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A Message from the Conference Host
	
  

	
  

During the week of June 25-30, 2010, 327 delegates from 44 countries and 26 sponsors gathered
in Alexandria to exchange ideas, present papers, and listen to speakers on many phases of
planetarium education and related fields. The results of such a meeting of minds should be of
value to all IPS members, not just those fortunate enough to able to attend. For this reason, the
IPS Publications Committee together with the IPS 2010 hosts of Alexandria's conference
requested that written copies of each paper given at the conference be submitted for publication in
the Conference Proceedings.
The IPS 2010 conference was a special one, because it was the first one to be held in Africa and
the Middle East. We were very lucky for this conference, especially the timing, because the clean
Egyptian revolution came just a few months after IPS 2010.
During this very short word to IPS members, I would like to thank the IPS officers, affiliates,
committees, and all conference participants. Thanks again for coming to my country and I hope
you keep good memories of Egypt and Alexandria city. Special thanks to Tom Mason, the IPS
President during the conference, and many thanks to Dale Smith for his efforts and work on these
Proceedings.
Finally, I would like to thank my colleagues at the Planetarium Science Center at the Library of
Alexandria.
Omar Fikry
IPS 2010 Conference Host
Planetarium Science Center
Library of Alexandria, Egypt
October 2012
	
  

	
  

	
  

A Message from the IPS President

	
  

Dear Colleagues,
IPS is pleased to provide these Proceedings for the 2010 IPS Conference as a membership
benefit. This conference was unique in many respects, not only being the first in Africa, but also
the first in the Arabic speaking world. It was at Alexandria where the idea of an Arabic speaking
IPS affiliate was floated as a future development. This report is a unique collection of documents
recording the conference experience and the issues and new developments in the planetarium
community that were discussed and aired on site.
The theme of this ground breaking conference was "Back to Alexandria: the cradle of Astronomy"
and many participants referred to the huge contribution to scientific thought and progress that was
nurtured in Alexandria. The world’s first university in Alexandria included famous scholars such as
Aristotle, Euclid, and Eratosthenes; the famous philosopher mathematician Hypatia worked here.
For those of you who were unable to attend, this report will provide a glimpse of the stimulating
environment that was provided by the splendid new library where the conference was hosted, the
Bibliotheca Alexandrina. If you missed it, add it on to your list of places to visit, where you will be
assured the same warm welcome and hospitality that we enjoyed during the conference.
As you read the papers in this document you can be assured that you will find inspiration from the
work of our talented IPS colleagues and friends.
Dr Tom Mason
IPS President 2009-2010
CEO/Director Armagh Planetarium
September 2012

	
  

Note from the Editor

	
  
These Proceedings contain texts for many of the papers given at the IPS 2010 conference in
Alexandria, Egypt. They also contain abstracts of papers for which no text was submitted by the
speaker. Finally, they contain files of the three invited papers.
I thank all authors who contributed texts of their papers and the Bibliotheca Alexandrina for
cooperation since I was appointed Proceedings Editor in July 2012.
Grateful thanks to the conference organizers and sponsors and to all participants in this
landmark IPS conference.
Thanks to Wade Kemp for assistance in preparation of these Proceedings and to Mirror Images
of Bowling Green, Ohio, USA for duplication of the Proceedings.
Dale W. Smith
Proceedings Editor & IPS Publications Chair
Professor & Planetarium Director, Bowling Green State University
October 2012
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APOLLO LEGACY AND MISSION MARS
Dr. Farouk El-Baz
Center for Remote Sensing
Boston University
Boston, Massachusetts
USA
Abstract: A planetarium may be considered a “House of Star Science”, where a person may
seek knowledge of the universe and contemplate the place of humankind in its vastness. One
distinctive feature of this medium is the contemporaneous involvement of the human sensors
of sight, sound, and mind. Therefore, there is an education mission for each planetarium
to accomplish and, subsequently, a need for updating the state of knowledge. This requires
not only constant surveys of recent discoveries in the field, but also regular communication
with institutions that provide similar services worldwide. For this reason, I applaud the
initiative of the International Planetarium Society and its 2010 Conference at the Bibliotheca
Alexandrina; the resurrection of an ancient store of universal knowledge. As a geologist and
veteran of NASA’s program of lunar exploration, my intention is to convey some examples
of the reasons for the unequal success of Apollo. The most critical reason being that it was
a program with a grand objective that everyone could understand, and a very specific time
table: “To send a man to the Moon and bring him safely to the Earth within a decade.”
This motivated all participants in the project to absolute limits. The motivation, in large
part, assured the superb accomplishments of the momentous endeavor. In the post-Apollo
era, IMAX presents an example of following up an idea and assuring its utility in scientific
education of the masses in an entertaining way. It is a story of an innovation that was supported
by a promoter, and implemented by a visionary public educator. That implementation
occurred during my tenure as Research Director of the National Air and Space Museum of
the Smithsonian Institution, Washington DC. The influence of such an endeavor on science
for the lay person was enormous, and deserves study and emulation. Today, we are very
lucky to witness a steady stream of astronomical discoveries by the Hubble Space Telescope.
This great instrument has expanded our knowledge of the universe many fold. Its results
will surely influence the topics to be dealt with by planetaria worldwide. One of our future
objectives should be to establish a mechanism to bring to the general public the results of
its discoveries in near real-time. In so doing, we would expand the knowledge and heighten
the interest of younger generations. This assures that they would continue the quest for
knowledge of our vast and fascinating universe.

Editor’s Note: See file of this presentation in the Supplementary Materials folder on this CD.
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THE CRITICAL ROLE OF ARABIC/ISLAMIC ASTRONOMY IN INTERCULTURAL CONTEXT
Dr. George Saliba
Professor of Arabic and Islamic Science
Columbia University
New York, New York
USA

Abstract: This illustrated talk entitled “Arabic/Islamic Astronomy in Intercultural and
European Context” will focus on the role that was played by the Arabic/Islamic astronomical
tradition in critiquing the more ancient Greek tradition, not because this earlier tradition
was simply Greek but because it was found to have violated the very scientific principles
it claimed to have been based upon. In a systematic and exhaustive manner, almost every
parameter upon which the Greek astronomical tradition was based was subjected to a very
thorough scrutiny. Whether it was the inclination of the ecliptic, the position of the solar
apogee, the rate of precession, the solar eccentricity, the solar equation, or the more complex
planