (PLCs) of 
teachers and results from another: Lifelines for 
High School Climate Change Education. Two 
goals of that project were:

• Establish high school teacher professional 
learning communities (PLCs) to share ideas & 
identify best ways to include climate change 
education in their courses.

• Identify best strategies for distance-meetings.

In summer of 2010 we created a project staff 
Google Site Work Area that first became an 
experiment in group website work during the 
US-Hands-On Universe 2010 Conference. Par-
ticipants created their own pages with items of 
interest to the group, including presentations. 
Things could go up on the site practically in 
real time. The experiment was successful and 
constitutes proceedings of most of the HOU 
2010 conference.

By Sep 2010, we had recruited 20 teacher 
leaders for the Lifelines project though an on-
line Google Docs Spreadsheet application. We 
created a Leaders website in Google Sites in 
Sep 2010 (https://sites.google.com/a/berkeley.
edu/lifelines/) with:

• Photo Name Tags—participant photos for 
reference during meetings.  
• Meeting notes taken live during the meetings. 
• Web pages for each Leader.  
• “How To” area with tips on “How to make 
an online application form in Google Docs,” 
“How to make a Google Site for a PLC,” 

“Guidelines for successful Skype sessions.”  
One lesson all the leaders quickly learned: 
teachers have very little free time, so getting 
participation in a PLC on a volunteer basis or 
even for a modest stipend is difficult.  Teach-
ing schedules do not accommodate time for 
teachers to communicate and share with one 
another. 

9.1 Communication Tools

Live Remote Meeting
Platforms (synchronous)

• Adobe Connect (commercial)
• Bluejean (free videoconference system 
allowing various inputs)
• Elluminate (commercial)
• Google Hangout (free)
• JoinMe (free service for desktop/screen
sharing via Internet)
• ReadyTalk (commercial)
• Skype (free)
• Webex (commercial)
• Wiggio (free)

Late in the project Google Hangout became 
available and it seems to be quite promising as 
a platform for live remote PLC meetings. Au-
dio and video quality is generally good. Get-
ting participants organized for a Google Hang-
out start up is not trivial, but once everyone 
becomes familiar, it may be viable. 

Asynchronous Communication Tools:

• Google Docs (text docs & spreadsheets)
• Google Sites (free websites)
• E-mail lists
• University/district e-mail/listservs
• Google Groups
• Yahoo! Groups

We found that Google Docs and Google Sites 
are very simple and easy to use. Since they 
are free they are great tools for cash-strapped 
schools.  In this project we created quick tips 
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for PLC leaders on using the Google tools to 
serve the PLCs.  Those tips are on the Lead-
ers’ site (https://sites.google.com/a/berkeley.
edu/lifelines/communication-tools/google-
site-tips). The Google Sites are  great collab-
orative workspaces for Leaders and for their 
PLCs. Meeting notes can be taken live during 
meetings.

9.2 Sharing Ideas and Resources

A Course outlines website was established 
(https://sites.google.com/a/berkeley.edu/lifeli-
nescourses/) for teachers to share course ideas. 
By Dec 2011, 22 teachers posted their course 
outlines there.  

An excellent series of speakers were lined up 
throughout this project and recordings of their 
presentations are on this web page: https://
sites.google.com/a/globalsystemsscience.org/
courses-lifelines/presentations-mtgs.

Resources for climate change education were 
gathered throughout the project and are com-
piled on these web pages:

• Activities

https://sites.google.com/a/globalsystemss-
cience.org/courses-lifelines/teaching-resourc-
es/activities

•Information

https://sites.google.com/a/globalsystemss-
cience.org/courses-lifelines/teaching-resourc-
es/information

•Multimedia – 

https://sites.google.com/a/globalsystemss-
cience.org/courses-lifelines/teaching-resourc-
es/multimedia

9.3 Good Practices for Remote Meetings

Set goals—it’s helpful to have some kind of 
clearly defined goal(s). 

9.3.1 Leaders

A leader/facilitator is essential. Teachers, 
swamped with teaching duties, cannot often 
devote adequate time for this. Our most suc-
cessful PLCs were not led by active teachers:

• a retired teacher who had time and interest in 
this effort ended up leading a few of our PLCs, 
not just one.  

• a district coordinator was one of our most 
successful Leaders and organized 3 PLCs.

The Leaders of the Detroit MI PLC, summa-
rized some tips for success of a PLC:

• Have regular meeting times

• Have assignments/projects for participants

• Have round robins; each person say things

• Have partner to help lead

For some PLC members, especially just start-
ing up in a PLC, their technology savvy is not 
up to speed. The Leader needs technological 
expertise and willingness to do some “hand-
holding” for getting tech-newbies going with 
whatever platform and programs are being 
used.

9.3.2 Asynchronous Participation

Here are ideas for asynchronous participation 
generated at one of our Leaders meetings:

• brief report on a climate activity they tried 
out in their classroom

• analysis of a climate activity, even if they 
have not tried it out.

• posting a syllabus of their course, indicating 
precisely where climate activities or climate 
resources are used

• book review on a climate-related book they 
read

• posting link to an interesting article on cli-
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mate-related subject

• e-mail discussion/thread on particular sub-
jects

For a PLC not focussed on climate change, 
substitute the actual PLC subject for “climate” 
in the above points.

9.3.3 Live Remote Meetings

E-mail communication is vital, but voice has 
distinct communication advantages and voice 
plus visual information (via desktop sharing) 
is even better, as evidenced by an especially 
successful meeting we held in September 2012 
in which every participant was made a “pre-
senter” able to share their desktops. 

About meeting times, having up front a really 
clear date and time to meet makes a big dif-
ference. Have a regular meeting time, so that 
members can plan their time. It’s especially 
difficult to find  a time for everyone to meet 
when participants are in 4 different timezones.   
Multiple meetings may be needed for that. 
This is not so much a problem for local or re-
gional PLCs.

In preparation for a live remote meeting, have 
at least two announcements: one week(s) in 
advance and another a day before. Maybe even 
one an hour before the meeting.

Audio Etiquette is important. A really ba-
sic rule for all remote meetings: participants 
should mute their microphones unless they in-
tend to speak. However, this also means they 
must remember to unmute when they want to 
say something.

Sometimes it’s hard to “get a word in edge-
wise” because no one can see visual cues 
about intending or wanting to speak.  So it’s 
best to be especially on guard for avoiding cut-
ting someone off or jumping in talking before 
someone has finished what they want to say.  
This is tricky because some people just speak 

faster than others and will dive right into a 
very short pause in a slower person’s speech.

Share the microphone. Several Leaders no-
ticed that their best responses came when ev-
eryone was given a turn to speak during the 
PLC.  This meant having one or two times in a 
meeting for a set of “round robin” responses. A 
round-robin early in the meeting sets the tone 
for everyone to realize that they can contribute 
to the conversation.

Consider making recordings. In recording 
meetings and presentations, at least with the 
ReadyTalk system, if there is a lot of action 
going on in the screen (other than just chang-
ing of slides), and/or if the presenter is using 
a large monitor, the recording can generate a 
very large file very fast. This can be a prob-
lem in terms of posting in an archive.  Fast on-
screen action should be minimized. Show only 
short movies if any.

For the sake of archiving, it can be advanta-
geous to break recordings into time segments 
of 10-20 minutes or less, 30 minutes max. Of 
course it’s easiest just to let the recorder run 
throughout the whole meeting.  If the Leader 
or a participant has time, they can snip the re-
cording up before posting. The advantage is 
that PLC members who did not make the meet-
ing can listen to part or all of the meeting in 
bite-size portions, or only to parts that interest 
them, if the clips are labelled by subject.

Use Desktop Sharing wisely. Often a presenter 
or participant will want to point something us-
ing a cursor.  It’s important to remember that 
in remote systems there is a delay, so do not 
move the mouse to fast.  Clicking around and 
jumping from page to page quickly may get 
lost in the Internet delays. 

9.4 Challenges

Two key challenges of the project were:

• Recruiting participants who would actually 
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participate and “show up” for meetings. Even 
knowing their stipends could increase based on 
participation, some teachers, with real interest, 
simply did not have time to make in their busy 
schedules.

• Sustaining the PLCs after grant funding ends. 
This is actually the subject of one of the ques-
tions in our final survey for participants. 

Here is a summary of challenges identified 
from our in-person Leaders meeting at NSTA 
2011 in San Francisco:

• Getting busy people to do “one more thing.”

• Recruitment

• Retention

• Participation

• Sustainability

• Getting the “right” people---those who will 
participate and contribute.

• Getting more than just the PD enthusiasts 
who are very active in PD efforts.

• Determining reasonable, doable requirements

• Setting reasonable expectations.

• Members can’t always make it to live (real 
time) meetings.

• Getting teachers to put up their “stuff” (les-
son plans, techniques…)

Ideal PLC size may fall in the range of 3 to 15.  
Skype may serve adequately up to 10 or so, but 
audio quality could be iffy. Google Hangout 
handles up to 10, with video, fairly good qual-
ity usually. Commercial platforms generally 
handle more participants with higher quality 
audio.

Meet in-person if possible and then meeting 
online goes better. In-person not always pos-
sible, depending on geographical separations.

Having a host institution can be an important 
factor. A PLC that has set structure sanctioned 
by the school district and requiring participa-
tion has a better chance of participation and 
success.  Even then, participation will likely 
be less than 100%.   

Complete report on the Lifelines project is 
posted at http://www.globalsystemsscience.
org/lifelines [8]
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Abstract

Twelve middle and high school teachers from 
eleven different states plus Puerto Rico in the 
USA are creating a Heliophysics Community 
of Practice for formal educators. The objec-
tive of this Community of Practice (CoP) is to 
engage middle and high school teachers, their 
students, and the public in the science of He-
liophysics. 

The CoP is currently coordinated by the NASA 
THEMIS mission Education/Public Outreach 
(E/PO) in collaboration with the NASA Sci-
ence Mission Directorate Heliophysics E/PO 
Forum and the NASA Van Allen Probes E/PO. 

This paper describes the development of the 
CoP including the use of virtual tools used to 
overcome the challenges of bringing teachers 
together across distances and time zones.

Keywords

Community of practice, online education, 
teacher professional development 

1. Introduction

Heliophysics is the study of the Sun and its 
interactions with and effects on the Solar Sys-
tem. NASA’s Heliophysics Science Mission 
Directorate funds research that seeks to answer 
three big questions: What causes the Sun to 
vary? How do the Earth and the Heliosphere 
respond? What are the impacts on humanity? 

Formal education teachers in the United States 
who wish to incorporate Heliophysics content 
into their curriculum have had opportunities 
to participate in NASA-funded professional 
development experiences that allow them to 
interact with NASA Heliophysics researchers 
and mission scientists as well as Education/

Across Space and Time: Creating a 
Community of Practice for Teachers 

Using Virtual Tools

Nancy Alima Ali
University of California Berkeley, Space Sciences Laboratory

7 Gauss Way, MC 7450, Berkeley, CA, 94720-7450, USA
nancy.ali@ssl.berkeley.edu

Andi Nelson
Adler Planetarium, 1300 S. Lake Shore Drive, Chicago, IL, 60605, USA

anelson@adlerplanetarium.org

Dawn Turney
John Hopkins University/Applied Physics Lab

11100 Johns Hopkins Road, Laurel, MD 20723, USA
Dawn.turney@jhuapl.edu



108

e-Infrastructure for an Engaging Science Classroom

Public Outreach specialists. 

The Heliophysics Community of Practice ini-
tiative grows out of previous NASA-funded 
teacher professional development initiatives, 
including the Geomagnetic Event Observa-
tion Network by Students (GEONS) project, 
the Heliophysics Educator Ambassador (HEA) 
project and the Van Allen Probes teacher pro-
fessional development workshops.  

In evaluations and focus groups, teachers in-
volved in these programs had expressed a de-
sire for sustained contact with other teachers, 
scientists and education specialists to support 
their ongoing professional development and 
implementation of Heliophysics education 
in their classrooms (Cornerstone Evaluation, 
2009).

Based on this expressed need, in December 
2012 and January 2013, twelve teachers who 
had previously participated in NASA Helio-
physics E/PO professional development expe-
riences were invited to become Lead Teachers 
of the newly created Heliophysics Community 
of Practice. 

Our vision is to develop an active, collabora-
tive, community of practice that provides for-
mal educators with support and resources for 
teaching Heliophysics. Our goal is to keep 
NASA Science Mission Directorate middle 
and high school educators engaged in teach-
ing Heliophysics in meaningful and effective 
ways.  

2. Community of Practice Design

A community of practice is a group of people 
informally bound together by shared expertise 
and passion for a joint enterprise (Wenger and 
Snyder, 2000). Hallmarks of a community of 
practice include:

Members self-select to be a part of the com-
munity of practice;

Members share their experiences and knowl-
edge in an informal, free-flowing way;

Communities of practice typically have core 
participants whose passion for the topic ener-
gizes the community and who provide leader-
ship;

A large community of practice is often subdi-
vided by geographic region and/or subject mat-
ter to encourage people to actively take part;

Communities of practice are self-perpetuating: 
as they generate knowledge, they reinforce and 
renew themselves.

The design of the Heliophysics Community 
of Practice is based on best practices research 
(Wenger, McDermott & Snyder, 2002; Sherer, 
Shea & Kristensen, 2003; Kirschner & Lai, 
2007), as well as feedback from the Lead 
Teachers themselves.

These teachers were asked to act as Lead 
Teachers for nine months (January – Septem-
ber 2013) by participating in monthly group 
meetings and online interactions to shape the 
development of the Community of Practice. 
Teachers receive a small quarterly honorari-
um for their time and effort in acting as Lead 
Teachers. 

3. Virtual Tools

The original plan was to have a series of 
monthly teleconferences, supplemented by on-
line interactions such as discussion boards, as 
well as a two-day in-person retreat to be held in 
Berkeley, California in June 2013.

The first few Lead Teacher monthly telecon-
ferences were conducted using the pay-per-
minute ReadyTalk (www.readytalk.com) audio 
and web conferencing system. The audio qual-
ity, chat window and online screen sharing fea-
tures of ReadyTalk were sufficient, but at the 
time the platform did not allow for videocon-
ferencing. (Since then, ReadyTalk has added a 
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limited videoconferencing feature.)  

The monthly meetings were supplemented by 
Wiggio (www.wiggio.com), which is a free, 
online platform that includes features such as 
discussion boards, shared calendars and file 
sharing.

Figure 1 Wiggio Screenshot

Due to unexpected changes in NASA funding 
regulations related to E/PO travel, it became 
necessary to change the planned in-person 
meeting to an online, virtual retreat. Recogniz-
ing the need for teachers to see each other dur-
ing this retreat, we began using Zoom (www.
zoom.us) videoconferencing in Spring 2013. 
Zoom offers limited free access which we ini-
tially used to test the system, after which we 
signed up for a plan with a small monthly fee 
that allows for unlimited minutes.  

4. Virtual Retreat

The two-day virtual retreat was held from June 
18-19, 2013. The objectives for the virtual re-
treat were that the Lead Teachers would have 
deepened their experience of the community of 
practice by:

Strengthening connection between community 
members, 

sharing resources and supporting each other in 
teaching Heliophysics, 

expanding their knowledge of current NASA 
Heliophysics research,

and beginning to reflect on what community 
of practice means to them and ideas for future 
expansion. 

The retreat was conducted using a combination 
of small and large group Zoom videoconfer-
encing sessions and offline individual reflec-
tions and response sessions supported by Wig-
gio discussion boards. 

The whole group Zoom sessions included fa-
cilitated discussions about the development of 
the community of practice, presentations by 
scientists and NASA E/PO specialists to pro-
vide updates on the SDO and IRIS missions, 
highlight Heliophysics resources and provide 
content background. 

Figure 2 Zoom Screenshot

Similar to an in-person conference, two ses-
sions included small group breakout meetings 
that ran concurrently. On the first day, teachers 
were assigned to a group and given an assign-
ment to discuss. On the second day, teachers 
were given three choices of breakout sessions 
and were free to chose which they wanted to 
attend. All the small group breakout sessions 
were conducted using Zoom.

Throughout the virtual retreat, notes were tak-
en using Wiggio document-sharing feature so 
that the notes were immediately available to all 
participants. 

At the end of the two-days, the Lead Teach-
ers were asked to complete an online evalua-
tion survey to give their feedback on the virtual 
retreat. 
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5. Challenges and Successes

Before the virtual retreat, the NASA coordina-
tors set up a series of informal, drop-in Zoom 
meetings so that participants could test out how 
Zoom worked for them and trouble-shoot any 
issues. This proved to be invaluable not only 
for addressing the relatively-few technical is-
sues that arose, but also for providing the teach-
ers and coordinators a low-key way to “meet” 
face-to-face, in many cases for the first time. 

Scheduling the virtual retreat whole-group and 
small-group Zoom sessions was challenging 
because the teachers spanned six different time 
zones (from Hawaii Standard Time to Atlan-
tic Standard Time). The willingness of teach-
ers in the earliest and latest time zones to start 
the virtual retreat early in the morning or finish 
the retreat in the evening was critical to finding 
common times to meet. 

Several participants expressed some concern 
about possible fatigue from being in front on 
their computer all day. To address this concern, 
we incorporated plenty of breaks and indi-
vidual time into the agenda, as well as explic-
itly giving participants “permission” to take 
breaks, turn off their webcam and eat as needed 
during the Zoom sessions.  

The online evaluations completed by the Lead 
Teachers indicated that the virtual retreat ex-
perience was a success. Comments about the 
virtual retreat included:

It wasn’t so much what I expected, but rather I 
kept thinking when can we do this again. This 
was absolutely amazing!

This was so successful that it went way beyond 
my expectations. 

[What I found most valuable was] the fel-
lowship of community members sharing their 
knowledge of what and how they teach helio-
physics concepts as well as the presenters who 
taught us about the missions and science they 

are working with.

6. Future Plans 

As of writing this paper in early July 2013, 
there are plans for the Lead Teachers to resume 
their monthly meetings using Zoom, supple-
mented by Wiggio online discussions and file 
sharing. 

Cornerstone Evaluation, an independent eval-
uation company, plans to survey the Lead 
Teachers at the end of their tenure in Fall 2013 
to assess their perceptions of the development 
of the community of practice and preparedness 
to move forward.

Several Lead Teachers have already expressed 
an interest in continuing to be involved in the 
ongoing coordination of the Community of 
Practice. It is our hope that the Heliophysics 
Community of Practice will continue to grow. 
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Abstract

Nightscape photos and time-lapse videos, 
where the Earth and sky are framed together 
with an astronomical purpose, is a growing 
support to astronomy journalists and educa-
tors worldwide. The imagery connects people 
with astronomy using artistic and real scenery 
of familiar landmarks at night. They resonate 
with viewers on an instinctive level and they 
spark the imagination. Familiar landmarks 
provide a context viewers relate to, even among 
city dwellers who have never gazed in wonder 
at the natural starry sky. The World at Night 
(TWAN) program produces and presents the 
world’s most diverse collection of such land-
scape astrophotos.

Keywords

Astrophotography, Earth & Sky Photography, 
Astronomy Communication, Science Journal-
ism, Science and Art, World Heritages, Inter-
national Year of Astronomy 2009 

1. Introduction

Hovering in the Texas twilight, Venus dazzles 
viewers just hours after it’s seen by skygazers 
in Iran. Above the Vatican’s domes, the famil-
iar stars of Ursa Major circle the north pole just 
as they do above the spires of a Buddhist tem-
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ple in China. Above Arizona’s Grand Canyon, 
the magnificent arch of the Milky Way is seen 
on the same night it graces the sky above the 
Himalaya in Nepal. We all live under the same 
peaceful sky, and the familiar views they pro-
vide create a bond between us. 

Initiated in 2007, and presented by UNESCO 
and IAU at the first Special project of the Inter-
national Year of Astronomy 2009, The World 
at Night (TWAN) is a global program creat-
ing a collection of nighttime images and time-
lapse videos of the world’s landmarks against 
the night sky. There is more than beauty cap-
tured in these images – each image also reveals 
a story. The similarity of the night sky above 
diverse cultural and historic landmarks demon-
strates that humanity is one family living on a 
small planet amidst the vast ocean of the Uni-
verse. The author had entertained the idea of 
creating TWAN for years but finally accepted 
the challenge with TWAN as a project in part-
nership with Astronomers Without Borders 
(AWB); a US-based non-profit organization 
that promotes peaceful relations and under-
standing worldwide through a common inter-
est in astronomy. 

2. Bridging to Public

The familiar context of TWAN images, which 
represent mostly naked eye views, add a new 
tool to efforts to popularize astronomy along-
side images and science results from large tele-
scopes. Wide-angle TWAN photos have been 
used by media and astronomy educators world-
wide as they educate viewers on many funda-
mental aspects of practical astronomy such as 
the natural look of sky, constellations, celestial 
motions, and sky events. These images present 
the night sky from various perspectives besides 
astronomy. The night sky appears in the images 
as a heritage for life on this planet, as an essen-
tial part of our nature and not only an astrono-
mer’s laboratory. The images try to reclaim the 
natural beauty of night sky and brings back this 

forgotten element of our nature to modern life 
where 2/3 of human population live under light 
polluted skies where the Milky Way is no lon-
ger visible. 

In this way these landscape astrophotos also 
play a role in increasing awareness of the value 
of dark skies and the growing problem of light 
pollution.  

With TWAN images taken at important cultural 
sites around the world, the connection between 
our many cultures and the night sky through 
history is emphasized, particularly in images 
that include ancient sites of astronomical im-
portance. TWAN is also a bridge between art, 
humanity, and science, with a unique message. 
The eternally peaceful sky looks the same 
above symbols of all nations and regions, at-
testing to the unified nature of Earth and man-
kind. We are all one family under one sky. 

3. TWAN Team

TWAN worldwide team includes 40 photogra-
phers, coordinators, and consultants in about 
30 countries. The invited photographers are the 
world’s best in creating landscape astropho-
tographs that combine the sky with important 
natural, cultural or historic landmarks in well-
planned, real, artistic, and educational image.

Many of TWAN team members are profes-
sional photographers who are living from their 
image contribution to media and publishers but 
they have been connected to astronomy most 
of their life as an amateur astronomer. Some 
TWAN members are professional astronomers 
and astronomy communicators who are also in-
volved and dedicated to night sky photography. 
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In the past years TWAN imagery and the pro-
gram’s wide range of events and workshops has 
dramatically promoted both the hobby and pro-
fession of night sky photography. Since 2009 
one of the major programs in promoting night 
sky photography has been TWAN International 
Earth & Sky Photo Contest (twanight.org/con-
test). The annual contest is open to everyone 
world-wide with free of cost submission and 
valuable photography or astronomical prizes. 
The outstanding winner images receive re-
markable recognition through media coverage 
of the contest. The Earth & Sky Photo Con-
test is a part of the outreach programs during 
the Astronomers Without Borders’ Global As-
tronomy Month in April. The National Optical 
Astronomy Observatory at Kitt Peak is another 
partner of the photo contest. 

4. How we Reach People 

TWAN exhibitions, presentations and educa-
tional workshops have traveled to about 100 

locations in over 30 countries since the project 
started in 2007. But larger number of people 
have visited TWAN website www.twanight.org 
where thousands of the finely selected world 
nightscape images and time lapse videos are 
displayed. The website updates weekly with 
new imagery and also showcases images by 
hundreds of guest photographers from around 
the world (twanight.org/guest). The website 
has received about 15 million visits from about 
200 countries and territories since its launch on 
25 December 2007 and has became the main 
online source for wide-field night sky photos, 
as well the world’s most diverse collection of 
nightscape imagery in general. These capabili-
ties made TWAN website one of the most pop-
ular online astronomy destinations. 

    TWAN also collaborates with media includ-
ing National Geographic News, various TV 
stations and News sources, and popular science 
magazines such as Sky &Telescope to reach 
more people. In the framework of astronomy 
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communication using Earth and Sky photos we 
are also collaborating with various organiza-
tions and individual astronomers and science 
journalists. That includes the International 
Astronomical Union, International Dark Sky 
Association, the European Southern Observa-
tory (ESO), UNESCO’s Astronomy and World 
Heritage Initiative, Dark Sky Awareness Pro-
gram, Galileo Teachers Training Program, and 
Global Hands on Universe. 

5. Challenges

Careful planning and a keen eye honed by 
years of experience go into each unique image. 
Eclipses, conjunctions and celestial surprises 
like bright comets each bring new opportuni-
ties for unique scenes at TWAN locations. Geo-
graphic location, altitude, local topography, 
light pollution and many more factors must be 
considered in preparing for a photo session.

Selection and priority listing of potential sites 
is a challenge itself. UNESCO World Heritage 
Sites are given priority but thousands more re-
gional and local landmarks world must be con-
sidered.

Because photographers must travel to remote 
sites they can still be thwarted by unpredict-
able problems with accessibility, government 
restrictions, political conditions and more. And 
there’s always the weather ready to ruin an 
otherwise perfect session. There are no rules 

for capturing these scenes; each is unique and 
only a practiced eye can find the best balance 
of starlight and foreground illumination. Light 
may come from twilight, moonlight (which 
varies with the Moon’s phase and altitude in the 
sky) or artificial lighting. With too little light 
on foreground objects, stars float unanchored 
above a featureless silhouette.  Too much light 
might cause an ancient structure’s reflected 
glare to wash out the faint glimmer of the stars 
above it. No two situations are alike, and even 
careful planning must be augmented by trial 
and error. All the while, the sky’s motion and 

changes in lighting transform the scene.

   The apparent motions of the sky are often cap-
tured in TWAN images as well. A single night’s 
work reveals streaks left by stars as the Earth’s 
rotation spins the sky above us. The motion of 
planets is captured with exposures on different 
nights, revealing their dance through the sky as 
they orbit the Sun.  Time-lapse photography – 
multiple images recorded throughout the night 
and strung together – creates mesmerizing vid-
eos of cosmic motion. 

The greatest challenge for TWAN in coordinat-
ing image creation in bizarre locations and ex-
hibitions world-wide is financial sources. Na-
tional, regional and local tourism organizations 
associated with designated TWAN sites will be 
approached for travel support for photographer 
visits to those sites. Major corporate sponsor-
ship is also being sought including airlines and 
manufacturers of professional digital photo-
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graphic equipment.

6. The Main Goals Overview

1- Creating better understanding of cultures 
and civilizations under the universal roof of 
night sky, by connecting art, science, and cul-
ture through the gateway of night sky. This also 
aims to show the truly unified nature of Earth 
as a planet rather than an amalgam of human-
designated territories.

2- Introducing night sky as a heritage for life 
on this planet, as an essential part of our na-
ture and not only an astronomer’s laboratory, 
an effort to reclaim the natural beauty of night 
sky, and bring back this forgotten element of 
our nature to modern life. This also increases 
public awareness of dark skies importance and 
increasing problem of light pollution. 

3- Promoting knowledge and interest to astron-
omy by displaying many of the celestial won-
ders and principles of stargazing in the images. 

4- To display the universality of astronomy. In 
the borderless sky political and cultural separa-
tions fades away between nations: One People, 
One Sky. 
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Abstract

This is a report on the current situation and 
problems of astronomical education in Japan. 
And this report show the strategy of education 
and outreach of National Astronomical Ob-
servatory of Japan (NAOJ),  specially, distri-
bution of "Diagram of Our Universe" poster, 
educational use of 4D2U content “Mitaka”, in-
troduction of Makali’i, and report of  “You are 
Galileo!” project.

We discuss the science curriculum that has the 
primary purpose of the formation of scientific 
culture all over the world.

Keywords

science curriculum,  outreach program   

1. Τhe Current Situation  in Japan

1.1 IYA2009 and beyond IYA activity

Through the International Year of Astronomy 
2009, The IYA 2009 Japan Committee had 
been holding its own international projects 
supported by IAU, such as ‘You are Galileo! 
’project, ‘Stars of Asia’ project, etc.　And the 
IYA 2009 Japan Committee also did a lot of 
domestic projects. Beyond IYA, Astronomical 
Council of Japan was established on Septem-
ber 9, 2010. Members of this council are the 
Astronomical Society of Japan, NAOJ, JAXA, 
the Japanese Society for Education and Popu-
larization of Astronomy, the Japan Planetarium 
Association (JPA), the Japan Public Astronom-
ical Observatory Society (JAPOS), the Coor-
dinating Committee for Amateur astronomers, 
and the Association of starry sky in Japan. 

1.2 School Education

The new National Curriculum Guideline in Ja-
pan will start in 2012 school season.  Between 
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Observatory of Japan (NAOJ)
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2009-2011 school seasons, Japanese school 
curriculum was in force during a transition pe-
riod. Under the new national curriculum, the 
study about Astronomy will be a little increas-
ing. For example, the waxing and waning of 
the Moon has come back in elementary school 
(in 6th grade). 

1.3 Planetarium

The Nagoya City Science Museum has  estab-
lished the world's biggest planetarium with a 
diameter of 35 meters dome screen in March 
2011. Planetarium industry in Japan is being 
revitalized. Tokyo Sky Tree which is a new 
Landmark Tower in Tokyo also have a big 
planetarium theater. n the other hand, the Inter-
national Festival of Scientific Visualization has 
started from 2010.

1.4 Science Communication

Ministry of Education, Culture, Sports, Sci-
ence and Technology Japan have edited every 
year the White Paper on Science and Technol-
ogy. You can read the white Paper 2009 and 
2010 on the MEXT web site, http://www.mext.
go.jp/english/whitepaper/index.htm .

Now preparing the White Paper on Science and 
Technology 2011, in this paper, you can know 
the policy of Japanese Science and Technology 
after 3.11 2011.

In order to overcome the earthquake East Ja-
pan, the Japanese government promote to Sci-
ence Communication with public. Japanese as-
tronomical community must lead the Science 
Communication in domestic and international 
with IAU ‘Astronomy for the Developing 
World Strategic Plan 2010-2020’. 

2. NAOJ education and outreach 
activities

2.1 History and strategy

Astronomy is one of the oldest and yet most 
active sciences. This means that human beings 
possess the fundamental desire to seek our ori-
gin and the reason for our existence through 
understanding of the universe.

About 350 years ago, it came to be in full-
fledged astronomical observations in Japan, 
was from Asakusa Observatory of the Edo sho-
gunate astronomical way. Through the Tokyo 
Astronomical Observatory era, their jobs being 
passed on to the National Astronomical Obser-
vatory of Japan.

NAOJ is the National Center of astronomy re-
search in Japan. NAOJ established astronomi-
cal information center 16 years ago, we began 
the dissemination of science to children and 
citizens further. Astronomy is so “science of 
all humanity”. 

2.2 International educational & outreach  
activities international

I will introduce some of the educational activi-
ties which NAOJ has been working interna-
tionally.

"Diagram of Our Universe" poster : 

http://www.nao.ac.jp/study/uchuzu2013/
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4D2U project:

 http://4d2u.nao.ac.jp/english/index.html

Mitaka
(A Four-Dimensional Universe Viewer):

http://4d2u.nao.ac.jp/html/program/mitaka/
index_E.html

SUBARU Image Processor Makali`i:

http://makalii.mtk.nao.ac.jp/index.html.en

“You are Galileo!” project 

http://kimigali.jp/index-e.html 
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Abstract

ASAMI – Afterschool Science and Math Inte-
gration. merges core algebra concepts, skills 
and reasoning methods with Hands-On Uni-
verse curricula to engage 12 – 14 year-old 
students in meaningful, inquiry-based science 
investigations. In our 2012 pilot of ASAMI, 14 
students met for 2 hours. twice a week over a 
period of  3 months, at Portola Middle School 
in El Cerrito, California, USA. Although our 
sample was small, the valuation using content 
assessments, interviews, surveys, observations 
and conversations revealed students’ greater 

interest in mathematics and understanding of 
proportions. Furthermore, their proportional 
reasoning skills improved. Future work will 
aim to disseminate and evaluate ASAMI mate-
rials with larger and varying audiences.

Keywords

Astronomy education, science education, 
mathematics education, hands-on learning
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1. Introduction

While the U.S.’s ability to compete in the 
global economy is decreasing and the need 
for more experts in STEM fields is increasing 
dramatically, the number of students pursuing 
and completing STEM degrees is declining[1]. 
One key factor contributing to this decline may 
be students’ poor preparation for, lack of suc-
cess with, and waning interest in mathematics 
and science in middle school (ages 12 – 14) [2] 
[3] [4].

Integrated/interdisciplinary approaches to 
teaching mathematics and science may be 
able to reverse negative trends in students’ 
STEM interest and achievement. Research has 
shown that an interdisciplinary or integrated 
curriculum provides opportunities for more 
relevant, less fragmented, and more stimulat-
ing experiences for learners [2] [5] [6]. This 
paper describes the authors’ efforts to bring 
the principles and promise of project-driven 
STEM inquiry to an afterschool environment 
with fewer restrictions on time and competing 
school activities.

2. ASAMI philosophy 
and activities

The ASAMI pilot program integrated modern 
astrophysics concepts core  mathematics con-
tent in an informal learning environment. At 
the start of ASAMI, we suspected and largely 
confirmed through conversations with stu-
dents, that many them did not like math, had 
difficulty understanding and applying ratios, 
proportion, and linear equations to solve  prob-
lems.   From decades of study of Hands-On 
Universe, we knew that students love doing as-
trophysics, measuring images on the computer, 
engaging in hands-on activities, and making 
their own models of mathematical and physi-
cal situations.  

ASAMI was designed to see if middle-school 

students could learn fundmamental mathemat-
ics concepts within the context of real-world  
astronomy and other activities.  Given the du-
ration of the project (about three months) and 
the short time (four hours each week),  three 
concepts were selected for targeting:  propor-
tionality, ratios and rates, and linear equations..  
Students spent two to six hours, depending on 
progress,  on each activity. Typically, they col-
laborated in  groups of two or three, which is in 
concert with Modeling Instruction guidelines 
[8]. Computers with internet access were sup-
plied by the school. Other technologies were 
gathered at point of need. Student explorations 
were led by a skilled middle school teacher/
Hands-On Universe/Modeling Instruction-
trained expert teacher (Ms. Perazzo) and a UC 
Berkeley undergraduate (Matthew Kay), who 
served as a teaching assistant and mentor.

Because of the short time to prepare, we chose 
topics from field-tested Hands-On Universe 
materials, and employed HOU software .  Un-
like what was done in the HOU project, ASA-
MI leaders devoted special attention to the un-
derlying mathematics concepts and skills and 
how those could be used to model scientific 
phenomena.

The final products of ASAMI include a sylla-
bus, classroom guides and lesson plans (in pro-
cess),. assessment instruments, and, results of 
the evaluation.

3. ASAMI pedagogy – inspired 
by Arizona State University’s 

Modelling Instruction

Modeling Instruction has proven to be one of 
the most reliable pedagogies to improve stu-
dent learning (see, e.g., http://modelinginstruc-
tion.org/).  In the Modeling Instruction peda-
gogical approach, students work in groups of 
three, they voice their preconceptions, collect 
experimental data, build a model in their small 
groups and document their ideas on white-
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boards, and then assemble with their class-
mates (a board meeting) to present their work 
and a classs consensus model.

An example of how we implemented the model 
in ASAMI is shown in the diagram below.

Students are presented with beautiful and 
engaging images and learn Salsa J. Stu-
dents break into groups of 3.

Students get excited about images and im-
age processing. The classroom buzzes!

Students are challenged, to “make a scale 
model of the solar system (with playdoh)” 
– There is no use of real data at this point. 
Students use their existing knowledge to 
make a best-estimate scale model of our 
solar system,

Students measure real sizes of solar sys-
tem objects using Salsa J on their comput-
ers, and then make new models.

All groups meet, share their results, and 
make a “classroom size model.”

Figure 1: Modeling Instruction Pedagogy in Action (2-hour session)

4. ASAMI syllabus and challenge 
questions

The following is a list of the ASAMI Investiga-
tions/Activities. 

4.1. Walk the school campus in steps, and scale 
in Google Maps:  The challenge was to make a 
scale map of the campus, based on their mea-
surements, both by pacing off distances and by 
using Google maps.

4.2. Google maps into Salsa J: Earth/Jupiter 
relationship. The challenge was to start to un-
derstand the scale of the solar system, and use 
the same tools that are within Google Maps on 
solar system objects. 

4.3. Playdoh: Modifying recipes: The chal-

lenge was to make a small batch of Playdoh, 
based on a recipe for a much larger batch. This 
involved scaling between measurement sys-
tems, and using ratios and proportion correctly.

4.4. Create an Earth and Jupiter model from the 
playdoh: Students had to make best guesses at 
the scale size of these objects.

4.5. Incorporate the size of the Sun to the Play-
doh model of Earth and Jupiter. 

4.6. Scale size of objects and distances in the 
solar system: Measure sizes of objects with 
Salsa J, and then create a more accurate model 
of the solar system.

4.7. Formation of the solar system: how and 
why planets are their sizes, in their locations, 
and compare orbit distances.  

4.8. Sunspot and solar flare sizes relative to the 
size of Earth:  How big are solar flares in ki-
lometers? How many Earths could fit into one 
solar flare?

4.9. Moon crater size estimated from the size/
mass of other objects (e.g. stainless steel balls):  
How big is a moon crater, say compared to 
your town or state?

4.10. Candy ratios, compare to constellations 
and star size:  Find the correct size candy to 
represent the correct astronomical objects.

4.11. Paper tape car model and linear equa-
tions:  Using toy electric cars, on level 
ground traveling at constant speed, stu-
dents create and understand the position of 
the cars as a function of time, make graphs 
of the position, and use cars with different 
speeds to create lines with different slopes.  
4.12. Asteroid speed across successive images 
– linear equations. (the asteroids motion over 
short distances is very close linear in pixels/
sec):  Students use similar methods from the 
previous (paper tape/electric car) activity and 
plot asteroid position as a function of time 
across a star field.
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4.13. How many solar systems in (Pillars of 
Creation-Eagle) Nebula or how many galaxies 
across the Hubble Deep field? How big of an 
angle is the Hubble Deep Field?  (area of 2.5 
arc minutes = tennis ball at 100 meters, scale 
down to grain of sand):  If HDF was a football 
field (100 meters), how big would a galaxy be?  
Students use proportion and ratio to understand 
angular and physical size in these beautiful 
Hubble images.

5. ASAMI evaluation 

Rockman et al, a San Francisco-based indepen-
dent evaluation and research firm conducted 
ASAMI’s external evaluation. 

5.1 Methods

The goal of the evaluation was to assess the ef-
fects of students’ participation in ASAMI on 
their attitudes toward mathematics and science 
and their understanding of proportional reason-
ing. To measure these outcomes, evaluators 
developed pre- and post-program content tests 
and surveys. 

The content tests contained five proportional 
reasoning items taken from four sources: (a) 
the California STAR test database [9]; (b) the 
National Assessment of Educational Progress 
(NAEP) item database [10]; (c) the New Eng-
land Common Assessment Program [11]; and 
(d) the Silicon Valley Mathematics Initiative’s 
Mathematics Assessment Collaborative project 
[12].

The attitude surveys included questions about 
students’ past experiences learning mathemat-
ics and science (e.g., “Have you ever attended 
a science camp or special science program?”-- 
“Have you ever had a teacher who made it 
exciting to learn math?”), and items from the 
personal confidence and usefulness subscales 
of the Modified Fennema-Sherman Scale for 
Math and Science [7].

In addition to these pencil-and-paper measures, 

evaluators observed two ASAMI sessions and 
conducted end-of-program student interviews.

5.2 Results

The evaluation was hampered by a delay in 
receiving human subjects approval from UC 
Berkeley’s Internal Review Board and a subse-
quently low return rate for study consent forms. 
Only two students completed the student assent 
and parental consent necessary for inclusion in 
the evaluation. 

The data collected from this year’s program 
provides some very initial proof-of-concept 
evidence of the effects of ASAMI on student 
understanding and attitudes. Since the findings 
come from such a small sample, they must be 
considered extremely tentative and will need to 
be verified with a larger population.

5.2.1 Evidence of student engagement and 
attitudes

Interviews and informal observations suggest 
that students found the ASAMI activities to 
be highly engaging and quite different from 
typical classroom practices. Students worked 
diligently in groups on complex mathematics 
and science problems, persisting on new and 
challenging tasks with the help of their ASAMI 
leaders. During one session, for instance, eval-
uators observed students using SalsaJ software 
to calculate astronomical distances. A group 
of four students sat or stood in front of a com-
puter, with one student running the program 
and others providing assistance. The students 
were so engaged in the activity that they only 
wanted a brief snack break before returning to 
their work. 

The root of ASAMI’s appeal may be its “soft 
sell” approach to mathematics. Rather than 
teaching proportional reasoning as an abstract 
skill, ASAMI embeds it into science problems 
to pique students’ interest. In fact, one student 
described the program as “an astronomy pro-
gram which sneaks in math,” noting she of-
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ten didn’t “realize how much you’re doing it 
{math}” until later. It was only in the hours af-
ter ASAMI that she felt the full impact of what 
she had done: “My brain’s tired. I’ve done too 
much math.” 

Another student praised the ASAMI activities, 
calling them “Math in a fun way.” “You don’t 
know you’re doing math but you are,” she said. 
“I liked how they put the math. They didn’t just 
give you like a paper with math problems and 
say do this. It was in a way where it was math 
but it wasn’t just math, it was something else 
like astronomy.” 

This same student commented that ASAMI was 
very different from her regular math classes: 

“Most of the time now in school the teacher’s 
on the whiteboard, we do problems, we do our 
homework and our work, but it’s nothing like 
this, with measuring, with astronomy, with ra-
tios, you know, it’s not like how they put it. ”

Before ASAMI, she didn’t think that math-
ematics had much to do with one another. “I 
didn’t really think I needed science to do math. 
I just thought science was science and math 
was math and they were two different things.” 
Now that she’s been through the program, she 
wishes that all students could have the same 
experience. 

“By them {math and science} being joined to-
gether it makes it more interesting and more 
fun because you’re not just doing math and 
you’re not just doing science, but you’re doing 
both of them at once. ” 

5.2.2 Evidence of student learning

One student’s pre and post tests represent the 
kind of change in understanding we hope ASA-
MI can produce at scale. 

Figure 2. Problem 3, Pre-Test

Figure 3. Problem 3, Post-Test

On the pre-test (Fig.2), the student solves Prob-
lem 3 by multiplying 8 and 15 (the number 
of minutes for Mike times the number of laps 
for Sam). On the post (Fig. 3) the student has 
constructed a table to diagram the relationship 
between laps and minutes directing her to the 
correct answer.

Figure 4. Problem 4, Post-Test
 

The student whose work is represented in Fig. 
4 didn’t attempt this problem on the pre-test; 
she left the question blank. At the end of 
ASAMI, she answered the problem correctly 
recognizing that the ratio of Earth weight to 
Moon weight was six to one 5.3.

6. Conclusion 

The initial evaluation of ASAMI suggested 
that students found the activities engaging and 
unique. The program seemed to give students a 
new perspective on mathematics, and may have 
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even improved some students’ understand-
ing of ratios and rates, and their proportional 
reasoning skills. From our pilot work, we feel 
that ASAMI can motivate students to learn. 
The question becomes whether they actually 
do and sustain that understanding In the future, 
we plan to examine project work and conduct 
interviews to track students’ mathematical 
reasoning over the course of the program. We 
would also like to follow students over time to 
see what skills and knowledge they retain from 
the program. This research will not only speak 
to ASAMI’s effectiveness, but also contribute 
to the larger body of literature about how best 
to improve middle schoolers’ achievement and 
interest in mathematics and science.

 
7.  Next steps for ASAMI

The content and practice of ASAMI, on a small 
scale, was successful. We will pursue addi-
tional funding and others interested in testing 
the ASAMI model, including those in other 
GHOU nations. 
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Abstract

The development of the Internet has contributed 
to eliminate time and space barriers and to the 
improvement of education. Through the Inter-
net a lot of information and useful content from 
various fields of science have become available 
to the general public. The development of tech-
nology improved the promotion of astronomy 
and made possible for astronomy enthusiasts 
to deal with observational astronomy and as-
tronomy as a science from their homes. In this 
paper the Virtual Telescope Project and on-
line course Introduction to Astronomy on the 
Coursera will be described.

Keywords

Astronomy from the chair, Virtual Telescope, 
Coursera

1. Introduction

As a source of long-term economic growth 
since the industrial revolution, knowledge is 
now emerging as a new „generator of growth“. 
Influenced of information and communication 
technology and application of new knowledge 
accelerates the transformation of modern soci-
eties. Contemporary Economic flows are based 
more on the use of new ideas, information and 
new knowledge and skills and less on mate-
rial resources. Production based on knowledge 
seems „untouchable“, superior and „move-
able“, making it more competitive in the global 
market of products and services. Therefore, the 
economy based on knowledge is the future of 
any society and economy in the world and the 
globalization process.

One of the major products of economy based 
on knowledge, and factor in its further devel-
opment is the Internet. The Internet is an inter-
national network made up of many computer 
networks that is commercial and public. This 
network provides an extremely flexible plat-
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form for sharing informations, because digital 
information can be distributed with the mini-
mum cost to millions of people around the 
world. A large number of people are working in 
science, education, government and businesses 
using the Internet to exchange information or 
execution of transactions with other organiza-
tions around the world.

The possibilities that the Internet provides to 
users are:

1. communication and cooperation
2. access to informations
3. to participation in discussions
4. finding wanted information 
5. finding fun (videos, games...)
6. business transactions [1]
The emergence of the Internet and e-business 
(especially the possibility of performing finan-
cial transactions and the emergence of virtual 
money) led to the appearance of a number of 
new products and services. The emergence of 
the Internet and e-commerce improved the edu-
cational process. The implementation of infor-
mation systems and communication technolo-
gies made   it possible to achieve better results in 
the teaching and scientific research.

The application of modern information and 
communication technologies made it pos-
sible to improve conditions for the promotion 
of astronomy. A large amount of information 
in astronomy is now available online for free. 
There are groups that allow their astronomi-
cal equipment to be used for observing night 
sky and organizing online observation events. 
Amateur astronomers can get involved in the 
implementation of some of the projects called 
Citizen science such as: Galaxy Zoo, Moon 
Zoo and Planet Hunter. Also, it is possible to 
organize seminars and online courses in as-
tronomy, where people all over the world can 
attend classes and do homework, communicate 
with other members of the seminar, as if they 
were actually physically in the classroom. All 

the above can be brought under one name „As-
tronomy from the chair“.

2. Astronomy from the chair

“Astronomy from the chair” is the name for a 
concept where amateur astronomers can deal 
with astronomy from their homes using the 
Internet. This concept includes the possibility 
that an amateur astronomer can: 

1. learn particular astronomical topic accessing 
large knowledge base available on Internet,
2. be involved in space explorations,
3. send observational data and photographs,
4. analyse available data in virtual observato-
ries,
5. perform observations using distant robotised 
telescopes,
6. write and publish papers,
7. discuss in Internet forums,
8. attend on-line courses and seminars (webi-
nars) [2].
This concept is a practical example of the im-
pact and contribution of the Internet in the de-
velopment of new products and services, the 
development of existing and creation of new 
forms of organizations.  It means that the prob-
lems of geographical borders which made in-
ternational cooperation difficult vanished, as 
well as equipment problem (which are inacces-
sible for many individual astronomers due to 
high prices). In this way communication and 
cooperation with professional astronomers is 
also improved.

The concept can be divided into four sections 
depending on the content being offered in:

1. Robotic Observatory
2. Virtual Observatory
3. Online astronomy broadcasting
4. Online courses
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Robotic observatory is defined as an astronom-
ical instrument and detection system that en-
ables efficient observation without the need of 
a person’s physical intervention. In astronomy 
telescope is considered robotic if observations 
can be performed without operator’s interven-
tion on the equipment (even if one has to start 
and finish a monitoring session on it).

Robotic telescopes are complex systems con-
sisting of several subsystems. These subsys-
tems include devices that allow: 1) control of 
the telescope, 2) managing the detector (CCD 
camera often), 3) control of the dome (roof), 4) 
control of the telescope focuser, 5) tracking of 
celestial objects within a few arc seconds to a 
few arc minutes, 6) to avoiding wrapping the 
cord around the mount, 7) obtaining special 
points in the sky (meridian, zenith, celestial 
pole), 8) knowledge of the horizontal limits 
movement of the telescope, 9) initial “parking” 
position of telescope, 10) exposure control and 
camera temperature, 11) filter control, 12) stor-
ing images and their subsequent processing us-
ing the dark frame and flat field, 13) synchro-
nizing movement of the telescope with the sky 
and so on [2].

Thanks to the Internet, robotic telescopes are 
becoming an important element in teaching 
astronomy. They also provide opportunities 
for communication, exchange of data obtained 
by observation and testing of data between re-
search teams. It can be concluded that the Inter-
net is becoming an important tool for dealing 
with astronomy today.

There are many groups that offer the possibility 
of renting a telescope for online observing. One 
of the most successful is the Virtual Telescope 
Project from Italy. More detail of the work of 
this group will be discussed below.

Virtual Observatory is defined as a collection of 
databases and software tools that use the Inter-
net as a platform for scientific research. Virtual 
Observatory consists of data collection, each 
with unique collections of astronomical data, 

software systems, and processing capabilities. 
The main objective is to provide transparency 
and access to data to users worldwide. This al-
lows scientists to discover, access, and analyze 
database. There are many groups of sites on the 
Internet that allow amateur astronomers to take 
advantage of virtual observatories and get in-
volved in scientific research. One example is 
the Zooniverse.

Online broadcasting is part of concept “As-
tronomy from the chair” which gives users the 
opportunity to get directly involved in astro-
nomical observation organized by an amateur 
astronomer from somewhere in the world. All 
that is required is that the emitter connects to 
the Internet and uses one of the available chan-
nels for broadcasting their shots that have been 
recorded using one of the available cameras 
(web camera, DSLR, or CCD). During observ-
ing event, users can communicate with the op-
erator at the telescope, and also with each other. 
One such project is the project “Astronomy 
from an armchair” in Nis.

Online courses are groups of sites and organi-
zations that provide the opportunity to amateur 
astronomers to attend lectures, save and watch 
video materials from lectures, do homework, 
communicate with other seminar participants 
and in that way become familiar with the vari-
ous areas of astronomy. Modern technology 
makes it possible to follow lectures in a virtual 
environment, i.e. via the Internet. Attendants 
can save videos on their computers. Partici-
pants also can get study materials in electronic 
form or use free materials that can be found on 
the Internet (Wikipedia for example). One of 
organizations that organizes these courses in 
astronomy is Coursera.

More detail of the work of the Virtual Tele-
scope Project and  Introduction to Astronomy 
course, which is realized by Coursera will be 
described.
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3. Virtual Telescope Project

Virtual Telescope (VT) project was launched at 
2006. It was one of the first projects that orga-
nized astronomical observations using modern 
information and communication technology. 
The aim of project is to provide access to a 
wide array of professional astronomical equip-
ment to amateur astronomers so that they can 
perform astronomical observations, recording, 
and processing of obtained images.

Astronomical equipment at VT is used for re-
search purposes, but also for the purpose of 
amateur astronomy. The system is adjusted to 
give the best results in terms of photometry but 
can be used for other purposes as well. Also, 
people without any experience with telescopes 
can use equipment with the assistance of staff 
members who are also successful science com-
municators.

VT project uses equipment from Bellatrix 
Observatory, which was founded at 1997 in 
Ceccano (FR) in central Italy. The observa-
tory has two telescopes, the Celestron 14” and 
PlaneWave 17”, both on Paramount ME ro-
botic mount and CCD cameras with supporting 
components. Equipment can be used to observe 
deep sky objects, binary stars, star clusters, 
planets, the Moon, comets, asteroids etc. Soft-
ware packages used in observatory are The Sky 
X, CCD Soft, Iris, IDL and Astrometrica. The 
Observatory occupies a surface of 14m2. [3]

The creator of this project is astrophysicists Dr. 
Gianluca Masi.

The activities organized by the VT project are:

1. Telescope Control  
2. Exclusive public observation events 
3. Public observation events

Besides the opportunity to attend to public ob-
servation events or to take control of the tele-
scopes, familiarizing with the telescope usage. 
Using video posted on YouTube and website 

users in a simple and easy way can learn ho to 
use software and how to perform astrophotog-
raphy with the equipment of Virtual Telescope. 
Also, visitors can learn more about the project, 
past and future events, see a simulation of the 
night sky above the observatory,  learn about 
research and results achieved at VT (observa-
tion and tracking asteroids, variable stars, su-
pernovae, light curves of extrasolar planets, 
gamma-ray bursts). From this year, Virtual 
Telescope will start with research in the field of 
spectroscopy and has already launched a proj-
ect called ViTeSSe for supernovae survey. [4]

During public observing events visitors have 
the opportunity to save images taken during 
event on their computer, and to join the chat. In 
this way, the promotion of astronomy is done 
at the highest level, but also an opportunity for 
astronomers enthusiasts all over the world to 
get to know each other better. 

In addition to online events, Virtual Telescope 
organizes public observing event in Rome reg-
ularly. 

The project has new website at http://www.
virtualtelescope.eu/ since 3rd September 2012, 
while the previous website address of the proj-
ect was http://virtualtelescope.bellatrixobser-
vatory.org/. From September 2012 the project 
site was visited by over 2300000 people world-
wide in more than 200 countries. The larg-
est number of visitors of online event is over 
25.000 people who observed asteroid 1998 
QE2 from more than 137 countries worldwide.

Project activities are regularly promoted us-
ing social networks. Virtual Telescope has two 
groups on Facebook with over 6000 members 
and a Facebook page with 8079 members.

The reasons for the great success of the project 
are:
1. Idea and aim of Project 
2. quality of used technology 
3. Experience and enthusiasm of VT team 
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4. reliable system for remote control of the tele-
scope 
5. form of communication and cooperation 
with visitors
6. modern methods of promotion service (Face-
book, LinkdIn, Twitter, blogs, members ...)

4. Introduction to Astronomy 
course at Coursera

A large number of amateur astronomers around 
the world have a desire to share and expand 
their knowledge of astronomy. This can be 
done by reading professional literature in the 
fields of astronomy, at public lectures and con-
ferences or courses. The Internet provides the 
opportunity for all people worldwide to attend 
these events. One of the groups that organize 
such activities is Coursera.

Coursera is an educational company that part-
ners with the top universities and organizations 
in the world to offer courses online for anyone 
to take, for free. Their technology enables our 
partners to teach millions of students rather 
than hundreds. Coursera team envisions a future 
where everyone has access to a world-class edu-
cation that has so far been available to a select 
few. Aim is to empower people with education 
that will improve their lives, the lives of their 
families, and the communities they live in. [5]

In the field of astronomy Coursera organized 
several interesting courses such as: Galaxies 
and Cosmology, Introduction to Astronomy, 
Confronting The Big Questions: Highlights of 
Modern Astronomy, Analiyzing the Universe, 
etc.. In this paper will be described Introduc-
tion to Astronomy course.

The course was organized in the period from 
27th November to 23rd December 2013. The 
course was held by Prof. Ronen Pleser at Duke 
University, along with his assistant Justin John-
sen. The course was attended by over 5000 
people worldwide, of which over 2100 people 

successfully mastered the subject matter of the 
course and passed with distinction grade. [6]

The aim of the course is to familiarize partici-
pants with astronomy. The areas covered with 
this course are: Positional Astronomy, New-
ton’s Universe, Planets, Stars, Post-Main-Se-
quence Stars, Relativity and Black Holes, Gal-
axies and Cosmology. In order to successfully 
pass the course participants needed high school 
knowledge of mathematics and physics, but for 
those who didn’t have it regularly clarification 
of certain areas and additional literature that 
could be used to overcome these areas were 
provided. 

The main literature was Wikipedia, which is a 
great advantage, because it was available to all 
participants of the course, as well as addition-
al astronomical software and simulations that 
helped to clarify some concepts and phenom-
ena. Software is free for downloading from the 
Internet.

The lectures were organized in the form of 
video clips attached to a website. Participants 
were able to watch the video or to download 
and save video and presentations. Each week 
a homework was given that consisted of math-
ematical and theoretical questions. Some ques-
tions were of multiple choice type and for some 
mathematical and physical calculations were 
required. The system automatically checked 
the results and each participant had 20 attempts 
to complete the homework. The aim was to 
practice and by using method of trial and error 
to learn better elements of astronomy.

During the course several Google Hangouts 
were organized which helped in sharing im-
pressions of the course with organizers and 
thus actively assist in the further development 
of this form of learning.

Website also has a forum where participants 
could discussed about topics specifically re-
lated to the elements of the course, as well as 
topics in general astronomy. The course aims 
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not only to organize lectures, but also to bring 
together groups of people who share similar in-
terest and connect with each other to exchange 
their experiences and knowledge. 

The course has achieved great success and all 
participants who successfully completed the 
course received their certificates for success-
fully completing the course.

5. Conclusion

In this paper we presented the application of 
the Internet in promoting astronomy and ex-
plained a new concept in amateur astronomy 
called “Astronomy from the chair” closer.

Thanks to the rapid development of the Internet 
a new channel for communication and tools for 
people to engage in amateur astronomy is cre-
ated. Based on the above examples we see that 
the Virtual Telescope uses the Internet in the 
proper manner and brought the world of profes-
sional astronomy maximum closer to amateur 
astronomers around the world. Also, the Inter-
net is one of the factors that connect people and 
the emergence of the concept helps to used more 
efficiently astronomy resources. It also allows 
more people to be involved in astronomy and 
actively begin to deal with it. 

By using the Internet it is possible to organize 
online courses in Astronomy. One of these is 
the Introduction to Astronomy organized by 
Coursera organization and prof. Ronen Ple-
ser. Modern technology has made it possible 
for people from all around the world to attend 
these courses. It allows unlimited communica-
tion with people around the world who share 
the same interest via forum and chat, presence 
at lectures, solving of specific tasks and prob-
lems, as well as the simultaneous verification of 
results. Internet makes it possible to efficiently 
master the matter, because studies have shown 
that the man could remember about 20% of 
the data if they had only heard it, 40% if they 
had seen and heard, and 75% if they had seen, 

heard, and actively used.  We hope that further 
development of this type of technology will 
improve the promotion of astronomy and ways 
of dealing with astronomy, but the further de-
velopment of this concept will be based also on 
the enthusiasm and energy of the promoters of 
astronomy such as Gianluca Masi from Virtual 
Telescope and Ronen Pleser professor at Duke 
University who have their will for astronomy 
successfully transferred to thousands of other 
astronomers enthusiasts.
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Abstract

We have developed a series of astronomical ac-
tivities and tools specifically designed to help 
when teaching or communicating Astronomy 
to people with different kinds of disabilities. 
In particular, we will consider materials for 
people with cognitive disabilities, motor dis-
abilities and vision impairments. We will pres-
ent our most recent project: “A Touch of the 
Universe”, a kit for the visually impaired. We 
would like also to note that all these materi-
als are useful in regular astronomical activi-
ties, as they can help anyone by enhancing the 
learning process, regardless of their particular 
abilities.

Keywords

Astronomy, educational material, special needs 
audiences.

1. Introduction

Since 2003 our group has been developing 
astronomical outreach activities for groups of 
people with different disabilities. Here we will 

present a short description of the different tools 
we have created so far. The ones related to the 
International Year of Astronomy 2009 (IYA 
2009) can be found in [1].

2. Interactive talks for public with 
cognitive disabilities

These were the first activities we developed 
and they were mainly short powerpoint presen-
tations and hands-on activities related to those.

 One of the presentations is mainly about as-
tronomical images and the physical senses, and 
it is to be watched with sensorial stimula,  the 
public touching cold, warm, soft things accord-
ing to the presentation: touch ice when show-
ing Europa’s surface, or a baloon with warm 
water when showing Venus images. In this way 
thay make a connection between tha images 
and what they feel, smell or touch.

A second one is a trip from the Sun to the 
Cosmic Microwave Background, with images 
from the spaceships that travelled to the vari-
ous planets. These two presentations are better 
shown with some relaxing music.

Astronomical activities for all
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A third presentation is about a trip to the Moon 
and which means of transport one needs to get 
there. A few persons in the public are given a 
picture of different vehicles which they will be 
told later to append on a large poster for discus-
sion. 

Figure 1. Building cardboard sundials and constellations with 
luminiscent stars.

Along with the presentations we also organise 
some hands-on activities related to the topic 
covered. They include building a cardboard 
sundial, drawing constellations with luminis-
cent stars or building an astronomical mobile, 
depending on the abilities of each person and 
the topic of the presentation. 

                                   
Figure 2. Ladies showing their impressions about the life cicle of the 
stars

Finally, we also created another talk, “The life 
of the Stars”, in which the cicle of life of three 
different stars is told, from their formation in a 
protostellar cloud, to its final death, in an ex-

plosion, or quietly. The participants were told 
to make some drawings about the life of the 
stars, at the talk’s midpoint. Those were lately 
used to make a book for people with cognitive 
problems [2]. Participants were also invited to 
observe the nearest of stars, the Sun. 

Figure 3. Observing the Sun

3. Open source software for people 
with motor disabilities

Some people have motor problems, like those 
suffering from cerebral palsy or brain injury. 
Even speaking can be difficult for these per-
sons. 

A way to establish communication with the ex-
ternal world is through the use of a computer 
attached to the wheelchair, with a special soft-
ware. The existent codes are not open source 
and have standard settings, so they cannot be 
adapted to the special characteristics of each 
person.



139

DISCOVER THE COSMOS CONFERENCE

We have developed an easy-to-adapt open 
source software - “Astroadapt” - as an alterna-
tive to the regular market codes. In addition, 
our software includes astronomical contents in 
order to make astronomy more accessible to 
this group of people.

Figure 4. Astroadapt: screen capture. 
The boxes are sequentially enhanced in colour. 

Figure 5. Astroadapt: screen capture. When the user presses any key 
on the computer, the enhanced box is enlarged and a short explanation 
of the picture is provided.

The software is on a multilingual platform, 
easy to translate into other languages. One can 
select the scan speed, colours, fonts, etc., ac-
cording to the user preferences. It can save and 
reproduce sound files, and automatically read 
the texts.

4. Activities for people with visual 
impairments

Astronomy is a highly visual science, but there 
are ways to make it accesible to a visually im-
paired public. Here are some of the projects we 
developed in this field.

4.1 The Sky at Your Fingertips

Back in 2000, the Astronomical Observatory 
of Padova had the wonderful idea of creating 
a web page about astronomical concepts that 
could be read by the computer voice proces-
sor, along with figures specially designed to be 
printed in relief [3].

On occasion of the IYA2009, the site was re-
newed and we translated the web page into 
Spanish and printed a book with their contents, 
that was sent to different blind organizations, 
libraries and universities.

Figure 6. The Sky at Your Fingertips website (top) and the book in an 
exhibition at the University of Puerto Rico (bottom).

4.2 The Sky in Your Hands: a planetarium 
show for the visually impaired

Based on a previous experience by Sebastian 
Musso in Argentina, we wrote an original script, 
and every constellation or object was linked to 
its own sound effect. The soundtrack has seven 
channels and in this way we can have the sound 
of a particular object coming from the position 
on the dome where it is being projected. 

We also designed a tactile hemisphere with 
constellations engraved in a way such that the 
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person holding it could touch the shape of the 
constellation and follow the script throughout 
the sky (see Figure 4). For this we used differ-
ent sizes of ``stars” and kinds of lines engraved 
on the spheres.

Therefore, we needed two narrators, one for the 
Astronomy program, the other one to guide the 
public through the half-sphere so they could 
find the sequence of objects that were explained 
in the program.

The show has been shown so far at planetaria 
in Valencia, Porto and Lisbon and some other 
small venues, like inflatable planetaria. It has 
been recently translated into English too and 
we are open to more people who wish to trans-
late it into their own language.

Figure 7. Premiere of the planetarium show “The Sky in Your Hands” 
at the Hemisfèric theatre in Valencia.

The hemisphere has been selected to make part 
of the IYA 2009 Legacy collection at the Mu-
seum of Sciences in London

.

Figure 8. Half-sphere for the planetarium show “The Sky in Your 
Hands”.

4.3 A tactile experience of the Moon

The Moon is, together with the Sun, the very 
first astronomical object that we experience in 
our life. As this is an exclusively visual experi-
ence, people with visual impairments need to 
follow a different path to experience it too. We 
have designed and tested a tactile 3D Moon 
sphere whose goal is to reproduce on a tactile 
support the experience of observing the Moon 
visually. 

We have used imaging data obtained by 
NASA’s mission Clementine, along with free 
image processing and 3D rendering software. 
This method is also useful to produce other ar-
tifacts that can be employed in the communica-
tion of astronomy to all kinds of public.

Our goal was that of conveying the visual 
impression that we have when looking at 
the Moon. We did not look for a mere topo-
graphical representation. Therefore, we build a 
model in which visual features were enhanced 
(regardless their real relief, like crater rays), 
smoothing out less important features for the 
sake of clarity. We associated a Braille letter to 
a selected number of terrain accidents, and an 
acompanying document in Braille lets the user 
know what does each letter stand for.

The North pole has been marked by a ‘T’, 
and the vertical line of this ‘T’ is pointing to 
the near side of the Moon. A meridian marks 
the separation between the near and far sides. 
The South pole is marked by a smooth cap.

Figure 9. Tactile moon (left) 
and the document with the 
moon’s map legend (right).
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We made the Moon in an easy to share format 
to make the model available worldwide - a 
standard 3D printing format “stl” that we can 
easily send anywhere.

As this was a completely new project, we con-
ducted several tests before coming up with the 
final design. The tests were carried out all over 
the world by Gloria Maria Isidro (University 
of Puerto Rico, Puerto Rico), Raquel Rodrigo 
and Maria Jose Espinaco (University of Valen-
cia, Spain), Deirdre Kelleghan (Astronomers 
without Borders, Ireland), Sebastian Musso 
(Centro de Estudios Astronomicos, Argentina), 
M. Mani (AID-India), Virgina Mello Alves 
(Brazil), Peggy Walker (Astronomers without 
Borders, USA), Emilio Garcia Caro (Instituto 
de Astrofisica de Andalucia, Spain), Caterina 
Boccato (Osservatorio Astronomico di Padova, 
Italy), Monica Sperandio and Stefano Sandrelli 
(Osservatorio Astronomico di Brera, Italy).

A more detailed description of the project can 
be found in [4].

Figure 10. Tactile moon testing in India. Screen capture from the 
VideoTube video “3D Moon Journey for Visually challenged...!” by 
Makkal Sevagan.

The tactile Moon project for the blind has been 
funded partially by the 2011 Europlanet Out-
reach Funding Scheme and FECYT.

4.4 “A Touch of the Universe” 

In 2012 we were awarded some funds from 
the International Astronomical Union’s Office 
of Astronomy for Development to create a kit 
of educational astronomical materials for blind 

children that was to be delivered to educators 
in developing countries. So, the “A Touch of 
the Universe” project was born [5].

Our goal is to produce 30 kits for the non-profit 
“A Touch of The Universe” project under the 
framework of Universal Design of Learning 
(UDL) and distribute them among educators 
and teachers in underdeveloped countries in the 
Americas, Asia and Africa. We seek to help chil-
dren and young adults in these countries to learn 
about astronomy, specially if they are visually 
impaired.  Our mission is to alleviate the lack of 
inclusive educational materials in these regions.

The kit contains several items: (1) Half-sphere 
and soundtrack of the planetarium show “The 
Sky in Your Hands”  (2) Tactile moon (3) 
Booklet with activities to be carried out with 
the half-sphere and the tactile moon (in Braille 
and normal print) (4) 30 sets of “From Earth 
to the Universe (FETTU)” tactile Braille prints  
(5) Book in Braille about the Moon, in Spanish 
and English, “The Little Moon Phase Book”, 
by Noreen Grice.

Figure 11. Some of the materials included in the “A Touch of the 
Universe” kit: Chandra’s braille prints, half-sphere with constellations 
and tactile Moon.

The project is funded and/or supported by the 
IAU, Astronomical Observatoy of the Uni-
versity of Valencia, Universe Awarness (UN-
AWE), European Union, Galileo Teachers 
Training Program (GTTP), Astronomers with-
out Borders (AWB), Osservatorio Astronomi-
co di Brera  and Osservatorio Astronomico di 
Padova (both INAF centres), the Astronomical 
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Spanish Society (SEA), EurAstro, the Galileo 
Mobile project, and the Chandra X-ray Obser-
vatory (NASA).

5. The future

We have recently won an ESA challenge on 3D 
printing with a tactile model of Mars. The prize 
was a tactile printer, and we expect to start us-
ing it soon, to 3D print this Mars globe. 

6. Conclusions

We have developed and used different tools to 
reach a number of publics with various special 
needs. Appart from the Braille texts, all these 
materials can be used to support the learning 
in any kind of audience: the goal is to produce 
materials that can be used by a wider range of 
publics, accessible in differet ways simultane-
ously.

We also seek to help educators who might not 
have had any previous experience with this 
kinds of public, or who lack educational re-
sources of this type. All materials here outlined 
have been created under a Creative Commons 
license and  are freely available to download 
from the Astronomical Observatory of the Uni-
versity of Valencia webpage (http://observato-
ri.uv.es) or upon request to amelia.ortiz@uv.es.

7. Acknowledgements

The IAY2009 projects were carried out thanks 
to two grants from the Fundanción Española 
para la Ciencia y la Tecnología (FECyT), under 
projects FCT-08-0638 and FCT-09-216, and 
funding from the ALHAMBRA project and the 
University of Valencia.

A. Ortiz-Gil, F. Ballesterso Roselló and A. 
Fernandez-Soto acknowledge financial support 
from the Ministerio de Economia y Competi-
tividad under project AYA2010-22111-C03-02.

8. References (and Notes)

[1] Ortiz-Gil, A., Gomez Collado, M., Marti-
nez Núñez, S., Blay, P., Guirado, J.C., Gallego 
Calvente, A.T., Lanzara, M. : Communicating 
Astronomy to Special Needs Audiences. Com-
municating Astronomy with the Public (CAP) 
Journal, 2011, 11,12-15.

[2] Blay, P. and Núñez, S. 2012: La vida de las 
estrellas. Nau Llibres.

[3] Benacchio, L., Dall’Igna,E., Nobili, L., 
2000. Giornale di Astronomia, 2, 27

[4] Ortiz-Gil, A., Fernández-Soto, A., Ball-
esteros Roselló, F., Moya, M.J., Lanzara, M : 
Tocar la Luna. AstronomiA, 2012, 160, 22-26.

[5] “A Touch of the Universe”, 2013: http://
astrokit.uv.es  



143

DISCOVER THE COSMOS CONFERENCE

Abstract

The Mississippi Academy for Science Teach-
ing (MAST) is a professional development, and 
undergraduate teacher scholarship program, 
that prepares teachers from under-performing 
high-schools to teach physical science. This 
program initially was funded by Mississippi 
Department of Education for 4-8 grade teach-
ers and then evolved to a program for 9-12 
grade teachers with funding from National 
Science Foundations. Our primary goal is to 
improve teacher content knowledge, teaching 
efficacy, and, ultimately, improve student con-
tent knowledge and attitudes toward science. 
Rockman Et al the program’s external evalua-
tor designed a framework to evaluate the pro-
gram after determining the program’s logic and 
underlying program theory of change. 

Keywords

Professional Development, STEBI

1. Introduction

This document presents the findings of the Na-
tional Science Foundation funded professional 

development program for high school teachers 
of the physical sciences, the Mississippi Acad-
emy for Science Teaching (Project MAST). 
Project MAST is currently providing services 
to its fifth cohort of 60 teachers. Data for this 
study were collected from members of the third 
cohort in 2011-2012. Project MAST’s profes-
sional development program is intensive and 
content-driven. Teachers attend a three week 
summer institute consisting of day long work-
shops at the university where Project MAST is 
based. They return during the academic year for 
five Saturday workshops. Workshop sessions 
are guided by the state curriculum framework 
for physics, chemistry, Earth and space science. 
Numerous content and pedagogy experts from 
a variety of academic and scientific institutions 
conduct the workshops. In addition to work-
shop instruction, participants receive lab equip-
ment worth approximately $2000 and three 
classroom support visits during the academic 
year. One visit brings an inflatable planetarium 
to each participating school. Another provides 
students with a workshop on using iPods to ac-
cess science related podcasts. The third visit 
provides each teacher with feedback on her/his 
implementation of a lesson plan introduced in 
the Project MAST workshops. The mixture of 
content, various instructors and workshop top-
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ics makes teacher implementation of program 
activities complex.            

Desimone [1] argues that core features of pro-
cessional development such as content focus 
and collective participation lead to increases 
in teacher knowledge, changes in attitudes and 
finally to changes in teacher practice and stu-
dent learning. The path from professional de-
velopment to outcomes is mediated by various 
contextual factors including teacher and school 
characteristics and district policies. Project 
MAST evaluation capture quantitative changes 
in attitude, teacher efficacy and teacher and 
student content knowledge. It also provides 
description, analysis and interpretation of how 
the intense activities of the summer and fall 
workshops are translated into actual teaching 
practice and how the local context facilitates or 
impedes this translation [2]. Given that there is 
some quantitative evidence indicating positive 
trends in teacher content knowledge, efficacy 
and attitudes towards science teaching. 

2. Data Analysis, Quantitative 
Outcomes and Annual Benchmarks

This section lists the impact benchmarks that 
were evaluated during the third year of the proj-
ect and provides evidence that each benchmark 
was or was not met. This evidence comes from 
five data sources: (a) teacher pre and post sur-
veys; (b) teacher pre and post lesson plans; (c) 
teacher pre and post science content tests; (d) 
administrator surveys; (e) student pre and post 
surveys; (f) student science content data. In this 
document only (a) and (b) have been analyzed. 

2.1 Teacher Outcomes

Evaluators measured teachers’ efficacy for 
teaching and learning science using surveys 
that combined internally-developed items with 
scales from published instruments. They con-
structed three sets of items to measure teachers’ 
confidence around the following MAST-specif-

ic outcomes: (a) their knowledge of physical 
science subjects; (b) their ability to teach phys-
ical science subjects; and (c) ability to imple-
ment pedagogical strategies covered in MAST 
(e.g., integrating technology, differentiating 
curriculum). They also used items from the two 
subscales from [3] Riggs and Enoch’s’ Science 
Teaching Efficacy Beliefs Instrument (STEBI) 
in order to measure (a) the “Personal Science 
Teaching Efficacy Belief” and (b) “Science 
Teaching Outcome Expectancy” scale. The 
former scale focuses on teachers’ efficacy for 
personal behaviors, while the latter scale as-
sesses teachers’ efficacy for influencing student 
behaviors. During the first year of the project, 
evaluators selected items with the highest load-
ings on each STEBI subscale rather than giving 
teachers the entire measure. This was done to 
reduce the number of items given to partici-
pants and mitigate survey fatigue.

There is strong evidence that Project MAST 
enhances teachers’ confidence in their ability to 
teach science subjects, teachers’ confidence in 
their knowledge of science subjects, as well as 
teaching efficacy. Summary findings for each 
of the two subscales will be presented in turn.

2.1.1 MAST-Specific Efficacy Outcomes

Teachers’ confidence in their knowledge of 
physics/physical science, earth science, chem-
istry and astronomy/space science was greater 
on the post survey, with most feeling at least 
somewhat confident by the end of MAST. 
While teachers felt the least confident about 
their astronomy knowledge, even on the post 
survey, this was also the subject area with the 
greatest pre-post gains. A paired-samples t-test 
was conducted to evaluate teachers’ confidence 
in science content knowledge. Mean scores 
for teachers’ confidence in their knowledge of 
physics/physical science, earth science, astron-
omy and chemistry all showed statistically sig-
nificant gains from pre to post. These findings 
are a clear indication that the MAST workshops 
are increasing teacher confidence with regards 
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to science content.

Teachers’ confidence in their ability to teach all 
four science subjects was greater on the post 
survey, with most feeling at least somewhat 
confident. A paired-samples t-test was con-
ducted to examine changes in teachers’ ability 
to teach science. Gains in teachers’ confidence 
teaching chemistry increased the most, show-
ing small but significant gains. Gains in con-
fidence teaching physics and astronomy were 
also significant.

Teachers also reported significant gains in their 
confidence using pedagogical strategies that 
they had learned in MAST. A paired-samples t-
test indicated significant pre-post gains, as well 
as a small effect size.

2.1.2 Science Teacher Efficacy Beliefs In-
strument Results

The STEBI instrument gives a more global 
picture of science teacher self-efficacy than the 
program-specific measures. Items for the Per-
sonal Science Teaching Efficacy Belief con-
struct were scaled (a = 0.83). A paired-samples 
t-test indicated significant gains when pre and 
post scores were compared.

The Cronbach’s alpha for the five items from 
the “Science Teaching Outcome Expectancy” 
(STOE) was low (a = 0.51), so pre-post means 
were compared for individual items instead of 
scaling these items together. Most items from 
this scale showed slight losses from pre to post; 
no changes were significant.

Evidence of improvements in teacher practices 
comes primarily from two sources: (a) a sur-
vey administered at the end of the school year, 
and (b) lesson plans submitted at the beginning 
and end of the MAST program. Collectively, 
the data replicates previous evaluation findings 
by documenting the ways in which teachers are 
using the materials and strategies they learned 
in MAST to enhance their science teaching.

2.1.2.1 Survey Analysis

As in previous years, most if not all teachers 
reported using MAST materials and pedagogi-
cal strategies in the subjects they teach. Sixty 
percent of teachers responded that they used 
at least some of the materials they received in 
MAST from all four subject areas (physics, as-
tronomy, chemistry and earth science) to which 
they were exposed. Across subject areas, al-
most all teachers most frequently reported us-
ing at least some of the physics and chemistry 
materials. About a third of the teachers didn’t 
use the astronomy or earth science materials 
at all. Teachers either kept the unused MAST 
materials in anticipation of a future need, or 
shared the items with others in their school who 
were covering the standards the materials were 
designed to address.

Teachers also reported implementing the peda-
gogical strategies they had learned in MAST 
and sharing ideas with fellow teachers (Fig. 1). 
Inquiry strategies topped the list, with nearly 
all teachers reporting doing it, but techniques 
for differentiating instruction managing the 
classroom and assessing learning had also been 
incorporated into teachers’ repertoires.

Figure 1. What Kinds of MAST Instructional Strategies Have You Used 
and/or Shared This Year? (N=41)*

*Note: Teachers could select more than one answer.

Why were MAST activities and ideas so wide-
ly used? Teachers’ impressions of the materi-
als provide some answers. Respondents agreed 
that the activities were at an appropriate level 
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of difficulty for their students and were re-
ceived in a timely fashion. There was greater 
disagreement among teachers about whether 
they had enough activities to teach all of their 
standards in a hands-on manner.

In order to implement the MAST materials and 
activities with greater ease, teachers would have 
liked to have received more materials (e.g., 
class sets) and had more time during school to 
plan for how to use them. A few teachers sug-
gested adaptations to the MAST professional 
development that would have facilitated later 
activity implementation.

2.1.2.2 Lesson Plan Analysis

An examination of teachers’ lesson plans al-
lowed evaluators to capture evidence of 
changes in practice beyond self-report. At the 
beginning of the summer professional develop-
ment, Project MAST participants were asked to 
submit a typical science lesson they had taught 
in the past year. Teachers received a list of six 
physical science topics from which they could 
choose: periodic table; matter – (substances / 
atoms/ molecules/ compounds); force, motion 
and/or Newton’s Laws; electricity and magne-
tism; rocks, minerals, and fossils; or solar sys-
tem. They were asked to select their own topic 
if they did not teach any of the listed subjects. 

Teachers received a template, instructions and 
an example to ensure that their plans contained 
information about: (a) the objectives and stan-
dards they covered; (b) the materials they used 
and procedure they followed; (c) any strategies 
they used for differentiated instruction, assess-
ment and extension; and (d) personal reflec-
tions on the strengths of the lesson and areas 
for improvement. They resubmitted those les-
son plans – preferably on the same topic if they 
taught it that year - after their MAST training 
was completed. If the teachers had not taught 
that same lesson, they were asked to submit a 
plan on any of the six physical science topics 
listed previously. The post lesson plan template 
was identical to the pre, except for one addi-

tional question about what (if anything) teach-
ers had changed in their lessons as a result of 
their participation in Project MAST.

The 41 teachers who completed Project MAST 
in 2011-2012 submitted 17 lessons that covered 
the same topic pre and post, and 12 lessons that 
covered different topics. The total of 29 lessons 
was nearly twice the number of pre-post lesson 
plans received the previous year (15 pairs from 
32 teachers). Most lessons came from physical 
science classes, but four came from biology 
courses in which teachers covered chemistry 
topics (e.g., the periodic table). Seven addi-
tional teachers submitted the exact same les-
son plan pre and post, having made no changes 
to the information, including their reflections 
or even the date when the lesson was taught. 
Evaluators assumed that these teachers had not 
followed instructions (as opposed to having not 
changed the lesson when they taught it to their 
students that year) and excluded their lesson 
plans from the analysis.

Evaluators studied the lesson plans for evi-
dence of changes in: (a) Big Ideas, (b) mate-
rials used, and (c) pedagogical strategies em-
ployed. Results differentiate between lesson 
plans on the same and different topics because 
the levels of inference vary between the two. 
Evaluators could compare the lesson plans on 
the same topic directly and identify differences. 
For the lesson plans on different topics, how-
ever, evaluators had to rely on teachers’ self-
reports of changes substantiated by evidence in 
the lesson. For instance, if the teacher claimed 
she had modified her approach to assigning stu-
dents to small groups, there had to be informa-
tion about group assignment in order for evalu-
ators to give credit for that change having taken 
place. The lesson plans on different topics con-
sequently required more inference from the 
evaluators and are therefore a somewhat less 
reliable data source. With that in mind, they 
are still included in the analysis as examples of 
the kinds of changes that teachers say they are 
making in their science teaching practices.
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About three-quarters of the post lesson plans 
displayed at least one change aligned with the 
content of Project MAST’s professional devel-
opment. Nearly a third of the post lessons dem-
onstrated the application of a MAST activity, 
while an additional 20 per cent of lessons added 
a non-MAST hands-on activity where none had 
been before. Some teachers acknowledged this 
change by adding state inquiry standards to the 
list of Big Ideas they intended to cover. Finally, 
a quarter of teachers added cooperative groups, 
usually by changing a teacher-led lecture to a 
student-driven exploration activity.

In their post lesson plan reflections, teachers re-
vealed additional improvements they wanted to 
make to their teaching. One-third wanted to add 
more hands-on activities or refine existing ones, 
while nearly the same number struggled with 
how to teach specific science and math content. 
Still other teachers wanted to better target their 
lessons to the needs of specific learners (e.g., 
students with low reading levels).

3. Evaluation Findings

This section describes the implementation and 
effects of Project MAST with its third cohort 
of teachers. Project MAST is primarily in-
tended to improve teacher content knowledge 
and teaching efficacy in high school physics, 
chemistry, earth science, and space science 
classrooms. It is also intended to improve the 
students’ content knowledge and efficacy for 
learning science. The project is designed to 
achieve these outcomes through: (a) two grad-
uate level courses in physical and space sci-
ence content and pedagogy, (b) instruction by 
diverse instructors (experts in their fields from 
across the country) and (c) access to class sets 
of materials for distribution. 

In their evaluation, evaluators collected data 
about program implementation and impact 
in an effort to validate or revise the project’s 
theory of change. Specifically, they wanted to 

know about the quality of the professional de-
velopment and the extent to which it contained 
features of effective professional development 
described in the literature. They also wanted to 
know if and how teachers were using the ma-
terials they received. Finally, they wanted to 
collect evidence of changes in teachers’ knowl-
edge, practices, and teaching efficacy, as well 
as any changes in the knowledge or science-
learning efficacy of their students. The teacher 
content knowledge analyses are still ongoing, 
but as seen in the previous benchmarks section, 
they have collected and analyzed data on ef-
ficacy and practice.

In order to assess the quality of the Project 
MAST professional development workshops, 
the evaluators created an observation protocol 
to suit Project MAST’s goals and setting [4]. 
They can triangulate these observations with 
participant surveys and interviews to create 
a comprehensive description of the defining 
characteristics of the professional development 
and the quality of its implementation.

3.1 Professional Development
Workshops Observations

The observation protocol was created by first 
identifying constructs from the theory of change 
and the professional development literature, 
and then transferred those objectives into mea-
surable indicators relevant to the MAST con-
text. The evaluators trained physical science 
professors at Jackson State University to serve 
as observers because one of the goals of Project 
MAST is to improve university faculty mem-
bers’ attitudes toward teaching science. Not 
only were faculty members enlisted as profes-
sional development instructors in the program, 
they were also paid to attend and take notes at 
Project MAST sessions. The program develop-
ers expected that giving faculty the opportunity 
to observe exemplary instruction would give 
those faculty members a greater appreciation 
for high-quality teaching, as well as strategies 
they could apply to their own college courses.
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In 2011-2012, thirty five observations from 29 
sessions were collected. Each session was of-
fered twice, and a few were observed more than 
once. Last year’s observations, and data from 
the previous years, indicated that the morning 
and afternoon versions of each session were 
nearly identical, and observers had the oppor-
tunity to document any significant differences 
in post-session instructor interviews. 

During this cohort, evaluators met with work-
shop observers to discuss ways to revise the ob-
servation protocol. Workshop observers each 
had unique ways in which they would like to 
see the protocol improved, indicating the vari-
ety of ways in which one may interpret course 
session activities. Each observer also stressed 
the importance of having a glossary of terms 
used when completing the protocols, which 
may encourage inter-rater reliability within the 
data. Evaluators are in the process of revising 
the current protocol in an effort to make course 
observations more comprehensive.  

Analyses of the professional development ob-
servations suggest that the program is being 
implemented in a very similar manner to pre-
vious years. The hands-on activities that have 
been a hallmark of MAST in years past con-
tinue to be at the forefront of the professional 
development. Teachers first carried out the ac-
tivities as if they were learners and then dis-
cussed them from a teacher perspective. Cohort 
3 teachers also had many opportunities to re-
flect on their learning, even more than in years 
past. Sometimes reflection took the form of a 
class discussion about how to use the materials 
in the classroom, or how to transform a hands-
on activity to emphasize inquiry. In one session 
that was new to the 2011-2012 professional de-
velopment, teachers were introduced to “blog-
ging,” and asked to reflect on what they learned 
following a session on how to integrate tech-
nology into the field of science teaching. The 
instructor asked teachers to share their blog 
topics, blogging sites, and notes with the group. 
Reflection and idea exchanges were known to 

continue far past their scheduled stop time. 

3.2 Participants Perspectives

Another way to assess the quality of program 
implementation is by documenting participant 
reactions [5]. Teachers completed a brief sur-
vey at the end of each session and at the end 
of the entire course to assess how well Project 
MAST had advanced their understanding of 
science content and pedagogy. Across sessions, 
participants tended to agree that the sessions 
were informative, motivating and relevant to 
their needs.

Open-ended comments were also very positive, 
praising the hands-on activities in particular. 
The word cloud included here highlights these 
themes (Fig. 2). The size of each word corre-
sponds to how often it was mentioned by the 
teachers. 

Figure 2.  Most effective components of Project MAST

Several respondents noted that no changes were 
necessary in various sessions. When teachers 
did suggest changes, they often recommended 
additional hands-on activities and teaching 
strategies that mimicked actual classroom set-
tings and could be directly imported into their 
classrooms. Given that the survey data was 
overwhelmingly positive. The majority of rec-
ommendations appear to have been made in the 
spirit of making a strong program even better.

Teachers valued not only the summer and fall 
sessions at Jackson State, but the three class-
room visits they received from Project MAST 
staff: (a) a demonstration in the SkyLab por-
table planetarium; (b) a lesson using podcasts 
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on iPod to introduce students to current topics 
in the physical sciences; and (c) classroom ob-
servation and mentoring of participant teach-
ers’ implementation of instructional materials. 

3.3 Summary of Implementation Results

Observations, surveys and interviews portray 
the MAST professional development course as 
one where teachers learn creative (yet feasible) 
hands-on activities and teaching strategies for 
a broad spectrum of standards-based physical 
science content. In nearly every session teach-
ers engaged in the process of science inquiry 
as learners themselves, while reflecting on how 
they could take what they’d learned back to 
their classrooms. 

Session content was almost always delivered 
with an awareness of teachers’ prior knowledge, 
and personal and professional experience. Be-
cause there was such a variety of science topics 
and instructors, the material could conceivably 
have been taught as parade of different activi-
ties, all very engaging but without a clear the-
matic structure or connection to teachers’ class-
room contexts. Instead, instructors frequently 
related material to teachers’ prior knowledge 
and experiences, helping them make connec-
tions with the material while modeling a peda-
gogical strategy they could use with their own 
students. Furthermore, because the course was 
grounded in the Mississippi Science Standards 
(a point made explicitly in about half of the ses-
sions) teachers reported that they became more 
familiar with the state’s Science Frameworks 
as a result of their MAST participation. 

3.4 Summary of MAST Outcomes

The Cohort 3 outcome data reinforces the 
trends seen last year: MAST gives teachers 
strategies and materials that they use in their 
classrooms in an effort to engage students in 
hands-on learning. Evaluation measures during 
this cohort included analyses of teacher atti-
tudes towards science, student attitudes toward 
science, and student test results. 

The results showed improvements among 
teachers in the following areas:

• Confidence in knowledge of physics, earth 
science, astronomy and chemistry

• Confidence in ability to teach physics, astron-
omy and chemistry

• Confidence in using MAST pedagogical tech-
niques (e.g., inquiry)

• Personal science teaching efficacy

• Use of MAST instructional materials and 
pedagogy

While teachers showed significant gains in 
confidence, efficacy, and utilizing MAST tech-
niques, the results showed significant losses in 
student outcome expectancy (i.e. “The teacher 
is generally responsible for the achievement of 
students in science”). 

Evaluation findings have shed light on MAST’s 
implementation and impact, and have helped 
generate further research  questions, such as:  

1) To what extent does teacher participation in 
MAST PD demonstrate change in teacher and 
student learning of science content knowledge?  

2) What different patterns of teacher and stu-
dent content knowledge, learning, and efficacy 
emerge that are evident in the data?
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Abstract

In England, the further education (FE) course 
for Physics, the ‘A-level’, has reached its low-
est level of popularity in thirty years and cur-
rently only 10% of A-level students begin stud-
ies in Physics (or a Physics related subject) at 
University.  In this paper I identify the roots of 
this decline and how the scientific community, 
stakeholder organisations, and teachers might 
respond to it.  The primary outcomes are a ra-
tionale for the collaboration between Physics 
organisations to produce curricula that tackle 
the decline by developing the UK’s first ‘na-
tional curriculum’ for FE that is innovative, 
future-focussed, and inspires students to pur-
sue Physics.

Keywords

Physics Education, Further Education, Higher 
Education, Collaborative curriculum develop-
ment, Social justice.

1. Introduction

In A-level Physics education in the UK there 
have not been the same discourses on curricu-
lum that have been seen in other areas of cur-

riculum theory, development and application in 
recent times.  The primary reason for this is the 
nature of A-level education itself.  There is no 
formal curriculum set by either the Department 
for Education (DfE) or the Department for 
Business, Innovation and Skills (BIS).  Instead, 
there are only ‘specifications’ that are approved 
by the Office of Qualifications and Examina-
tions Regulation (Ofqual). These specifications 
are written by examination boards and effec-
tively determine what is taught in institutes of 
Further Education in the UK.  Notably absent 
are the epistemological and axiological argu-
ments that take place within educational dis-
courses that are often seen in the creation of 
curricula.  Without a formal curriculum, Phys-
ics A-level teachers have only an accredited 
specification and their own pedagogies to cre-
ate educational experiences for their students.  
This places Physics teachers in an awkward 
false dichotomy, issues arising within Physics 
teaching are both blamed on the teaching pro-
fession and expected to be solved by it, with-
out any formal assistance. There are three main 
areas that I wish to consider in which Physics 
educators need to respond to within curricula, 
they are minority groups within Physics, the 
destinations of A-level Physics students, and 
the view of Physics education in society. 
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2. Inclusion in Physics Education

In terms of raw numbers the Physics A-level 
curriculum serves approximately 28,000 stu-
dents per year, of this number only 23% are 
female.  While there has been a considerable 
decline in numbers over the past 25 years the 
percentage of girls studying Physics has only 
varied from a maximum of 23.5% in 1985 to 
a minimum of 21.8% in 2006 [1].  In terms of 
A-level subject choice Physics is 4th nationally 
for boys but 19th for girls [2].  It is the Institute 
of Physics’ claim that “many girls across the 
country are not receiving what they’re entitled 
to – an inspiring education in physics” [ibid] 
and that this leads to a poor representation of 
women in the field and denies girls future in-
dividual opportunities.  This statement by the 
Institute of Physics (IoP) is an interesting one 
from a social justice perspective.  It assumes 
an egalitarian outcome in which both sexes 
should have equal representation in terms of 
numbers but, more intriguingly, that it is the 
fault of Physics education, the Physics cur-
riculum, and Physics teachers that girls do not 
study it beyond their compulsory science edu-
cation.  The representation of gender in soci-
ety, ‘gender-specific socialisation’, can be held 
largely responsible whereby parents, teachers 
and peers consciously or subconsciously steer 
girls away from Physics because it is perceived 
as an unfeminine discipline [3].  An analysis 
of A-level candidates shows that girls are two 
and a half times more likely to go on to study 
A-level physics if they attend a girls’ school 
yet this effect of single-sex education in Phys-
ics is not found in the other scientific disci-
plines where there is far less of a gender imbal-
ance [2].  This is attributed to the dominance 
of Physics classrooms by both male students 
and male teachers, which can be off-putting to 
those girls who may consider studying Physics 
[4]. Further data analysis shows that the aver-
age 20% female to 80% male ratio amongst 
Physics A-level students [5] is replicated in the 
proportion of female to male Physics graduates 

and Physics faculty holders [6].  This would 
suggest that there is not an intentional male he-
gemony being propagated within the scientific 
community itself but an issue of engagement of 
girls in Physics at a much earlier stage in their 
education.  

The question to be asked is ‘What can be done?’  
Suggestions generally include altering the cur-
riculum to be more appealing and promoting 
the benefits of a career in Physics to girls. Fe-
male gender roles in Physics can be seen as a 
demonstration of the hidden curriculum, a cur-
riculum model described by Kelly [7] as any-
thing that a student learns during their school-
life whether or not it is intended.  If girls do not 
see women within Physics then they may gain 
the view that there are no women in Physics or 
that Physics is not a subject for them.  If there 
is a bias in gender representation in Physics 
throughout a child’s experience of school then 
girls may harbour negative views of the sub-
ject from a young age.  One solution from this 
is that it is female role models within science, 
in Physics classrooms and on television that 
would inspire girls.  In highlighting the women 
who have played a part in Physics and who are 
doing so now, this implies that we may be able 
to promote Physics to girls without adapting 
the Physics specification’s content, merely fo-
cussing it in a slightly different way. 

Of course gender is only one aspect of inclusion 
that must be considered by Physics educators. 
Fraser [8] discusses injustice in terms of rec-
ognition, stemming from cultural domination, 
the non-recognition of sections of society and 
disrespect towards groups and/or individuals. 
It was during the 1980s and 1990s that educa-
tion broadened its concerns to include “social 
differences and inequalities, notably gender, 
sexuality, ‘race’, and disability.” [9] and it is al-
together likely that these too result in students 
from minority groups not deciding to study 
Physics.

While scholars such as Anthanases & Martin 
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[10] are advocates of placing the resolver of 
injustices within the classroom, others believe 
that a co-ordinated approach would be more just 
as it would be able to reach more students than 
single teachers and make it easier for teachers 
to act on issues of inclusion and the promotion 
of Physics to all groups within society.

3. The future of A-level Physicists

In 2011 the number of students who received 
Physics A-levels in the UK was determined to 
be 32,860 students; that September 31,845 ap-
plicants to first-degree courses held a Physics 
A-level [11].  While these data sets cannot be 
directly compared, it is clear that the majority 
of students who sit a Physics A-level go on to a 
University course.

Of those students who entered University with 
a Physics A-level in 2011 only 9.7% went on 
to study Physics [12].  Physics is the largest 
percentage subject destination individually 
however it is only marginally so; Mathemat-
ics and Mechanical Engineering were similarly 
popular and more than 30% of students began 
courses with no direct relation to the material 
covered in their Physics A-level course [13].  
Much of the course content that is taught to 
students is therefore unused directly or of only 
tangential relevance suggesting that, for some 
students, it may be a strategic subject choice to 
ease access to Higher Education than through a 
genuine interest.  

The IoP [14] suggest that the wide range of des-
tinations of A-level candidates indicates that 
Physics stands as a subject known for being a 
‘strong’ A-level.  With it students demonstrate 
that they have a particular set of skills that are 
useful in many subjects outside of Physics: 
mathematical ability, problem solving, abstract 
concepts, etc. Young identifies acquisitions 
such as this as ‘powerful knowledge’, infor-
mation which is of paramount importance to 
social mobility and not easily gained outside 

of educational institutions [15].  Young may 
be satisfied that Physics A-level students gain 
access to ‘powerful knowledge’ because the 
majority of them go on to University.  How-
ever, this does not nullify the suggestions that 
education should be accessible to all; instead it 
presents a different question that is not widely 
considered outside of Physics [16]. If students 
have access to the ‘powerful’, socially prosper-
ous Physics knowledge and gain the qualifica-
tions they need to go on to Higher Education 
then why do they not go into Physics?

Even though Physics appears to be declining in 
popularity it is in demand by society in terms of 
use by the general populace and the consequent 
economic advantages.  A balance needs to be 
struck between students finding Physics inter-
esting (and thus wanting to study it) as well as 
it having the best outcome for society (which 
requires it to remain a challenging subject and 
act as a conduit to Higher Education).  As so-
ciety is increasingly dependent upon advanced 
technologies it is imperative for young people 
to learn the skills that can allow them, and us 
all, to flourish in the future.  Here the view of 
society’s common good means that Physics 
cannot sacrifice its challenging curriculum con-
tent and skills in order to be more appealing to 
young people.  

In 2007 the IoP commissioned a report by Greg 
Rowland Semiotics to investigate what will 
“make physics a more attractive option for 
young people at A-level and degree level” [17].  
They concluded that the IoP should promote 
Physics through specific terms: image, popular 
culture, and what draws young people to ca-
reers; primarily how Physics can be more ap-
pealingly presented.  The IoP quote the report 
extensively in their subsequent publications, 
specifically this statement:

“While lay-people go about their lives under-
standing little of the world, physicists have ac-
cess to a greater understanding of the universe 
that everyone else merely occupies” [ibid]
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In a separate report ‘Why Study Physics?’ the 
IoP attempted to describe to students the op-
portunities available to them if they chose to 
study Physics at A-level and University:

“Science and engineering are key to renewed 
economic growth, and to meeting the challeng-
es of the 21st century, from sustainable energy 
and global security to lifelong health and well-
being.  To rise to these challenges we need to 
ensure that our educational system is produc-
ing enough people with the right skills – and 
physics is an essential step in training for most 
science and engineering disciplines” [14]

While many high-school students are unlikely 
to read publications by the IoP it is exposure to 
these ideas that best serves them.  In A Teach-
er’s Guide to Action Hollins [18] states that 
the main influences on the way students view 
Physics were:

• Self-concept – that is, student’s sense of 
themselves in relation to the subject

• How students experience physics at school

• Teacher-student relationships – that is, how 
personally supportive students find their Phys-
ics teacher

These three influences are important in the 
sense that all involve the teacher in some form 
but also such that the first two can be assisted 
through an appropriate curriculum and expo-
sure to Physics in a positive manner via the in-
volvement of Physics organisations.  It is this 
exposure, and the involvement of teachers that 
I will now examine.

4. Physics in Society

The peak number of students studying an A-
level in Physics was in 1985 when 46,606 
students completed the final examinations, in 
2006 the number reached its lowest of 27,368 
and has remained less than thirty thousand in 
each year since [1].  Of similar concern is that 

Physics has plummeted from the most popular 
science course throughout the 1980s to the least 
whilst Chemistry has stayed at broadly stable 
entrant numbers and Biology has increased by 
40%.  Clearly this drop is a consideration for 
the Physics curriculum and the view of Physics 
by society.  Already noted is the importance of 
Physics to the future of society but demonstrat-
ing this beyond mere conjecture is difficult. 

In 2010 only 2,200 of the 3,637 students who 
began a University Physics course in the UK 
graduated from that course.  11% of those 
graduates were unemployed 6 months after 
their graduation and only 3% were employed 
in a STEM related job [11].  These statistics are 
concerning for several reasons; when students 
are considering future career paths for Post-16 
education the employment statistics are not en-
ticing and, despite a shortage of students with 
Physics qualifications, they are more likely to 
steer students away from the field.  This data 
is more of an issue for the Higher Education 
sector however BIS [19] noted that to increase 
the status of science within society a vital fac-
tor was learning.  Following their report they 
formulated the ‘Engaging the public in science 
and engineering’ policy recognising:

“Science and research are major contributors 
to the prosperity of the UK.  For our prosperity 
to continue, the government believes we need 
high levels of skills in science, technology, en-
gineering, and maths (STEM), and citizens that 
value them.” [20]

The BIS has primarily undertaken the promo-
tion of science in events that involve second-
ary school and FE students but mainly by fund-
ing organisations and events in order to widen 
participation. This funding for Physics is an 
important one when analysing socially just 
educational practices; this funding is not in ad-
dition to the department’s budget and requires 
it to be taken from other areas (and potentially 
other subjects) in order to be given to the pro-
motion of Physics. This could be considered 
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in line with a view of social justice as being 
the ‘common good’ where society will benefit 
more from government spending in Physics 
and STEM than in other subjects but this is a 
delicate path to tread.

Young describes the most just forms of school-
ing are ones where the school enables students 
to gain the powerful knowledge from the in-
ternal structures (like individual subject dis-
ciplines) and external structures (the link be-
tween schools and professional or academic 
communities) [21]. If powerful knowledge is 
to be gained by pupils then local, national, and 
international groups of specialist teachers must 
be involved with University-based (and other 
specialist) selection, sequencing and inter-re-
lating of knowledge to construct appropriate 
curricula [15].  

5. Taking charge 
of the education sector

I have discussed several issues that affect Phys-
ics A-level education.  It may appear that there 
is greater flexibility in A-level teaching because 
of the lack of a national curriculum but this is 
not the case.  Further Education specifications 
provide the knowledge and skills that teachers 
need to impart but many educators, especially 
new or inexperienced teachers, find it difficult 
to flexibly accommodate issues of social justice 
that arise in their classrooms [22].

Of the three issues that I have identified there 
is a common thread that runs throughout their 
potential solutions.  When considering gender 
and other minority groups it is to highlight the 
diversity of Physics.  For the lack of students 
who go on to study Physics at University the 
solution was to avoid the temptation of lower-
ing the level of knowledge within the curricu-
lum and instead focus on the benefits of Phys-
ics to society and to inspire children from an 
early age with the wonder of Physics.  Finally, 
I considered the concerning trends that signify 

a decline in Physics within society, despite an 
increase in its prevalence; here it was trickier as 
there are many different angles but overall my 
conclusion was to forge more powerful links 
between the Physics community and Physics 
students.

Such links do already exist; the Institute of 
Physics currently funds 100 scholarships 
of  £20,000 for graduates with “outstanding 
knowledge of school-level Physics and the 
potential to become an inspirational Physics 
teacher” [23] and, while mandated, they run 
the selection process independently.  For cur-
rent Physics teachers the UK has many op-
tions available through organisations such as 
the National Science Learning Centre and the 
British Council.  Both organisations fund Phys-
ics teachers to receive training that will benefit 
their students, be it visiting CERN to gain ideas 
on teaching particle physics or providing ba-
sic physics courses for non-specialist science 
teachers (to give only two examples of many 
opportunities).  Most UK universities with 
Physics departments run outreach programmes 
to local schools and through public events ei-
ther funded by their institution or through other 
grants from Physics organisations like the IoP.  
Similarly STEM employers and educational 
charities offer programmes run in schools, fo-
cussing on National Science Week, that are of-
ten free or have heavily subsidised costs.  This 
identifies a clear willingness for those within 
the Physics community, as employers, educa-
tional organisations, and research institutions 
to engage with the public and especially with 
young people.  Unfortunately, despite the ex-
tensive involvement of stakeholder organisa-
tions in educational outreach to students and 
teachers the effect on STEM employment and 
transitions to Higher Education is still con-
cerning and, unless more can be done within 
schools, more of the same is unlikely to result 
in improvements.  

The common thread throughout this paper is 
the presentation of Physics to students.  Stu-
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dents need to understand what Physics is, what 
Physicists do, but most of all they need to be 
able to see themselves as Physicists.  This is 
possible within a classroom and the potentials 
offered by e-infrastructures are large and allow 
a more direct involvement in actual Physics by 
students rather than simple modelling and ex-
perimentation within the classroom.  This does, 
however, still require teachers to be the driv-
ing force behind the initiatives and ensuring a 
consistent approach by all teachers of Physics 
is unlikely.  It is my view that a more engaged 
approach is needed and that, despite objections 
that would likely arise, it may be time to con-
sider more radical solutions.

The Institute of Physics have already been in-
volved in the design of new specifications with 
exam boards in the UK and have acted as advi-
sors in the development of new national curri-
cula however the result was out of their control.  
It is my suggestion that Physics organisations 
could attempt to improve all of the situations 
that I have highlighted by a direct creation of 
curricula to be taught in schools.  Such curri-
cula could not only assist teachers by providing 
access to more impactful resources than they 
could create themselves but also provides a 
conduit to facilitate this to all Physics teachers 
and, in turn, all students.  As well as resourc-
es such a system would also allow the Phys-
ics community to actively respond to its needs 
rather than act as advisors to exam boards or 
government education departments in the hope 
that they have sufficiently synchronous educa-
tional ideologies.

6. Summary

Within the educational discourses there are 
fundamental aspects that arise from the sugges-
tion that the control of curricula could be giv-
en to an organisation instead of a government 
however the Education Act 2011 [24] already 
designates a regulatory body (Ofqual) to inter-
pret legislation and control the specifications 

and content created by exam boards.  While 
technically charities, they do compete between 
themselves financially and over A-level quali-
fications.  As such, the principle could be no 
different between competing, or collaborating, 
Physics bodies like the Institute of Physics or 
collaborations between academic institutions.

While involving large changes in approach 
and commitments it is my suggestion that un-
less Physics organisations attempt to tackle the 
decline in Physics education on a much larger 
scale than they currently do both the Physics 
community, STEM employers, and society as a 
whole, will begin to suffer the decline as well. 
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Abstract

From traditional to non-traditional methods, 
many government and non-government institu-
tions around the world produce more and more 
educational activities for teachers. With the 
availability of internet throughout the world, 
large repositories of resources are emerging. 
But how effective are these activities? How do 
we determine what goes into creating an effec-
tive educational activity? This paper will dis-
cuss Methodology, Readability, Visualisation, 
Audience, Skills and Interface which are the key 
elements of an effective educational activity.

Keywords  

Astronomy, Peer-Review, Repository,
Resources.

1. Introduction

With the availability of internet (Table. 1) 
from desktop to mobile, from classroom to 
playground, the content accessed daily has in-
creased astronomically during last ten years. 
This has lead to change the way education per-
ceived throughout the world. Over the years nu-
merous projects and groups have and continue 
to contribute creating both effective and poor 

educational resources. Keeping in mind that 
teachers have limited time to find the right edu-
cational resources they need, the availability of 
large number of resources could be confusing. 
The need of quality educational resources is 
there today more than ever before. In order to 
create a balanced, quality educational resource, 
there are few factors to consider such as Meth-
odology, Readability, Visualisation, Audience, 
Skills and Interface. Once a resource is created, 
sending it through a peer-reviewed system will 
help to increase the quality further more.

2005 2010 2013

World 
population 6.5 billion 6.9 

billion
7.1 

billion

Not using the 
Internet 84% 70% 61%

Using the 
Internet 16% 30% 39%

Users in the 
developing 
world 8% 21% 31%

Users in the 
developed 
world

51% 67% 77%

Table 1. Worldwide Internet users
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2. Components of a resource

Resources crated for online or offline usage, 
classroom or outdoor, or a mix of these plat-
forms. Regardless of these platforms, every 
resource includes few key components which 
improve the quality. Each component is to be 
carefully looked into and implement.

2.1 Components: Methodology

Majority of the resources nowadays tend to 
use an Inquiry-Based Learning (IBL) method 
for activities as it is a learning that is based 
on the investigation of questions, scenarios 
or problems. Students or participants (inquir-
ers) identify the problems themselves and 
research on the issues to find solution with 
the help of a teacher (facilitator). Open learn-
ing is an important part of IBL. It allows the 
inquirers to experiment and go beyond the 
conventional and structured learning envi-
ronment.

Classic activities such as “Water Rocket” 
is based on Action Learning where team of 
students will experiment with the model they 
create to get the best results. This also relates 
to one of the basic human fundamental meth-
od of solving problems - trial and error learn-
ing - where each failure is learning.

Whether it is IBL, Action Learning, Open 
Learning, Discovery Learning or Process Ori-
ented Guided Inquiry Learning, the method 
use in the resource is important. Highlighting 
the method helps the teachers to consider the 
resource to be used or not as some curricu-
lums restrict to certain methods.

2.2 Components: Readability

Many content creators pay less attention to 
the language used in the resources. Proper 
usage of words and phrases helps to create 
user-friendly content. Majority of the English 
speakers are non-native, therefore the lan-
guage used should be simpler (Fig. 2). Run-

ning the text content of the resource through 
a Readability [1] test could increase the qual-
ity. Another option is to make the content 
available in different languages.

Figure 2. Countries where English is an official or secondary 
language.

2.3 Components: Visualisation

Many people enjoy astronomy as a hobby 
because of its visual appeal. Human visual 
perception helps to grasp initial understand-
ing of the surroundings or situations. Same 
method could apply to creating resources. 
Showing the content with a visual appeal [2] 
will not only help towards the better, faster 
understanding of the activity, but also the 
content will be user-friendly.

2.4 Components: Audience

Another important component is the audi-
ence. The content created appeals to two lev-
els of audience: teachers - primary audience 
who use the resources in and out of the class-
room and the students - secondary audience 
who use the resources under the observation 
and guidance of a teacher. It’s important to 
keep both level of audience in mind when 
creating resources. It eases the implantation 
of the activity by primary audience to the sec-
ondary audience.

2.5 Components: Skills

A resource has two categories of skills (or 
knowledge areas). Skills which are needed 
to use the content and skills gained by using 
the content. Identifying these two set of skills 
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helps the teacher to determine whether the ac-
tivity is suitable for the need and applicable to 
the secondary audience.

2.6 Components: Interface

Educational interfaces have evolved over the 
years from offline, online, virtual and softwares 
to apps, teleconferences and Hangouts. This 
also made it possible to access content across 
borders, especially from developing countries. 
It’s important to identify which interface to use. 
Identifying the audience helps towards this. For 
an audience from a developing country, offline, 
online and apps interface would be better suit-
ed than teleconferences due the limited access 
to internet.

3. Peer-Reviewed Resources

Availability of large number of educational re-
sources and repositories make it difficult to find 
quality content. Setting up a quality assessment 
platform would help determine best resources.

Scientific papers get peer reviewed thoroughly 
to ensure the standards of quality before pub-
lication. Similarly astronomical educational 
resources could be filtered through a quality as-
sessment to maintain a standard of quality.

4. Conclusion

Astronomy educational resources are being 
created by various projects and groups quite of-
ten and increasingly. When creating resources, 
it’s important to consider all the components 
in order to create a quality product. Method 
used, checking the readability, implementing 
a good visualisation, identifying the audience, 
highlighting the skills and considering which 
interface to use will ensure the quality of the re-
source. Implementing a peer reviewed system 
will help to keep a standard of quality.

5. References

[1] West, M. (2011, October). Obfuscating the 
Vernacular: The Readability of Astronomical 
Writing. Paper presented at Communicating 
Astronomy with the Public conference, Bei-
jing, China.

[2] Koblin, A. (2011, February). Artfully visu-
alizing our humanity. Video posted to http://
www.youtube.com/watch?v=4v4XxlfVk3o



162

e-Infrastructure for an Engaging Science Classroom



163

DISCOVER THE COSMOS CONFERENCE

Abstract

Telescopes to Tanzania is a program initiated 
by Chuck Ruehle in 2010 to use Astronomy as a 
vehicle to teach science, technology, engineer-
ing and math to the Meru community in north-
ern Tanzania.   

The program has moved  from teaching stu-
dents-- to preparing teachers in using hands 
on educational methods in presenting their les-
sons---and now will focus on  the development 
of center for science education. 

There are three major challenges: 1.Limited re-
sources: in classrooms and the Tanzanian eco-
nomic poverty.   2.  Teachers who have never 
had “hands on” experience in learning.  3. Lo-
cations that lack a regular power source and 
little internet access.

Keywords

Tanzania, Astronomy, Center for Science

1. Introduction  

In 2013 Telescopes to Tanzania began a major 
shift in focus and intensity.  The emphasis will 
be on creating a Center for Science education 
(The Center) in Tanzania with leadership that is 
based in the community and native to Tanzania 
and East Africa.

2. Rationale

The creation of the Center for Science and Ob-
servatory is based on an understanding of the 
critical role of astronomy in teaching science,  
and the importance of building the curiosity of 
students for the love of science subjects. 

“At the 6th Science Centre World Congress 
convened in Cape Town, South Africa from 4-8 
September 2011 delegates from 56 countries 
assessed the impact of science centers world-
wide and formulated plans that will ensure that 
they continue to play a constructive role in ad-
dressing global issues at the interface between 
science and society.”  With this beginning of 
the Cape Town Declaration it is clear that a sci-
ence center approach to addressing the need for 
hands on, “smart play” education is an impor-
tant community resource.

The recent year’s national examination results 
in Tanzania have shown poor performance in 
science subjects as well as a decreasing num-
ber of students who are taking science subjects. 
There are number of reason for this trend, but 
teaching methodology is one concern accord-
ing to the assessment report. “While lots of 
things are important, we need to prioritize on 
the most important factors that make a big dif-
ference in quality learning, such as motivating 
teachers and holding them accountable, and 
creating an environment for children that is en-
gaging and interactive .”

Telescopes to Tanzania

Chuck Ruehle
 5742 Cambridge Circle #4 Racine, WI USA

chuck.ruehle@yahoo.com
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 “The Quality of Teaching, Learning, and Ap-
plication of Science, Mathematics, and English 
in the Education Sector” of 2012 by Tanzania 
Education Network

3. Partnership

Intrinsic to the development of the Center for 
Science in Tanzania is that it is sustainable. 
Partnership with governmental agencies, lead-
ers in the educational structures, local authori-
ties and both private and public institutions will 

be essential for the work to continue.   Part-
nership also with the scientific community is 
essential.

Since 2011 a Tanzanian partner in the work has 
been UNAWE (Universe Awareness)-Tanzania, 
lead by Mponda Malozo.  UNAWE Tanzania is 
a registered non-profit organization initiated by 
volunteers working with Tanzanian youth. Its 
aim is to awaken science curiosity among Tan-
zanian children from very young ages. It works 
mainly with primary school pupils and teachers 
in Tanzania, and also partners with different na-
tional and international organizations. It offers 
teaching materials to teachers, children as well 
as interested individuals and collaborates with 
other organizations to conduct teachers’ train-
ings for primary school teachers in Tanzania.

 TtT has worked in close collaboration with 
Astronomers Without Borders (AWB), the In-
ternational Astronomical Union (IAU), Office 
for Astronomy Development (OAD), Galileo 
Teachers Training Program (GTTP), Global 
Hands on Universe (GHoU), Café Scientific 
and the Meru Diocese of the Evangelical Lu-
theran Church in Tanzania. 

UNAWE-Tanzania and its partners are now 
working hand in hand with TtT to make sure 
the initiatives deployed  reach a wide audience 
in Tanzania while continuing to provide leader-
ship in future centers in the East Africa region. 
The establishment of a Center for Science and 
an observatory is the strategy which shall serve 
the common purpose of astronomical organiza-
tions in the region. 

4. The need for a Center for 
Science 

The Telescopes to Tanzania Teachers training 
conducted at Mwangaza Education for Part-
nership Resource Center in Arusha in Novem-
ber 2012, included 50 primary and secondary 
school teachers. Teachers learned to employ 
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new ways of teaching science using astronomy 
as a tool.  They learned how to create their own 
models based on readily available materials, 
and experienced researching material on the in-
ternet.  The entire program focused on how to 
integrate astronomy into the national syllabus/
curriculum as outlined by The United Republic 
of Tanzania Ministry of Education and Voca-
tional Training. 

Most teachers were not aware that astronomy is 
part of the national curriculum.  This is large-
ly because of the lack of training in applying 
hands on tools and lab style classrooms.  Even 
the national exams fail to ask questions related 
to astronomy due to a limited understanding 
of its possibilities. There is still a widespread 
misunderstanding that our solar system is all 
there is to the universe.  Without further learn-
ing and teaching this will continue to be all that 
is taught.

The establishment of the Center for Science 
and Observatory will create a path to learn-
ing that will help teachers, education officers, 
students and amateur astronomers understand 
what astronomy can offer science education in 
Tanzania through the capacity building activi-
ties it will offer. 

5. Specific goals of the Center

1. To conduct astronomical and science train-
ing for teachers and students as outlined in the 
preceding rationale.  

2.  integrate astronomy in the teaching curricu-
lum as outlined in the national syllabus. 

3. To develop and disseminate hands on sci-
ence and astronomy teaching resources.

4. To create a model science laboratory and 
observatory with telescopes computers, a por-
table planetarium, internet capacity and global 
connections to other observatories around the 
world.

5. To serve as an equatorial dark sky observing 
center for tourists, this will serve as a source of 
funding. 

6. A description of the Center

 The Center shall be a non-governmental orga-
nization based in Tanzania with majority of its 
members and teachers being Tanzanians who 
work hand in hand with astronomy or are con-
nected to science education and affiliated mem-
bers in other East African countries and the in-
ternational astronomical community. 

It shall be located in Northern Tanzania off the 
Moshi-Arusha tarmac road which is the ma-
jor tourist circuit of Tanzania, near or close to 
secondary schools which have already worked 
with and have established relationships with 
TtT.

The Center shall consist of science demon-
stration laboratory, roll off observatory for the 
scope(s), guest accommodations for up to 12 
persons, library and administration offices. 
The laboratories shall be fully equipped with 
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resources necessary for doing astronomical 
demonstrations and provide hands on science, 
math, and geography training that will be in 
line with the national curriculum. 

The Center is intended to be financially sustain-
able through astro-tourism activities and other 
relevant legitimate aids.  Once operational, the 
money generated shall be used to sustain the 
center on a daily basis. Minimal support from 
external sources will be necessary for its day to 
day operation. By being located in the tourism 
circuit within Tanzania it shall be an attraction 
for those who wish to observe equatorial dark 
skies from Africa.

7. Expectations and hopes

The sincere intention of this project is to insure 
that the young people of Tanzania and their 
teachers are not “left behind” in the pursuit of 
scientific inquiry.  With the further develop-
ment of the East African Economic Commu-
nity the quality of education must be at a level 
that students can compete in a more technical 
and science based job market.

We have seen that computers in most schools 
are used as a writing or record keeping tool or 
as a tool to teach computer classes with little if 
any understanding of the power of teaching or 
researching using the internet or even using a 
program as simple as Stellarium to introduce 
astronomy subjects.

We have seen that many teachers are currently 
using notes they recorded during their own 
education.  They have not had the resources to 
access current materials or ideas.   

And, we have experienced that most science 
education is done from a perspective of “giv-
ing the right answer”.   Teachers were not pre-
pared to have discussions on: “Why Pluto is or 
is not a planet”; or “How the number of moons 
of Jupiter may change as scientists gather more 
information”.  The notion that “what we know 

now”   rather than the definitive all time truth 
answers was totally new to many of the science 
teachers.  

With these observations and experiences we 
are developing techniques, materials, and ideas 
to help teachers change how they approach 
teaching not just in hands on experiential tech-
niques…but with the ability to encourage stu-
dents to explore, learn and discover on their 
own.

8. Sustainability

The project will collaborate with relevant peo-
ple, institutions, companies and the ministry of 
natural resources and tourism to bring astro-
tourism as one of the major components in the 
development of the Center. With increasing 
light pollution in most parts of the world Africa 
still possesses a dark sky beauty which creates 
a growing astro- tourism market in Africa.

Currently one of the most important assets of 
North East Tanzania is its dark skies.  As it has 
developed a viable tourism based on safaris 
into the national parks, the potential for South-
ern Hemisphere dark sky observing is signifi-
cant.  

We are currently working to build a sustainable 
business model for the ongoing work of the Cen-
ter. The importance of astro-tourism is not only 
to serve those who desire to be exposed to the 
great skies of Tanzania, but to raise the aware-
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ness of sustaining a dark- sky environment.  

It is our hope that teachers in Africa and as-
tronomers from around the world will be able 
to meet and share the wonder of the night sky, 
the importance of astronomy as a gateway to 
science and build relationships that will further 
science education around the world.

9. Request for help

GHOU will be an important event for Chuck 
and his wife Sue Ruehle  this summer in ex-
ploring the many possibilities of the science 
center.  We are seeking to:

1. gain insights and ideas for teaching science 

2. learn how others have worked in science 
centers with both teachers and students

3. gain insight into materials and resources that 
are needed or that may be available for the cen-
ter.

4. gain support for the project both financially 
and with those committed to teaching science 

through astronomy.

5. build a network of people who will support 
and help in creating a strong base for science 
education in Tanzania and East Africa.
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Abstract

The project “Astronomy from an armchair” 
was initiated by five students of physics in May 
2012. The aim of the project was to build the 
first observatory in the City of Nis and to make 
an opportunity for wider population to become 
interested in amateur astronomy and scientific 
research. Also, using modern Internet services 
and Web 2.0 technologies all astronomy en-
thusiasts who understand Serbian language 
will be able to attend an interesting popular 
astronomy talks and observations. In this pa-
per we will present the results of the current 
implementation of the project, popularization 
of astronomy and plans for the future.

Keywords

Amateur astronomy, popular science, observa-
tions, Internet

1. Introduction

“Astronomy from an armchair“ is a project 
realized by a five-member team of students 
from the Faculty of Science and Mathemat-
ics, Nis, in cooperation with members of the 
Astronomical society “Alpha“ from Nis. Mem-

bers of the team are: Zoran Tomic, coordinator, 
Milan Milosevic, Marko Rancic, Sasa Rancev 
and Nenad Zivic. The mentor of the project is 
Prof. Dr. Dragan Gajic. The aim of the proj-
ect is to promote astronomy and opening the 
first astronomical observatory in Nis, on the 
roof of the Faculty. The obseratory, apart from 
the possibilities of quality astronomical obser-
vations and astrophotography, is equipted for 
the observations to be made over the Internet 
utilizing the concept of “Astronomy from an 
armchair“. Its services are available to high-
school students, faculty students, and all oth-
ers interested. The idea is also to demonstrate 
a new concept in amateur astronomy called 
“Astronomy from the chair”. Astronomy from 
the chair is the name for a concept where ama-
teur astronomers can deal with astronomy from 
their homes using the Internet [3].

The observatory is equipped for night-sky and 
Solar observations. Complete equipment is 
controlled over a computer and observations 
are performed over the Internet. Handling the 
equipment will be simple and will not require 
significant prior observational experience. In 
the following period, video instructions will 
be made for future users. The members  of the 
team will be available for users in need of help 
and instructions.

Project “Astronomy from an 
armchair” in Nis  

Zoran Tomic, 
Department of Physics, Faculty of Science and Mathematics, University of Nis, Visegrad-

ska 33, 18000 Nis, Serbia
zoranzoca@gmail.com

Milan Milosevic,
Department of Physics, Faculty of Science and Mathematics, University of Nis, Visegrad-

ska 33, 18000 Nis, Serbia
mmilan@seenet-mtp.info
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 The progress on the project can be fol-
lowed at a website of the project [4].

2. Equipment at Observatory

In the spherical-shaped observatory, 2.5 meters 
in diameter, a Meade LX200R GPS telescope 
is installed. This telescope posesses a GPS de-
vice which enables precise evaluation of the 
geographical coordinates, time and time zone 
at the position of the telescope. Good polar 
alignment and levelization is essential in order 
for the equipment to work properly and to pro-
vide precise tracking of the observed objects. 
This process is of particular importance for 
telescopes with equatorial mount. For the tele-
scopes with Alt/Azm mount, as the one used 
in this procect is, polar alignment and leveliza-
tion is needed to minimaze the pressure exerted 
upon the motors that enable tracking of astro-
nomical objects. The telescope itself posesses a 
compass and levels according to which it auto-
matically locates North and levelizes itself, so 
presence of an operator who would manualy do 
this is not needed. The telescope also performs 
calculations of the ephemeris based on its cur-
rent location, thereby enabling precise location 
and tracking of astronomical objects. The ob-
jective radius is 203mm, the focal distance is 
2000mm, f/10 with Ritchery-Cretien optics, 
which is excellent for astrophotography. The 
telescope is fully computer-controled, by its 
own computer, meaning that an external com-
puter is not required for the operator to manip-
ulate the telescope. The telescope’s database 
contains roughly 145000 entries of diferent 
astronomical objects. The database is regularly 
updated with information of newly found ob-
jects. The operator is also given the possibility 
of making manual updates himself [1]. 

For astrophotography a Meade DSI III Color 
CCD 1.4 megapixel resolution camera was ac-
quired. This camera allows a high quality, al-
most no noise photograph to be taken, and it 
also allows the photographs to be used in pho-

tometric research of the observed objects, by 
converting them to FITS format. This is an ad-
vantage comparing to the DSLR cameras with 
higher resolution. Auto Star Suite software 
which goes along with the camera is used for 
controlling the telescope and the CCD camera. 
The software automatically removes the noise 
from photographs during the exposition. Expo-
sitions can last from 1/10000 s up to 1 h. High 
Sensitivity Colour Sony EXview HAD™ CCD 
Sensor is built into the camera. The selected 
camera instantly outputs high-quality color 
photographs, so that it would be easily used 
with a minimal amount of prior experience. 
A monochromatic version of the camera also 
exists, however it requires additional filters to 
be provided, as well as processing with an ap-
ropriate software to finally obtain a complete 
color photograph of the observed object. This 
CCD camera can be used for photographing 
deep space objects like galaxies, stellar clus-
ters, planetary nebulae, but objects like the So-
lar system planets and the Moon also. There 
is a very interesting possibility of taking a se-
ries of Jupiter photographs which after an Auto 
Star Suite processing can result in an animation 
of Jupiter’s rotation [2].

Lunt solar telescope with a diameter of 60mm 
and a focal length of 500mm was obtained so 
that the Sun can also be observed and photo-
graphed. This telescope is made specifically 
for this purpose. It contains an H alfa filter, 
which reduces the intesity of Solar radiation 
and allows observation of the Sun. Aside from 
sunspots, Solar prominences, Solar flares, floc-
culi, etc can also be seen on the surface of the 
Sun [2]. With this telescope on-line observa-
tions of Sun will be conducted.

NEQ5 mount was purchased in order to be able 
to organize observations in other locations out-
side the observatory. Plate will be used main-
ly for setting Lunt Solar telescope and Vixen 
100/1000 for night observation. This mount 
has a database of celestial objects, which can 
be updated over the Internet and controlled 
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with hand controller. Mount can also be con-
trolled through the Stellarium application.

Currently team is working on developing soft-
ware for the control of both telescopes remote-
ly, via the web the interface

3. The Current Project Activities

Apart from the construction of the astronomi-
cal observatory, popularization of astronomy is 
also a crucial part of the project. Observations 
of astronomical objects were organized on a 
regular basis for general public, where people 
interested in astronomy had an opportunity to 
see for themselves how the telescope is used 
and how the objects are seen through it. Aside 
from night-time observations, Sun observa-
tions were organized. Two of the mentioned 
activities have already been succesfully orga-
nized. The first being a two-day activity named 
„Dani Sunca i Meseca“ (in English  „Days 
of the Sun and Moon“) and the second dur-
ing the international project „Noć istraživača“ 
(in English „Explorers’ Night“) – Jupiter and 
the Moon observations were carried out, the 
activity named „Pogled u Zemljin svemirski 
komšiluk“ (in English „A look to the Earth’s 
neighbourghood“). The team also managed 
to observe the Venus transit through the Solar 
telescope on the sixth of June 2012, in the early 
morning hours.

Team regularly monitored the interesting astro-
nomical events. In addition to the transit of Ve-
nus, the team successfully filmed and PanStarrs 
comet in 2013. Team had regularly informed 
astronomy lovers in Nis on all of these events.

Number of popular lectures were organized a 
at the the Faculty. Some of the lectures were: 
“Istina je tamo negde” (in English “The truth is 
out there”), “Odlaže se smak sveta do daljneg” 
(in English “End of the world is postponed 
until further notice”), “Komete (ni)su tako 
strašne” (in English “Comets are (not) so ter-
rible”), “Žene definitivno (ni)su sa Venere” (in 
English “Definitely women are (not)  from Ve-
nus”) etc. For each lecture a large number of 
citizens attended and always had a number of 
interesting questions for the speakers.

Since the goal of the project is to enable as 
many people to attend the lectures that take 
place, lectures can be followed on-line. Thus 
creating the conditions those other astronomy 
lovers from Serbia and beyond can follow as-
tronomical happenings. The same system is 
used today for on-line observations events. 
Statistics show that there is great interest in 
this type of lectures, but still a significant part 
of the audience prefers to personally attend the 
lectures. Recordings of all lectures are avail-
able on the YouTube channel of the project.

Team has been a participant at two conferenc-
es: IEEESTEC 5th student projects conference 
at Faculty of Electronics in Nis and XXXI Re-
public Seminar about teaching Physics in Vrn-
jacka Banja.

Project was also presented at Science Festivals 
in Nis and Krusevac. In Nis, project idea and 
achieved results were presented, but due to bad 
weather conditions there wasn’t observing. In 
Krusevac team together with AS “Eureka” or-
ganized observing of the Sun during the fes-
tival. Many people saw for the first time how 
Solar telescopes looks like and were able to see 
how the details on Sun’s surface.

In May work on Observatory was finished. 
The equipment was installed in the dome and 
last test were done. The observatory was fully 
prepared for the opening ceremony, which was 
held in May 2013.

Figure 1 - Transit of Venus
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4. Opening of the Observatory

On May 30th, 2013 was the grand opening of 
the first astronomical observatory in Nis. At 
the opening ceremony attended the dean of 
the Faculty of Science and Mathematic and 
representatives of University of Nis,  Program 
„Pokreni se za buducnost“, Philip Morris Op-
erations a.d., the SEENET-MPT Office Nis and 
the Section of Serbian Physical Society – Nis 
Official opening of the observatory accompa-
nied  national media and many local media. 
Just before the opening of the observatory, so-
lar flare was successfully captured with equip-
ment in observatory. The opening ceremony 
was broadcast live over the Internet. 

Figure 2 - Zoran Tomic and TV reporter

In the evening part of the ceremony the audi-
ence had the opportunity to attend a lecture 
titled „Koliko su daleko zvezde“ (in Eng-
lish “How far away are the stars?”) and „As-
tronomija iz fotelje“ (in English “Astronomy 
from the armchair”). The audience also had the 
opportunity to visit the observatory. 

5. First on-line Observing Event

First on-line observing even from Observatory 
took place on June 20th. For the first observa-
tion Saturn and Moon were chosen. Observing 
event was broadcasted over the Internet where 

public could also communicate with the opera-
tors of telescopes via chat. Observing lasted for 
just over an hour and around 400 people, not 
only in Serbia but also from abroad attended 
this event On the Internet immediately after 
observing was released a video of the entire 
event so that all interested people can view it, 
while on project website photos taken during 
the event were published.

Figure 3 - Saturn taken during first on-line observing event

In the future a greater number of observing 
events will be organized and they will always 
be thematically organized.

6. Observatory Visitors

Apart from organizing on-line events, obser-
vatory is open for visitors. Since the opening 
of the observatory until June 25th  Observa-
tory had about 50 visitors. For each group of 
visitors observing with telescope is organized 
and also interesting presentation regarding the 
night sky. The biggest success is that many 
young children want to visit the observatory 
and for the first time have the opportunity to 
observe objects through a telescope.

On website of the project is an on-line applica-
tion that interested gropus can fill to visit the ob-
servatory. Based on the number of applications 
received it can be concluded that there is great 
interest of the citizens to visit observatory.
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7. Plans for the Future

In future more public lectures will be orga-
nized at the Faculty of Science and Mathemat-
ics. Public observations over the Internet will 
also be organized. The advantage of such pro-
gram  is the usage of modern equipment for 
observing events and astrophotography , which 
enables us to distinguish far more details of 
the observed object than the human eye can 
with just looking through the same telescope. 
Hence, the public will get a more detailed per-
spective of known astronomical objects and to 
store the photographs on their computers dur-
ing observations. 

Figure 4 - Prof. Dr Dragan Gajic and the youngest visitors in front of 
the observatory

The team of students will, as a part of the proj-
ect, set up an astronomy and astrophotography 
course, where applicants can learn the basics 
of astronomy as a science, the celestial sphere, 
coordinate systems, observable objects, obser-
vational techniques and photographing tech-
niques. The goal of the course is to create an 
additional group of trained volunteers to be in-
volved in the further development of this and 
feature projects.

There will also be an open possibility for re-
search for students, particularly in the field of 
photometry. 

At the end of the project, a display of astro-
photographs taken during the realization of the 
project will be organized.
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Abstract 

We describe the actions  directed to improve the 
quality of Astronomy Teaching and Science Ed-
ucation  by two Brazilian universities in South-
ern Brazil that are partners of  GTTP:  Federal 
University of Rio Grande do Sul (UFRGS), 
and Federal University of Pelotas (UFPel). We 
show how these institutions included the GTTP 
sessions in their activities, getting better public 
involvement through teacher´s valorization of 
Astronomy.

Keywords

Astronomy Teaching, Brazil, GTTP, Science 
Education.

1. Introduction

The need to better prepare teachers to address 
astronomy contents with their students is a sub-

ject that began to draw attention in the context 
of science education in Brazil in the late 1990s, 
when the importance of Astronomy for scien-
tific literacy of the population was recognized, 
and Astronomy topics were included in the of-
ficial curriculum of basic education in Brazil-
ian schools.  At present, the Brazilian scientific 
community is well aware of its responsibility 
in improving basic education in the country 
and the almost 700  professional astronomers 
currently existing  in Brazil [1] know it’s time 
to share with the population the knowledge re-
sulting from the great development of Brazilian 
astronomy in the last 40 years.

The celebration of the International Year of As-
tronomy in 2009 boosted  some existing train-
ing programs for science teachers  and led to 
the development of others, including the still 
timid Brazilian partnership with the Galileo 
Teacher Training Program.

 In this paper we describe the actions taken 
in this direction at Federal University of Rio 
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Grande do Sul (UFRGS) and Federal Univer-
sity of Pelotas (UFPel). 

2. Activities developed by Federal 
University of Rio Grande do Sul

The Department of Astronomy of Universi-
dade Federal do Rio Grande do Sul is part of 
the Physics Institute and is linked to the Astro-
nomical Observatory, that includes the Central 
Observatory, the Morro Santana Observatory  
and  the Itinerant Observatory. It is composed  
of  12 professors and  about 20  graduate and 10 
undergraduate students, with research in  Stel-
lar Astrophysics, Galactic and Extragalactic 
Astronomy; the professors teach  in undergrad-
uate and graduate levels, and are also engaged 
in many outreach activities, such as extension 
courses for teachers or general publics, produc-
tion of multimedia texts, public talks, promo-
tion of Astronomy exhibitions. Some relevant 
activities of the involved people are: 

2.1 Galileo Teacher Training Program 

The partnership of the Universidade Federal do 
Rio Grande do Sul with GTTP started officially 
in 2009,  when UFRGS hosted 

the first Galileo Teacher Training Program 
(GTTP) session in South America, that  was 
held in Porto Alegre (RS-Brazil) on July 22-24 
2009 (Fig. 1) within the program of the 2009 
GHOU Meeting. It was attended by 12 school 
teachers (most of them high school physics 
teachers), 6 undergraduate students preparing 
to be physics teachers and a few invited astron-
omy educators.

In that occaison, eleven instructors from Por-
tugal, United States and France trained these 
in-service and future teachers in the use of soft-
wares SalsaJ, Stellarium, Universe Quest and 
Google docs, and showed how to apply them 
to the school curriculum with activities such 
as Measuring distance to Cepheids, Hubble 
expansion, and Discovering extrasolar plan-

ets. The attendants had the opportunity to learn 
how to access robotic telescopes, how to use 
a celestial planisphere, how to use a digital 
camera for capturing images of the night sky 
and how to participate in the GHOU Asteroid 
Search Campaign. There were two observing 
sessions with telescopes.

Figure 1: Participants of the first GTTP session in South 
America.

The second GTTP session  promoted by UFRGS 
was held again in Porto Alegre, on July 2010, 
with duration  of three days. It was attended by 
18 school teachers, and 6 undergraduate stu-
dents preparing to be physics teachers. This 
time  all the 8 instructors were professors at 
UFRGS or other Brazilian Universities, but the 
program was very similar to that of the first ses-
sion, with few  exceptions: instead of Google  
Docs and  Universe Quest activities the teach-
ers  learned how to build sundials and  models 
to study lunar phases and eclipses.  The  Dis-
covering Extra-solar planets and  the Hubble 
expansion activities were made with  the Bra-
zilian-Portuguese versions of the original study 
guides. The workshop ended with a lecture on 
Cosmology.

The third GTTP session promoted by UFRGS 
was held in Gramado, on October 2012 (Fig 2), 
and  was attended by 20 school teachers and 
5 undergraduate students. The workshop took 
place in parallel with an international sympo-
sium of Astrophysics, and several astrophysi-
cists professors at the Astronomy Department 
of UFRGS  who were present at the symposium 
contributed  to the GTTP workshop giving lec-
tures on Cosmology, Galaxies, Black Holes, 
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Stellar evolution, Solar system and  Search for 
extraterrestrial  life. The workshop had dura-
tion of 4 days, with the lectures happening in 
the morning,  the hands-on activities on the af-
ternoon, and  telescopic observations at nigh.  
These activities included  Salsa J, Stellarium, 
celestial planispheres,   model for the apparent 
motion of the Sun, sundial, lunar phases and 
eclipss,   solar system to scale,  expansion of  
universe . The program also included 14 hours 
of complementary distance learning activities.

Figura 2: Participans of the GTTP session in Gramado, 
Oct 2012, measuring the angular size of  an object in the 
solar system to scale activity. 

The GTTP – Porto Alegre website
(http://www.if.ufrgs.br/cref/gttp/gttp.htm), 
contains the program, photos and other details 
of the GTTP sessions, links to softwares and 
also a modest but varied list of activities for As-
tronomy teaching. 

2.2  Itinerant Educative Observatory (OEI) 

This is a permanent program of the Depart-
ment of Astronomy since 1999. It aims to lec-
ture Astronomy to teachers of fundamental and 
middle levels,  using attractive resources such 
as telescopic observations, audiovisuals, and 
multimedia. The material resources are a van, 
Meade 12” telescope, binoculars, experimen-
tal kits, and computer and data-shows. The are 
requested by different cities of Rio Grande do 
Sul and nearby states, and are organized by a 
local committee of the requesting city. The OEI 

goes to the city taking the instructors (profes-
sors and graduate students of the Department 
of Astronomy) and the instructional material. 
The courses last between 24 and 45 hours (3 
to 5 days) depending on the availability of the 
attendants and the costs of travel and lodging. 
The program includes a hypertext that can be 
accessed  online at (http://www.if.ufrgs.br/oei/
index.html).

OEI was recently selected by the federal gov-
ernment to receive  funds in 2014. The funds 
will  finance 10  training courses, outreach ac-
tivities and scientific literacy for teachers and 
the general public of the southern states of the 
Brazil.

2.3  Adventurers of the universe: University 
+ School treading together new paths”

The Adventurers are a recent program  pro-
moted  by the Department of Astronomy. It 
develops transdiciplinary didatic sequences 
where  Astronomy is the central focus to  moti-
vate different processes of teaching and learn-
ing. Targeting teachers from high schools and 
elementary schools located on  socially vulner-
able communities,  considering different learn-
ing levels, designed for direct use in the class-
room. The sequences use both new educational 
technologies and traditional materials. Un-
dergraduate students preparing to be physics/
mathematics/biology and geography teachers 
act directly with the teacher to gain experience. 
Furthermore undergraduate students partici-
pate in national scientific meetings presenting 
the achieved results.

The objective of the program is to contribute 
in the didactic transposition through of the dis-
cussion about how to relate astronomy with 
other science and non-science disciplines. Ac-
tually, it should be highlighted that astronomy 
does not consist of observing a static Universe 
– the Universe is ever changing and its obser-
vation involves its transformation. Hence, for 
the purposes of this project, which is intimately 
related to empowering socially vulnerable stu-
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dents to transform their own (social, political, 
environmental) context, we focused on three 
major questions: (1) How  does the Universe 
look like and what is my place in it? (2) Is the 
Universe always the same? What changes in it? 
(3) How do we participate in the transforma-
tion of the Universe? Once we understand how 
each discipline contributes to answering these 
questions in their own fields, Astronomy’s 
contribution for designing the transdisciplinary 
curricula is straightforward. 

The program performs activities in collabora-
tion with other programs and projects like OEI, 
GTTP, and Globo Local (http://www.globolo-
cal.net). The Adventurers began in 2012, when, 
through collaboration with 20 teachers of one 
school, were developed didactic sequences and 
outreach activities that impacted 900 students. 
In the current year, the collaborations were ex-
panded to include teachers and students of 3 
other schools.

Figure 3: Top: Observation of Equinox (left) and science fair (right). 
Bottom: Student discusses about Solar System (left) and how can to 
launch pet bottle rockets in Porto Alegre (right). 

2.4 Astronomy for the Community

This program, promoted by the Astronomical 
Observatory,  consists of daily public visits to 
the Observatory, open to schools and  general 
public. The visitors learn about the most im-
portant astronomical events at the time, and, 
if the weather is good, they can observe the 
sky with the Gautier (7.5 inch) and Meade (10 
inch) telescopes.

2.5 Exploration of the Universe

This is an undergraduate introductory astrono-
my course directed to science and non-science 
major students at the University. It is also of-
fered  as extension course to teachers of funda-
mental and middle levels, in collaboration with 
the Planetarium  of  UFRGS.

2.6 Observations of Equinoxes and Solstices

This activity initiated as part of an international 
project Brazil-Uruguay-Argentina for joint ob-
servations of equinoxes and solstices, measur-
ing the shadows cast by several gnomons and 
materializing sun rays passing through the top 
of the gnomons with line threads (Fig. 4).

Figure 4.  Observations of equinoxes and solstices in Porto Alegre.

3. Activities developed by Federal 
University of Pelotas

The teaching and outreach activities developed 
at UFPel are done by the Laboratory of Astron-
omy at the Physics and Mathematics Institute 
(IFM). The laboratory group is composed es-
sentially by one astronomer, one physicist and 
twelve students from different undergraduation 
courses. Also the group is supported by a lo-
cal amateur astronomer mainly at observations 
activities. Since the International Year of As-
tronomy (AIA2009), when the Laboratory was 
a local organization node, the activities get 
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improved with support of other Brazilian insti-
tutions, like Federal University of Rio Grande 
do Sul (UFRGS), Brazilian Olympiad of As-
tronomy and Astronautics (OBA) and Brazil-
ian Astronomy Society (SAB). UFPel acquired 
a mobile planetarium and the fixed planetarium 
equipment.

3.1 Expositions

The Astronomy Laboratory has three exposi-
tions: “Astronomic objects observed by Galileo 
Galilei”, “At Home, at the Universe” and “Cos-
mic Landscapes – Brazilian version of ‘From 
Earth to the Universe’“(Fig. 5). The last two 
can be lent by schools and are exposed at the 
Laboratory places. 

Presently the first exposition will be enlarged 
to focus on astronomic image improvement, 
comparing Galileo’s’ drawings to Voyager’s 
and present images.

Finally the Astronomy group are preparing a 
new exposition with full accessibility, about 
what is a today observation, focusing on the 
“astronomy blindness”, as it is done by the 
book “Hidden Universe” [2].

Figure 5. Brazilian version of “From Earth to the Universe” exposition.

3.2 Astronomy observations

Monthly, during first quarter Moon Wednesday 
nights, telescopes and binoculars are brought 
to downtown city to show people the moon, 
visible planets, nebula and other visible ob-
jects. Twice a year, mainly at meteor shower, 

are organized dark place observations (Fig. 6) 
The group has participated on simultaneous 
observations of solstices and equinox, as well 
as international campaigns, such as “Globe at 
Night!” and “International Observe the Moon 
Night”. 

Figure 6. Monthly first quarter Moon Wednesday observations. 

3.3 Planetarium sessions

While the fixed planetarium building is not 
constructed, the mobile planetarium (Fig. 7) 
is fixed at UFPel because most schools do not 
have places which fit its size (6m diameter). 
Also the mobile planetarium can be bought to 
local and academic events. A Brazilian govern-
ment program which is supporting the plane-
tarium activities will provide a vehicle to turn 
itineration a reality. As an academic place, the 
project comprehends students from different 
undergraduation courses, like movie and art 
design, in order to produce new programs for 
the planetarium sessions.

Figure 7. School students visiting the mobile planetarium.
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3.4 Galileo Teacher Training Program and 
Carl Sagan Lecture Cycle

UFPel has got engaged to Galileo Teacher 
Training Program through UFRGS efforts. Af-
ter participating at the second version of GTTP 
in Porto Alegre in 2010, and understanding the 
general structure of its sessions, UFPel held  its 
own session in 2011(Fig.8). It was also consid-
ered as a national teacher meeting of Astrono-
my, called “XXII Local Meeting of Astronomy 
Teaching” (EREA in Portuguese), sponsored 
by OBA.  The meeting was organized together 
with a public and private schools of Pelotas.

With support of OBA, GTTP general organi-
zation, UFRGS and UFSCar, the program was 
composed by invited talks, hands-on activi-
ties, software workshops, local teachers pre-
sentations and observations activities. It was 
attended by 34 teachers (Physics, Geography, 
Science and Primary first years), 29 undergrad-
uation students and some high school students 
which were participating at OBA. 

The periodicity of GTTP workshops is biennual 
because the group also organizes the “Carl Sa-
gan Lecture Cicle”, in which invited research-
ers come to talk about Carl Sagan’s interest 
subjects, like Cosmology, Planets Exploration, 
Exobiology, Outreach, etc. The first cicle oc-
cured in september 2010, celebrating the Cos-
mos Series’30 years. In 2012, the second cicle 
was  in november celebrating the Carl Sagan’s 
day. The second GTTP workshop will be held 
in this year.

Figure 8. First GTTP workshop at UFPEL.

As can be seen, the GTTP partnership provided 
to UFPel Astronomy Laboratory the possibility 
to develop the continuing formation of teach-
ers who intend to insert Astronomy at formal 
education, complementing the  outreach activi-
ties also available to the teachers..

4. Final Comments

There is a variety of actions under development 
in Brazil aiming teacher training for astronomy 
teaching and popularization of astronomy; we 
showed in this work only those that are orga-
nized by the universities we are affiliated to. At 
UFRGS, for example, the projects GTTP and   
OEI have basically the same goals, and in order 
to preserve both of them we must unite efforts 
to facilitate obtaining financial funds and col-
laborators for the training sessions.  The last 
two GTTP workshops, in Pelotas (out 2011), 
and Gramado (Nov 2012), have been orga-
nized collaboratively with different projects 
(OEI, Adventurers of Universe, EREA).

At this time, we lack an effective evaluation 
of the impact of these actions in the practice 
of teachers, but we know that, at least with re-
spect to GTTP, we are far from achieving the 
goals initially proposed. Most teachers that 
participate in the training sessions feel moti-
vated by the lectures, by the activities, by the 
new resources they are presented to, but are not 
confident enough for applying them in their 
classes, or because do not understand clearly 
the subject, or because do not know how to 
use the resource, or because the school does 
not have the necessary infrastructure, or for all 
these reasons. This is especially true with those 
activities that make use of technologies of in-
formation. 

Thus, until now, the multiplicative effect of the 
training sessions is very small. A factor that 
contributes to this is the lack of structure to 
give support to the teachers after the workshop 
in order to incentivise them to use the new re-
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sources with their students. 

In the last GTTP session we had, in Oct. 2012 
in Gramado, the proposal of complementary 
credit hours to those teachers who proved the 
application of some learned resource in the 
classroom, served as a great stimulus to the 
course participants, and allowed the certifica-
tion of several Galileo Teachers. The enthusi-
asm demonstrated by most teachers in doing 
the proposed tasks, posting in the internet and 
commenting on each other posts,  all these 
seems to point to that we are on the right way.

At present we are planning a new workshop to 
be held in Pelotas or in Florianopolis, during 
the Latin America Regional IAU Meeting, in 
November 2013.
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Abstract

GalileoMobile is an itinerant outreach project 
to share astronomy with young people in re-
gions lacking educational resources, to foster 
a will of learning through the wonders of the 
Universe and exchange different views of the 
cosmos.

All the activities and teacher workshops per-
formed during our school visits are based on 
the “GalileoMobile handbook”, of which we 
leave an exemplar to each visited school. This 
handbook comprises 21 activities inspired by 
multiple online sources, adapted to a common 
classroom-friendly format. 

The activities are tailored for primary, middle 
and secondary schools and cover topics rang-
ing from Stars and constellations, the Solar 
System, Galaxies and Optics.

The activities use low-cost materials to be do-
able anywhere in the world, and are as interac-
tive as possible to convey a feeling of “learning 
together under a same sky”.

The handbook is free to be shared with the com-
munity, English and Spanish versions being 
currently available to download on our website 
(Portuguese and Hindi versions are in prog-
ress): www.galileo-mobile.org.

Keywords

Primary education – Secondary education – 
Hands-on – low-cost 

1. Selection of the Activities

The 21 activities composing the GalileoMobile 
handbook are the result of an extensive search 
through various didactic sources devoted to 
teaching physics and astronomy (UNAWE, 
GTTP, Stanford Solar Center, NASA, NOAO, 
National School’s Observatory UK, ESO, 
among others).

They have been selected according to the fol-
lowing criteria. First the activities have to use 
only low-cost and easy-to-find materials, in or-
der to be doable anywhere in the world includ-
ing developing countries. In addition, this cri-
terion also conveys the message that scientific 
experimentation and (personal) discoveries can 
be done without the need of costly facilities.

Second, the activities have to be hands-on and 
playful, for the students to “learn by doing” 
while enjoying the fun side of science.

Third, most of the activities (except the “teach 
yourself” ones, see Sect. 2) require interactiv-
ity among the students and between students 
and the teachers. This not only encourages a 
didactic shift from a more “frontal” and tra-

The GalileoMobile Handbook :  
Interactive astronomy activities with 

low-cost materials

Philippe Kobel (on behalf of the GalileoMobile team)
LMH-EPFL, Av. De Cour 33 bis, 1007 Lausanne

Philippe.kobel@gmail.com
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ditional way of teaching to a more interactive 
one (through analysis questions, team work, 
inquiry-based learning), but most importantly 
instigates a feeling of “learning together under 
a same sky”, which is at the core of the Galil-
eoMobile spirit.1 

Finally, for the sake of an itinerant project hav-
ing restricted time in schools, the essential part 
of each activity can be carried out in a relatively 
short time (30-60 min), even though the hand-
book contains enough background information 
and deepening parts for the teachers to expand 
the activities to several didactic hours.

Note that the criterion of using low-cost ma-
terials implies that all activities but one do not 
absolutely require a computer. However, the 
appendix of the handbook contains several ac-
companying images and movies that can be 
conveniently projected via a computer and a 
beamer, and the deepening parts of some ac-
tivities also encourage the use of free softwares 
such as SalsaJ or Stellarium.

2. Adaptation and Format  
of the Activities

After their selection, all the activities have been 
cast into a common classroom-friendly and 
print-friendly layout, including a cover page 
(see Sect. 3) and illustrations.

Additional explanations of background con-
cepts have also been included, since previous 
knowledge is often required to understand the 
activity in detail. In general the concepts de-
scribed in the GalileoMobile Handbook are 
treated in a simple and clear way. However, if 
you find that topic or concept is not sufficiently 
explained, we hope the information we provide 
can serve as an inspiration to find out more 
about it in other ways (e.g., books, internet, or 
by asking experts of the field).
1 During our expeditions, this spirit permits to show that science 
can overcome social and cultural boundaries and can therefore 
be used as vector of unity between people.

An analysis section was also added to each ac-
tivity, as a deepening part where the main con-
cepts are treated in greater detail. This section 
includes questions that the participants should 
answer after doing the main body of the activ-
ity. Answers to the questions are included in 
italics.

All the activities have been translated to com-
mon languages are currently available on our 
website in English and Spanish (Portuguese 
and Hindi versions are underway).

3. Structure and Contents  
of the Handbook

From the 21 activities of the handbook, 10 are 
tailored from primary schools, 4 to secondary 
schools and 7 to middle schools.

The handbook is structured in four parts ac-
cording to the following astronomical topics:

1. Stars and constellations

2. Solar system (Sun and planets)

3. Beyond the solar system (nebulae, galaxies)

4. Light and optics

Each activity in the GalileoMobile handbook 
features a cover page with a short and concise 
description of the activity. It contains a table 
summarizing the activity basics: the intended 
age group, the activity duration, necessary ma-
terials, and methodological category.

The methodological categories are:

1. Experiments

2. Creation

3. Teach-yourself

4. Inquiry-based
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Activities belonging to the Creation category 
involve some creativity parts in, for instance, 
adding colours, cutting pieces in various shapes 
etc. Activities belonging to the Teach-yourself 
category can be performed without the need 
of a teacher. Inquiry-based activities involve 
parts of a research process (such as designing 
a measurement strategy, building a model and 
making predictions, explaining one’s results to 
peers, etc.).

Following the activity cover page is a page 
listing “Learning goals”. These are intended 
as hints for school teachers about the concepts, 
process skills (know-how) and attitudes that 
can be taught through the activity. These goals 
can be used as benchmarks to evaluate the suc-
cess of an activity.

4. Examples

To illustrate the format and contents of the 
handbook activities, we will give examples 
taken from the “Equatorial sundial” activity, 
which can be carried out with primary school 
students as well as with secondary.

In this activity, students realize a simple equa-
torial sundial made out of paper. The original 
sundial design was taken from Sky&Telescope. 
The sundial template was modified to be use-
able at any latitudes from 0° to 50° and in both 
northern and southern hemispheres.

The cover page of the activity is shown in Fig-
ure 1 and the procedure part of the activity in 
Figure 2 (how to mount the sundial).

Figure 1. Cover page

Figure 2. Procedure part

Figure 3. Analysis part 1
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Figure 4. Analysis part 2

Figure 5. One deepening part

The learning goals of this activity are:

Concepts:

• The rotation of the Earth causes the Sun and 
stars to have an apparent 24h-periodic motion.

• We can use the periodic motion of the Sun 
to measure the time of the day by following a 
shadow.

• Latitude and angles

• The revolution of the Earth around the Sun 
throughout the year.

Science process skills:

• Build an instrument with simple materials

• Make explanatory drawing with angles
(secondary students)

Attitudes:

• Realize that complex and precise instruments 
can be made out of simple materials.

• Raise one’s awareness for the genius of our 
ancient civilizations who designed such clocks

This activity belongs both to the Experiments 
and Creation methodological categories, as 
youngsters have the possibility to use un-
marked templates that they can decorate at will 
(e.g. marking the hours in different colours).

While primary school students will feel the 
awe of realizing a simple clock (that works!) 
and understanding how to use of the apparent 
motion of the Sun (Fig. 3), secondary school 
students can try to find out the principle of an 
equatorial sundial by working out the angles 
and orientation of the gnomon (pencil), cf. in 
the analysis part shown in Fig. 4.

With all students, this activity can be used as an 
introduction to the other apparent motion of the 
Sun, i.e. in the course of the year. It can then 
be concluded by discussing the use of sundials 
and solar observatories in ancient civilizations 
(Fig. 5). During GalileoMobile expeditions, 
valuing and raising awareness for the achieve-
ments of the ancestors has always proven a 
vector of exchange and unity between the stu-
dents and our team.

A selection of pictures of running activities in 
Bolivia, Peru and India is given in Fig. 6.

5. Improvements Βased  
  on Lessons Learned

The activities composing the current handbook 
were chosen and compiled for the first time in 
2009, prior to our first expedition in the Andes 
during the International Year of 
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Figure 6. From top to bottom: mimicking the formation of Saturn 
rings (India), building paper sundials (Bolivia), identifying the Moon’s 
features through a puzzle (Peru), building a scaled Solar system with the 
Earth as a peppercorn (India).

Astronomy [1,2]. The handbook has then be the 
main didactic resource of the project, support-
ing the activities that we performed in schools 
during our two major previous expeditions in 
2009 and in 2012 in India [3]. The handbook 
format of the activities proved very practical to 
be left in each visited school (especially after 
the teacher workshops), along with a CD con-
taining the Appendices in electronic format. 
Since 2009, the GalileoMobile activities task 
group has continuously kept working on it by 
adapting and complementing contents accord-
ing to our experiences on the field.

We will not discuss here practical tips regard-
ing the implementation and organization of the 
activities during school visits (since these are 
rather dependent on the time constraints of a 
specific school or expedition), but rather pres-
ent a few examples of lessons learned in the 
field that allowed us to incorporate crucial ad-
ditional details, tips, use of materials or content 
in the handbook and to enhance the original ac-
tivities. The topic of the example activities is 
always given in italics.

Building an equatorial sundial with a sheet of 
paper: The principle of the equatorial sundial 
and the orientation of the gnomon (pencil) can 
be investigated and/or demonstrated using an 
inflatable Earth globe such as the Earth Ball 
(of which we always carry several exemplars 
to give in schools, thanks to UNAWE) [4], cf. 
Fig. 4.

Measuring the rotation period of the Sun from 
the motion of sunspots: A captivating way to 
start the activity is by telling the story of Galileo 
discovering spots on the Sun and the dilemma 
he was confronted with (are they clouds, aster-
oids?). Also, the initial activity was proposed 
only with magnetic maps (magnetograms) of 
the Sun to track the sunspots, but these were 
replaced by more recent continuum images to 
avoid raising immediately the question of the 
magnetic origin of spots and the polarity of the 
magnetic fields.
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Investigating the shape of the Earth orbit from 
the Sun’s diameter: The mathematical notion of 
ellipse can be illustrated with a paper cone and 
a rubber band (better than with drawings). 

Building a heliocentric model with Styrofoam 
balls: When modelling the appearance of Venus 
in the course of its orbit, it is easier to separate 
the problems of the varying apparent size and 
of phases (only the second requiring lights off 
and a torch lamp).

Reproducing the formation of Saturn rings: Ini-
tially the activity used salt dispersed on a rotat-
ing plate to mimic cosmic dust and ice, but it is 
much easier to use slightly wetted sand.

6. Future Work

We are currently in the progress of translating 
all the activities in Portuguese and Hindi, but 
more languages are envisaged (French). The 
versions in various idioms will not only permit 
their common use by the international educa-
tion community, but will also allow the devel-
opment of GalileoMobile local hubs in differ-
ent parts of the world (where local educators 
and astronomers would perform expeditions 
and follow-up).

Following a spirit of exchange beyond borders 
under a same sky, our team is also collaborat-
ing with projects such as “A touch of the Uni-
verse” [5] and “Meet our neighbours” [6], in 
order to develop complement material to share 
our activities as well with the visually-impaired 
youth.
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Abstract

We will introduce HOU courses and activi-
ties in Chinese primary schools, Junior high 
Schools and high schools in this presentation. 
We have developed a curriculum that contains 
the basic knowledge of astronomy, for differ-
ent ages. We also lead students to participate in 
more and more practice activities such as Pin-
hole imaging measurement, Foucault Pendu-
lum experiment, GLOBE at Night observation, 
variable star observation,  astronomy show, In-
ternational Astronomical Search Collaboration 
(IASC), and Eratosthenes measurement. Coop-
eration and development of HOU education in 
China will also be discussed.

Keywords

Hands-On Universe, astronomy course, activi-
ties, thesis

1. Introduction

Hands-On Universe (HOU) is a good educa-
tional program which enables students to in-
vestigate the universe while applying tools and 
principles from science, math, and technol-
ogy. HOU program is actually an educational 
program that takes advantages of the mod-

ern technology, which helps students to learn 
knowledge by doing some simple projects, e.g. 
astronomical research including selecting ob-
jects, practicing observation, data processing 
and composing thesis. 

China HOU has been set up since 2005. We 
have been teaching HOU Course in high 
schools since 2007, in junior high schools 
since 2008 and in primary schools since 2009. 
We have also done a lot of lectures and orga-
nized astronomy shows to the public during 
Science Festival, Institute open day and Sum-
mer Camp.

Collaborating with Beijing Distance Education 
Committee and educational companies, we are 
developing a distance learning system to help 
more students learn HOU courses at the same 
time. We also have been developing a series 
of syllabus for HOU courses designed for stu-
dents with different levels of knowledge.

In addition, we have organized some activi-
ties for teachers and students, such as Galileo 
Teacher Training Program (GTTP) workshop 
Beijing 2012, Galaxy Forum Beijing 2011, 
All China International Astronomical Search 
Collaboration (IASC) 2008-2013, All China 
GLOBE at Night 2010-2013, and All China 
Eratosthenes measurements 2010-2013, etc.

HOU Courses and Activities in 
Chinese Schools

Hongfeng Guo
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2. HOU Course in Chinese Schools

1. Teaching HOU Course in Primary School 

For primary students, we teach them relatively 
simple knowledge including Celestial-Constel-
lation, Earth and Moon, Time and Calendar, 
Solar System, small telescope and simple skills 
such as visual observations, image processing, 
photography and essay writing. We also guide 
students to observe Sunrise/Sunset, shadow, 
Foucault pendulum, Moon phase, and constel-
lations and to make simple measurements of 
height of the Sun, north-south direction, noon 
local time and so on.

A student from Beijing Zhongguancun No. 2 
primary school made an easy Foucault pendu-
lum by himself. In his experiment, it can be 
seen that the swing angle changes clearly after 
a short period. During this experiment, he ob-
served and recorded the marks on the ground. 
Thus the rotation of earth can be justified (see 
Fig. 1). His Paper Hands-On Foucault pen-
dulum awarded the gold prize in Astronomy 
Essay Contest among Beijing primary school 
students.

Figure 1. Αn Easy Foucault pendulum Experiment

2. Teaching HOU Course in Junior High School 
In this level, we basically have the same course 
setting with primary schools. Besides we teach 
some courses that involve more astronomy 
background knowledge and skills, which in-
clude celestial coordinate system, telescope 
observation, astronomy software (e.g. SalsaJ), 
data acquisition, calculating and analysis.

We also guide students to join observations of 
Sun tracks, Foucault pendulum, Moon phase 
change, constellations, and four seasons star.  
We also encourage students show their obser-
vations by painting or by photography.  Mea-
surements of pinhole imaging, north-south 
direction, noon local time, and Eratosthenes 
are important practice activities for junior high 
school students.

We chose a group of students and instruct 
them to do thesis. The topics include Asteroid 
Search, Light Pollution, shadow measurement, 
and so on.

 One of the student for instance, from The 
School Affiliated to Beijing Institute of Tech-
nology who complete a thesis with title of 
measuring the summer solstice shadow length 
parameter for understanding the Earth. Dur-
ing the measurement, he recorded a series data 
(see Fig 2), analysis the error and modified the 
tools.

His thesis got the Second award of Beijing 
high school student Astronomy Thesis Contest.

Figure 2.  Data of Eratosthenes measurements

We have leaded more than 300 students from 
100 schools join the International Astronomi-
cal Search Collaboration (IASC) since 2008 
and have got 36 main belt discoveries and 21 
confirmations.

3. Teaching HOU Course in High School 
We mainly teach high school students about 
astronomy history, achievement, new progress, 
and more technical abilities such as telescope 
operation, object observation, astronomy soft-
ware, image processing, data analysis, paper 
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writing and presentation preparing. Those 
courses help students understand scientific 
works deeply.

We also encourage high school students to learn 
basic astronomy by reading and via the inter-
net. We just teach them the important concep-
tion such as stellar systems, the universe, star 
revolution, variable star, telescope technique, 
and celestial coordinate system.

Finally, we instruct students to do thesis. For 
instance, a group of students from Beijing No 
35 high school have completed a thesis with 
title of Observation and Light Analysis of the 
Binary Star DS Psc. They studied variable star 
observation and the characteristics of the W 
UMa-type eclipsing binary star, analyzed the 
light curve (see Fig. 3) and the profile of its orbit 
with WD program. Some fundamental param-
eters are obtained. In addition, by comparing 
the difference of the minimal epochs between 
the model and observation, i.e. the values of O 
− C, they concluded that the period of DS Psc 
is stable. In the work, some innovative methods 
were used to derive the physical parameters of 
the star. This paper has been published and got 
the first Prize of 33rd Session of the Beijing 
Youth Science Creation Competition, the high-
est high school student’s competition.

3. HOU Activities after Schools 

We organize many activities to help students 
get deeper understanding of principles and im-
prove skills. 

1. GLOBE at Night

The Global Learning and Observations to Ben-
efit the Environment (GLOBE) at Night is an 
annual campaign in winter and spring.  We have 
organized Chinese students to join GLOBE at 
Night since 2010. We not only guide students 
to participate in this meaningful international 
activity, but also encourage student to go to 
different places and have many local observa-
tions, then do analysis about light pollution for 
a specific area.

The following is an essay from one of our stu-
dent group. They said that they came to a hill 
at suburban area of Beijing. On the top of the 
hill, they could find many stars very clearly and 
could see the brightest Orion that they had ever 
seen. When they were on the half way down the 
hill, only a few of stars could be found. When 
they came back to the downtown Beijing, it was 
very hard to see any star (Fig.4). They analysed 
the data and got a statistical result to show the 
degree of light pollution in the area (Fig. 5). 
They felt the light pollution was very serious at 
urban areas in China. Thus they call for reduc-
ing excessive lighting at city center.

Figure 3. Light curve of DS Psc Figure 4. Urban and city image series
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Figure 5. Statistics of light pollution in the areas

2. I-Collaboratory

I-Collaboratory is a student’s Online commu-
nication system developed by Northwestern 
University. We encourage students to join this 
program to make their own webpage and share 
their stories and images with students all over 
the world. One of our students’ painting, Moon 
Phase Series was chosen and shown on the top 
page (see Fig.6).

Figure 6. Moon Phase Series 

4. Conclusion

From all the activities that I discussed above, 
we can safely conclude that HOU developed 
very fast in china during these years. By the 
hard work of teachers and our colleagues, 

many students and schools were benefited. So 
far, people in China have recognized the im-
portance and advantage of Hands-On courses 
and many schools, parents, and organization 
want to join us and help add it to the school-
based teaching system. 

5. Future Work

In the future, we need a program description 
for primary school, junior high school, and 
high school period. It will include the knowl-
edge that we teach and the abilities that those 
courses can practice. 

6. Acknowledgements

China HOU Thanks the following helps from 
Global Hands-On Universe for providing re-
source, EU-HOU for offering SalsaJ software, 
Hardin-Simmons University for IASC service 
and Northwestern University for I-Collabora-
tory system, and France and Japan HOU for 
teaching material. We also very appreciate oth-
er personal helps.

7. References (and Notes)

[1] Pennypacker,Carl, 2007, “Hands on Uni-
verse Applications”, AAS, Vol. 38, p.1055

[2] Hongfeng Guo, 2007, “Progress of China 
HOU”, proceedings of GHOU Conference 
2007.

[3] Hongfeng Guo & Huilai Cao, 2005, 
“Introduction of Hands On Universe”, China 
Amateur Astronomer, July, p. 10-13.

[4] Hongfeng Guo, 2006, "HOU in China", 
China Computerwould, No. 3, Vol 1127, pp. 
B12.

[5] Hongfeng Guo, 2007, “China Distance 
Education Observatory and China HOU Prog-



193

DISCOVER THE COSMOS CONFERENCE

ress”, China Amateur Astronomer, Sep.

[6] Hongfeng Guo, 2008, “International As-
tronomical Search Campaign (IASC)”, China 
Amateur Astronomer, Oct.

[6] Hongfeng Guo, 2009, “2009 IYA and 
GTTP Activities ”, China Amateur Astrono-
mer.

[7] Hongfeng Guo, 2010, “GTTP in China”, 
Chinese S&T Education, Feb.

[8] Hongfeng Guo, 2010, “GLOBE at Night in 
China”, Chinese S&T Education, March.

[9] Hongfeng Guo, 2010, “Solar System 
Show”, Chinese S&T Education, Apr.

[10] Hongfeng Guo, 2010, “measuring the 
summer solstice shadow”, Chinese S&T Edu-
cation, June.

[11] Hongfeng Guo, 2011, “Significance of 
Shadow Measure  Activities”, China Amateur 
Astronomer, July.

[12] Hongfeng Guo, 2013, “Action to protect 
the night”, China Amateur Astronomer, Jan.



194

e-Infrastructure for an Engaging Science Classroom



195

DISCOVER THE COSMOS CONFERENCE

Abstract

This paper presents a review of the training 
programmes for science teachers in Nepal by 
different local, national, regional and inter-
national institutions. Teacher Training pro-
grammes of Nepal Academy of Science and 
Technology (NAST), an autonomous apex 
body established in 1982 to promote science 
and technology, B.P. Koirala Memorial Plan-
etarium, Observatory and Science Museum 
Development Board, established in 1992 by 
the Government of Nepal (GON) in order to 
establish Planetaria, Observatories and Sci-
ence Museums in Nepal, are highlighted in 
brief. The initiation of Galileo Teachers Train-
ing Programme (GTTP) by Nepal Astronomi-
cal Society (NASO) in 2012 and successful 
implementation in the year 2012 and 2013 will 
be discussed. The problems encountered dur-

ing the planning/execution of GTTP and their 
impact to the science teachers’ community will 
be discussed in detail.

1. Introduction

Nepal Academy of Science and Technology 
(NAST) is an autonomous apex body estab-
lished in 1982 to promote science and  technol-
ogy in the country. The Academy is entrusted 
with four major objectives: advancement of 
science and technology for all-round develop-
ment of the nation; preservation and further 
modernization of indigenous technologies; 
promotion of research in science and technolo-
gy; and identification and facilitation of appro-
priate technology transfer [1]. Government of 
Nepal has established B.P. Koirala Memorial 
Planetarium, Observatory and Science Muse-
um Development Board (BPKMPOSMDB) in 
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1992 in order to establish Planetaria, Observa-
tories and Science Museums in Nepal & con-
duct research activities in the area of Astron-
omy, Astrophysics and Cosmology [2]. The 
pre-down year of the Transit of Venus (TOV) 
in 2004 brought enthusiasm among Nepalese 
students and teachers to establish Astronomy 
Clubs in different parts of Nepal providing bet-
ter opportunity for people who love astronomy 
[3]. The momentum gained through the TOV in 
2004 could not remain for a long time and the 
clubs established in the year 2003 and around 
became obsolete in the following years.

The Government of Nepal (GoN) has been fre-
quently organizing teacher training programs 
for secondary school science teachers with 
the establishment of NAST in 1982 and BP-
KMPOSMDB in 1992   in different regions of 
Nepal. The Science Teacher Training Program 
held in Kathmandu in 2007 motivated a group 
of students to establish Nepal Astronomical 
Society (NASO) as an umbrella institution pro-
moting science education through astronomy 
and space science outreach in Nepal [4]. The 
celebration of International Heliophysical Year 
in 2007 and 2008 and International Year of As-
tronomy (IYA) in 2009 stimulated the youths 
of Nepal towards astronomy education in Ne-
pal [5]. Now NASO is extensively celebrating 
beyond IYA with strong alliance with the exist-
ing and active astronomy clubs in Nepal and 
abroad [6]. Though GTTP was conceived since 
IYA2009, the implementation to the Nepalese 
astronomical community comes in reality only 
in the year 2012.

2. Methodology

NASO in association with ESPRO Founda-
tion and GHOU-Nepal Chapter along with 
other institutions have been organizing Galileo 
Teacher Training Program (GTTP) since 2012. 
In 2012, GTTP was organized in Kathmandu 
and proved successful to attract 33 secondary 
level science teachers from 7 different districts 

of Nepal covering eastern to western Nepal [7]. 
In 2013, the training was organized in Pokhara 
in order to provide more opportunity for the 
science teachers and communicators from 
Western and  Mid-Western Regions of Nepal 
[8]. With the two sessions of GTTP in 2012 
and 2013, NASO produced Galileo Teachers in 
12 districts in 4 development regions of Ne-
pal. Nepal has 75 districts in 5 development 
regions.

Figure 1, Participants geographical distribution for GTTP2012

Figure 2, Participants geographical distribution for GTTP2013

The black circles in the above maps represent 
the districts that were represented by the Certi-
fied Galileo Teachers.

Besides the annual GTTP sessions, NASO 
has been organizing several GTTP sessions 
for special occasions or groups in Nepal. Dur-
ing Transit of Venus 2012, NASO organized 
GTTP session as a part of AstroFest-ToV2012 
Nepal at Russian Center of Science and Cul-
ture where Science Teachers from 7 different 
schools participated with their students to learn 
on safe observation of ToV from Nepal [9].



197

DISCOVER THE COSMOS CONFERENCE

Figure 3, Participants for group photo at Eureka high School during 
GTTP2013 in Pokhara

Figure 4, Dr. Rishi Shah, Academician-Nepal Academy of Science and 
Technology (NAST) addressing the GTTP participants at Eureka High 
School in Kathmandu

3. Conclusion

With the organization of GTTP sessions in 2012 
and 2013, so far seventy six ‘Galileo Teacher’ 
in twelve districts of four development regions 
of Nepal has been produced.  With the pres-
ence of Galileo Teachers in more than fifty 
schools in Nepal, students are encouraged to 
study astronomy with hands-on activities from 
the available local resources and online tools. 
A legacy for the continuation of the GTTP ses-
sions in future has been justified.
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Abstract

Science is fun! And it is something doable by 
all. This is what we want to share.  In this pa-
per we will talk about hands on activities that 
involve teachers and students to learn basic 
science. Telescope training, sun activities and 
water rocket activities are few project that we 
use to raise awareness and increase passion 
for science among students and teachers.  For 
example the water rocket activities are not only 
about science but also a team work as well as 
creativity to build their own rocket. Here we 
would like to share our hands on project and 
activities we did in Indonesia and the network 
we build through this activities. 

Keywords

astronomy, hands-on activities, games

1. Introduction

Astronomy is an unusual scientific discipline  
to pursue because of it has virtually no impact 
on daily life. Daily calendar is already set up 
and we don’t have to make any calculation. In 
Indonesia, astronomy “seems to be needed” by 
the time of Ramadan to set the first and last day 
of fasting month.This become hot issues every 

year which make people realize that we need 
astronomy to set up the time by observing the 
moon. Other than that, astronomy become well 
known for its beautiful image from the skies. 
These raise curiosity on many people about as-
tronomy and they started to look for commu-
nity and activity to join. Online or offline, we 
have so many enthusiast astronomy who wants 
to know more and learn more about astronomy 
but they don’t really know where to start.  To 
fill the gap since 2007 we provide astronomy 
news, article and material through online me-
dia. The website acts as the resource base while 
social media become the place where we share 
and discuss about all the material. And imple-
mentation has been done when we have school 
visit as well any other offline activities with 
teachers and students.

2. Hands-on Activities Material

langitselatan is an astronomy communication 
and education online media. And online re-
sources become our main activities.  Among 
the news and basic astronomy articles we 
have in the site, hands-on activities material 
and question & answer section become more 
popular among students. We received question 
from children to adult about astronomy and the 
hands-on material being use by schools and 

Hands-on Activities as a medium to 
introduce Science in Indonesia
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families. All hands-on activities in langitse-
latan has been build and modified by Aldino 
Adry Baskoro who also work as elementary 
school. 

We started to post hands-on activities in 2009 
when people look for a guide on how to build 
a telescope. The idea was to build astronomy 
tools using everyday material around us and 
to give the basic knowledge about astronomy 
tools to the public and to build awareness of 
science among students as well as to build their 
creativity. 

Telescope making, water rocket making and 
its development became our popular hands-on 
material. Aside than that we also feature sun 
observation tools guide which is a little bit less 
popular. All based on ideas that science is do-
able and it can be build using material around 
us that can be found in local market except for 
the lens and solar filter of course.

The telescope making that we provide build us-
ing pvc pipe and 2 lenses, while water rocket 
build using pvc pipe and soda bottle. The solar 
observation tools in our sites includes venus-
kokker we received from Professor Jos van der 
Broek (Leiden University), pinhole projector, 
planisphere, snake and laddeer board games, 
eclipse glasses, solar filter for telescope using 
pvc pipe cover and modified venuskokker.

We provide all the guides and material in an 
article and several of them in the form of ebook 
that can be downloaded.

Among all of them, water rocket become very 
popular and has been develop into several 
mechanism including parachute water rocket, 
firework water rocket, and modification of the 
launcher into 3 models.  

From all the material we provide, lens for tele-
scope and solar filter became the “hardest part 
to find especially in the small city”. Lenses can 
be found in big city especially in a store who 
sells laboratory tools. But solar filter can’t be 

found in Indonesia. So to build eclipse glass-
es we use black and white film which can be 
found more easily in photo studio even though 
nowadays most photo studio using digital cam-
era instead of the old camera with film.  Or the 
most easiest way to build tools for solar obser-
vation is pinhole projector. 

3. Online Sharing

All material has been share online since 2009 
in langitselatan website and has been view and 
downloaded thousand times. 

The most popular one is water rocket book 1 
and 2. Both contain how to build a water rock-
et launcher and its modification. The 1st water 
rocket ebook has been downloaded 7958 times 
while the board games have been downloaded 
753 times. 

Figure 1. Hands-on material download statistics Credit: langitselatan

Each article also has been accessed widely by 
public and shares in many media such as twit-
ter, facebook and copying in another websites. 

Telescope making and online skymap became 
the most popular activities reaching 30000 
page views while building your own rocket 
launcher 1 and its modified launcher (the mar-
siano type) reached more than 7000 and 4000 
page views.
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Figure 2. Hands-on material page view. Credit: langitselatan

Along with this, we also receive email to do 
water rocket workshop in schools and univer-
sities. And it become one of the most popular 
activities we have conduct since 2008. 

4. Water Rocket Activities

Since 2008, we started to launch water rocket 
as well as doing workshop with students here. 
Aside than water rocket workshop we also 
conducted a planisphere and telescope making 
workshop using You Are Galileo telescope and 
shares the concept and material to build tele-
scope using PVC pipe and lenses. Solar obser-
vation tools workshop has been done during 
Venus Transit in 2012. 

Every time we conduct the workshop we also 
encourage the students to build their own com-
munity to keep in touch with us. During Venus 
transit we managed to support the local com-
munity to build their astronomy club which 
has a regular meeting of twice a month. The 
club is led by physics students from local uni-
versity. langitselatan is involved in providing 
astronomy curriculum for the club. which will 
be evaluated this year. 

All activities inspired students to build their 
own tools with their own creativity and modifi-

cation.  We provide the basic guidelines while 
they can improve it in their own way. 

We have been several areas and worked with 
communities in each area to provide them 
hands-on activities workshop in Indonesia 
including Refrigeration and Air Condition-
ing (HIMRA) Politeknik Indramayu (POLIN-
DRA), Jong Situbondo (young people in Si-
tubondo), Hekaleka Foundation the founder 
of Amboina Astronomy Club) and SD Alam 
Bandung (elementary school). SD Alam Band-
ung is the school where Aldino Adry Baskoro 
has been worked as teacher and build the Water 
Rocket since 2008. The students also work to 
build the water rocket with him and have been 
tested many water rocket variation and modi-
fication.  On November 2012 and May 2013, 
the water rocket guideline has been presented 
in Southeast Asian Young Astronomer Collabo-
ration meeting in Puerto Princessa, Philippines 
and Building the Scientific Mind Meeting in 
Bandung, Indonesia and started the collabora-
tion between langitselatan and other countries. 

Figure 3. Water Rocket Workshop. Credit: langitselatan
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Figure 4. Water Rocket Launched. Credit: langitselatan

Figure 5. You Are Galileo Workshop

Figure 6. Rover modification by elementary school students to land the 
egg without break it. Credit: Aldino A. Baskoro

Figure 7. You Are Galileo for Solar Observation. Credit: langitselatan
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Figure 8 Water Rocket in SEAYAC 2013. Aimee Jose

Figure 9  Aldino A. Baskoro, Jerome Pitogo de Leon and The Water 
Rocket in SEAYAC 2013. The beginning of collaboration.  Credit: 
langitselatan

Figure 10. Preparing parachute rocket launched on BtSM 2013. Credit: 
langitselatan

Figure 11. Preparing parachute rocket launched on BtSM 2013 with SD 
Alam Bandun students. Credit: langitselatan
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Figure 12. Parachute water rocket in the sky. Credit: langitselatan

5. Conclusion

Since 2008, we have build a network of our 
hands-on activity guide and we keep maintain 
the network regularly to provide the material 
and guidelines as well as workshop in each 
province if needed. The aim of the project is 
to build students creativity and science aware-
ness. It also helps teachers to provide more ac-
tivities instead of teaching only theories in the 
class. 

We will continue to provide more material as 
well as translate the material into English to 
reach more people in the world. 
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Abstract

Astronomy is a very visual science and the 
current resources and activities for visually im-
paired children, although increasing, are still 
costly and scarce. Therefore there is a para-
mount need to develop more low cost resourc-
es that can reach all, even the more socially 
deprived communities. The project provides 
resources for a set of tactile Solar System sche-
matic images for visually impaired children 
and their non-visually impaired peers from the 
ages of 6 to 12 through hands-on low cost ac-
tivities. Here we describe the project’s overall 
experience, assessing and evaluating the im-
provement of the materials and the implemen-
tation process with children and educators.

Keywords

Inclusive astronomy, blind and visually im-
paired, tactile resources 

1. Introduction

Planetary science is a key field in astronomy 
that draws lots of attention and that engages 
large amounts of enthusiasts. On its essence, 
it is a visual science and the current resources 
and activities for the inclusion of visually im-
paired children, although increasing, are still 
costly and somewhat scarce. Therefore there 
is a paramount need to develop more low cost 
resources in order to provide experiences that 
can reach all, even the more socially deprived 
communities.

“Meet our neighbours! - a tactile experience”, 
promotes and provides inclusion activities 
for visually impaired children and their non-
visually impaired peers through the use of as-
tronomy hands-on low cost resources. Is aimed 
for children from the ages of 6 to 12 years old 
and has produced a set 13 tactile images of the 
main objects of the Solar System that can be 
used in schools, science centres and outreach 
associations.

“Meet our Neighbours – a tactile 
experience” 

Lina Canas 
NUCLIO/GTTP, Project Manager, Porto, Portugal 

lina.canas@nuclio.pt
Alexandra Correia 

NUCLIO, Clinical Psychologist, Porto, Portugal 
alobocorreia@gmail.com
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2. Implementation

2.1 Resource production 

During the initial planning of the production of 
the tactile images the first thing to be addressed 
was which objects would be featured and the 
selection of the main features on each celestial 
object. For the planets the tactile images pro-
duced were: Mercury, Venus, Mars and Earth 
for terrestrial planets and Jupiter, Saturn, Ura-
nus and Neptune for gas giants. To exemplify 
the presence of other types of objects in our 
solar system, other objects were also produced 
such as our Sun, asteroid Vesta, the Moon, 
dwarf-planet Pluto and comet Halley. Target-
ing visually impaired children from the ages 
of 6 to 12 years old, the team, composed by 
scientists and educators, had to decide which 
features should be addressed for each object. 
There was a special care in which features we’d 
like the children to recognize. Features such as 
craters, rocky surfaces, with mountains and de-
pressions, rings in the different giant planets, 
and the presence of different types of gas were 
addressed. During the process one other thing 
to keep in mind the importance of keeping a 
degree of consistency in the different textures 
used to exemplify each of the characteristics. 

Figure 1. Each tactile feature texture was chosen using lo cost 
materials. 

One other aspect that was carefully addressed 
was the general cost of each material used for 
the images. All the textures used to portrait the 

different features present in each object were 
chosen minding the overall cost, keeping the 
different chosen textures affordable for an 
overall low cost resource.

2.2 Testing Phase

In order to avoid misconceptions due to the 
schematic nature of the images, several tests 
were conducted by children and educators in 
thirteen different countries. At the time they are 
still being tested and the feedback is still being 
compiled. There are many aspects to address in 
this testing phase such as the different textures 
and if they are easily recognizable by children 
and distinguishable from other different fea-
tures. For instance craters were portrayed by 
different sized curved sequins, volcanoes were 
portrayed by buttons, and gaseous planets were 
portrayed by fabric of different textures, ad-
dressing different compositions. The feedback 
is being collected through questionnaires to 
the children and addressed to tactile resources 
experts. As feedback arrives there are many 
characteristic that were already improved from 
the initial images and a second testing phase is 
being implemented as we reach the necessary 
quality for the images.  

Figure 2. Tactile material expert analysing the different features 
present in comet Halley. 

Each of the different images is accompanied 
with a text written by planetary scientists, ad-
dressing and explaining the different features. 
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As the texts intent to support the educators and 
provide a help to aid them and the children in 
their exploring, these texts are also being im-
proved from feedback received by the educa-
tors.

2.3 Activities

Groups of visually impaired students and their 
sighted peers are invited to use daily basis 
items and recycled materials to build a tactile 
schematic image of a celestial object from our 
solar system. In a group they are encouraged to 
research about our celestial neighbours and its 
main characteristics.

Groups of children from 6 to 12 years old are 
gathered in groups of five children (for ex-
ample: 3 sighted children and two visually 
impaired). The activity can be implemented 
at three stages that can be done separately: re-
search the celestial object prior to the activity; 
build the tactile image in a hands-on activity 
performed by the sighted children closely in-
teracting with their visually impaired peers; 
tactile exploration of the final schematic im-
ages produced by children from other groups. 
In all stances it is strongly advised to stimulate 
interactions between sighted children and their 
visually impaired peers.  

Variations of the activity can also be conduct-
ed. For instance promote activities for sighted 
children in which they learn about the celes-
tial object and build the tactile images and then 
promote explanatory sessions to their visually 
impaired peers or to other visually impaired 
communities. The educators can also individu-
ally follow each group and explain each of the 
tactile elements and their correspondence to 
the each object feature. 

3. Final images

All materials were distributed for free to all 
educators willing to participate in the testing 
phase of the project. Based on the input col-

lected so far, there are several changes to the 
original tactile schematic images produced, 
such as texture consistency related to the dif-
ferent astronomical features they represent and 
additional schematic 3D objects to help the tac-
tile exploration. Focusing on the essential fea-
tures of each object and relating them to each 
texture keeping the consistency through all 13 
images. Based on the analysis of the scientif-
ic texts produced by scientists to support the 
educators on the different celestial objects, the 
different definitions and terminology was care-
fully evaluated and rewritten, having in mind 
the questions and answers given by the edu-
cators and children when presented with this 
scientific astronomy background.

Figure 3. Shipping the material of the initial schematic images to 
different countries.

4. Conclusion 

Accessing several common problems through 
tactile resources, with this project we present 
ways to provide low cost solutions (avoiding 
the expensive tactile printing costs), promote 
inclusion and interactive hands-on activities 
for visually impaired children and their non-
visually impaired peers and create dynamic 
interactions based on oral knowledge transmis-
sion between them. As we continue to receive 
feedback from the educators collaborating on 
the project the materials are being improved. 
By the end of the project all the resources (such 
as schematic images and guidelines) will be 
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available online for free to all, distributed in 
different platforms. A second shipment of the 
materials will also be sent to all that collabo-
rated with the project and local replacements 
for the textures chosen will be determined to 
reduce even more the costs on production.  
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Abstract

The Colombian government issued Presiden-
tial Decree 2442/2006 to create the Colombian 
Space Commission (CCE) [1], which seeks to 
consolidate access to knowledge of the coun-
try, Earth and space through the creation and 
execution of research and management pro-
grams of knowledge.

Led by the National Development Plan, CCE 
seeks to promote the attainment of knowledge 
in astronomy and related areas, and to support 
the emergence of the aerospace industry.

As a legacy of the International Year of As-
tronomy (IYA2009) [4] Colombian public and 
private institutions have decided to support the 
Galileo Teachers Training Program (GTTP) 
[2].

In this document we report the experience of 
GTTP Medellin 2013, the summary of the con-
tent, the evaluation of the event and some of 
the new pedagogical approaches that Galileo 
Teachers presented as final work.

 It will review the processes towards formal-
izing teacher preparation in science education 
and technology, especially astronomy and new 
strategies linking Colombian astronomical 
community, looking to participate in global 
initiatives.

Keywords

education, GTTP, knowledge, pedagogical me-
diation, Regional Office of Astronomy for De-
velopment.

1. Introduction

The teachers who seek tools to use astronomy 
in their classrooms, whatever discipline they 
teach, are now receiving a special training in 
GTTP Colombia, to become Galileo Teach-
ers. This program is currently coordinated by 
Luz Angela Cubides González (Planetarium of 
Medellín/Explora Park) and GTTP Colombia´s 
coordinator, León Jaime Restrepo Quiros (So-
ciedad Antioqueña de Astronomía / University 
of San Buenaventura).

GTTP Medellín 2013:  
GTTP/Planetario de Medellín-

Parque Explora/Universidad de San 
Buenaventura

Luz Ángela Cubides González  
Planetario de Medellín – Parque Explora

luz.cubides@parqueexplora.org

León J. Restrepo Quirós 
GTTP Colombia – Universidad de San Buenaventura

ljrq10@gmail.com
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2. Taking astronomy into the 
classroom

In an effort lead by the Explora Park- Planetari-
um of Medellín and the University of San Bue-
naventura, 34 teachers were certified as GTTP 
Medellín 2013 attendants, during the teacher 
meeting in astronomy didactics “A classroom 
amongst the stars”. This event was intended to 
gather teachers from the city, region and the 
country to share their strategies and findings 
while teaching astronomy in their classes. The 
event was held in Explora Park and Planetari-
um of Medellín on the 4th, 5th and 6th of July 
of this year, receiving support from the Met-
ropolitan Technological Institute, the Univer-
sity of San Buenaventura, Colombia´s Galileo 
Program and the Education Ministries from the 
city and the state, that provided 48 allowances 
consisting of tuition fees, daily meals and trav-
el financial support. 

Between April 13th and the 1st of June, in 
schedules from 1:00 to 5:00 pm, teachers from 
the city and the region were taught in astron-
omy didactics by local experts. All the ses-
sions were recorded and posted on social net-
works such as facebook and google+ for GTTP 
Iberoamerica. 

The 32-hour long couse is part of the GTTP Co-
lombia strategy, that together with the Teacher 
Network of Explora Friends (MAE - Maestros 
Amigos de Explora) and teachers interested 
in astronomy education in the region and the 
country, became a reality. 

Following GTTP program´s global objectives, 
the participants are now able to effectively use 
simple hand-made tools, or open source soft-
ware to strengthen their learning and teaching 
processes in astronomy for their classrooms, 
and to transfer their experiences to other teach-
ers in their surroundings. Astronomy gains a 
powerful view as an opening door to interdis-
ciplinary knowledge. The evidence of the pro-

cess can be found at: 

http://www.facebook.com/groups/gttp.
iberoamerica/

Google+: GTTP Iberoamérica
gttpiberoamerica@gmail.com

3. Content

The topics covered in the course were:

-General perspectives of GTTP 
-¿Why is it important to teach astronomy?
-Learning from our surroundings: The solar 
system
-Practical tools to get oriented at night
-Basic tools to facilitate orientation and ideas 
on astronomy instruments. Practical exercise.
-Software, hardware, materials, data bases 
(practical). 
-Hands-on activities on digital astronomy exer-
cise using Google Earth [3], Stellarium  [6] and 
World Wide Telescope [7].
-Introduction to astronomy for children and 
teenagers. 
-Teaching resources in astronomy and space 
sciences. 
-Local astronomy vision from a cultural per-
spective. Topocentric astronomy (Hands on)
-Teaching resources in astronomy in local 
communities. 
-¿How do stars work?
-Our place in the universe.
-Social network tools in astronomy, citizen sci-
ence programs, software practice. 
-Hands on activity: The museum as a class-
room - special tour in Planetarium with dome 
show. 
-Review of space exploration building a ship. 
-Panel: Astronomy as a unifying discipline in 
multiple areas. 
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4. Course Evaluation

The course attendants performed a quantitative 
evaluation that included the following topics:

-Speakers: 4,8
-Learning Goals: 4,9
-Program Design: 4,8
-Attendant´s satisfaction: 4,7
-Program pertinence: 88%

5. First results and conclusions

GTTP Medellín 2013 attendants presented 
their posters during “A classroom amongst the 
stars”, where new methodologies were present-
ed to incorporate astronomy in the classrooms. 
Amongst the proposals were mentioned:

- A program for early childhood learning 
through songs including astronomy topics. 

- Flotation experiments to study topics in high 
school.

- School libraries, covering astronomy litera-
ture, to facilitate learning processes. 

Several proposals will be put in practice during 
this year. 

Speakers and attendants to the event “A class-
room amongst the stars” mentioned the need to 
place more attention in astronomy topics cov-
ered in the curricula. 

6. Colombian plans to enroll local 
activities in global astronomy 

projects

The Colombian government issued Presiden-
tial Decree 2442/2006 to create the Colombian 
Space Commission (CEE), which seeks to con-
solidate access to knowledge of the country, 
Earth and space through the creation and ex-

ecution of research and management programs 
of knowledge.

 Led by the National Development Plan seeks 
to promote the attainment of knowledge in as-
tronomy and related areas, and to support the 
emergence of the aerospace industry.

One of the CCE´s technical groups is for As-
tronomy, astronautics and aerospace medicine. 
This group aims to incorporate astronomy in 
primary and secondary education curricula in 
the country. 

Masters and PhD programs in Astronomy, or 
Physics with an enphasis in astronomy exist 
in Colombia. Since 2009, the University of 
Antioquia created the first undergraduate pro-
gram in Astronomy existent in the Andean re-
gion, whose first graduates will start working 
in 2013. 

There are also local institutions working to-
gether with Bolivia, Chile, Ecuador and Ven-
ezuela to host an Andean Regional Node that 
represents these countries in the Office for As-
tronomy Development, from the IAU [5]. This 
initiative has been lead by the University of 
Los Andes, Planetarium of Medellín and Plan-
etarium of Bogotá. 

Other proposals want to include astronomy 
topics and teacher training for the future teach-
ing graduates. 

7. Development Proposals

Considering the experience received with the 
Galileo Program (coordinated by the Sociedad 
Antioqueña de Astronomía), and the interinsti-
tutional support received from the Planetarium, 
Explora Park and University of San Buenaven-
tura, some initiatives to continue working are: 

-Courses offered in local universities to facili-
tate new pedagogical tools from astronomy. 

-Review the Colombian curricula and the pres-
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ence of topics in space sciences, joining efforts 
with private, official and government institu-
tions.

-Elaborate a new line of research in Science 
and Technology Didactics in the Masters of 
Education and the Masters of Science didactics 
and Technology in the universities mentioned 
above. 

-Group or line of expertise in pedagogy con-
sidering the aerospace environment impact on 
human psychology. 

-Research groups in Education and Teaching 
Training programs. 

-Support in professional areas requiring re-
search in astronomy, astronautics and aero-
space medicine. 
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Abstract

Advancement in space technology has present-
ed the modern world with many opportunities 
for extraction and analysis of required infor-
mation from various fields. It is the need and 
necessity of every country to apply modern sci-
ence and technology for growth, development 
and substance. Many governmental organiza-
tions, nongovernmental organizations (NGO), 
international non-governmental organization 
(INGO), private consultants and universities 
are using space technologies in different fields 
such as education, agriculture, forestry, bio-
diversity, tourism, health and medicine and 
research and development etc. but required at-
tention is not given on the space education for 
the school in Nepal. This paper deals about the 
space education activities for school children 
in Nepal. Particularly the activities of water 
rocket event for school children and poster 
contest by the school children on the theme of 
“Our Universe - Great discoveries” with the 
highlights of formal and in formal education 
relating to space activities , future plan and 
proposal for educational initiatives relating to 
space activities.

1. Introduction

Nepal is a small mountains land locked country 
in South Asia located between latitudes 260N 

to 300N longitude 800E to 880E lying between 
India and China. It has an area of 147,181 
square kilometers and a population of 23.5 mil-
lion according to 2061 census. It has a rich hu-
man culture and natural biodiversity with more 
than 61 ethnic groups and almost 70 spoken 
languages. The length in the east west direction 
is about 885 km and width in the north south 
direction varies between 145 km to 245 km. 
The country is divided into five physiographic 
regions. They are Terai (plain area 60-300 m). 
Siwalik Hills (200-1500m), middle mountains 
(800-2400m), high mountains (2200-5000m) 
and Himalayas (5000-8848m). Land is the 
only immovable property which can be used as 
a means for agriculture production as well as a 
means for financing industrial or commercial 
enterprises. Space technology plays an impor-
tant role in managing our land, water resources 
and natural resources.

Space technology could address to resolve the 
major issues such as population growth, en-
vironmental degradation, resources manage-
ment, poverty reduction, urbanization etc.

Many governmental and non- governmental 
organizations private consultants and univer-
sities are using space technologies in different 
fields in Nepal. Kathmandu university with the 
collaboration with the government of Nepal, 
Ministry of Land Reform and management, 
Land management training Centre has the 
Bachelor of geomatics Engineering education 

Space Awareness Activities in Nepal
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program since last six years and Purbanchal 
university and Tribhuvan University and vari-
ous educational institutes are also engaged on 
the development of human resources on the use 
of space related products. Similarly different 
organization like Space Generation Advisory 
council Nepal, Nepal Astronomical Society 
Pokhara Astronomical Society, Nepal scientific 
activities and Research centre and GHOU- Ne-
pal Chapter conducts programs related on the 
space awareness activities [1, 2].

Nepal Astronomical Society (NASO) in as-
sociation with Pokhara astronomical society 
(PAS) has taken initiative for the space edu-
cation awareness program at the school level 
by organizing water rocket events and poster 
competition. Water rocket events at the school 
level have encouraged the children to compete 
among themselves on making and launching of
the water rockets and know about the space 
science and its application [3].

2. Methodology

NASO in association with PAS and GHOU- 
Nepal Chapter along with other institutions 
have been organizing space awareness activi-
ties. Space awareness activities were conduct-
ed in Pokhara, Tanahun and Syangja district 
where more than 400 participants from 10 Sec-
ondary schools successfully participated. With 
these programs PAS formed some astronomy 
clubs in secondary schools [4].

Figure 1 Water Rocket Event in SOS School, Pohara, Nepal

A program of water Rocket event was orga-
nized at SOS Herman Geminer School, chil-
dren with their parents and teachers were in-
vited on the event. A talk program was also 
arranged prior to the water rocket event to 
highlight the importance of water rocket event 
and space education [5].

Figure 2 Poster Competion

Poster competition activities are very effective. 
This will motivate the students to promote the 
space science technology and more profes-
sional students will be available on the higher 
studies of the space education and be available 
for its development.

Figure 3 Awareness Program

Awareness program are the crucial part to en-
hance the knowledge on space science. Initia-
tion will be taken to conduct the international 
and national seminars and workshops with 
help of different relevant agencies and the us-
ers of space information in Nepal. This will 
help to educate the students, teachers, planners 
and user community of the space science. Ulti-
mately this will also help to include the subject 
on the school syllabus of science education [6].
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3. Conclusion

It is cleared that the space application in Nepal 
is not developed well. Organizations working 
on space technology should changes its work-
ing strategy and develop the system to accom-
modate the latest technology as far as possible. 
The future prospects in space education in Ne-
pal and its space activities are highlighted on 
the following points.

• Poster Competition activities is very ben-
eficial to enhance space science activities for 
small children and will be continued.

• Activities on the use of space information for 
schools will be continued.

• Water rocket event helps to enhance the 
knowledge on space science and will be con-
tinued.
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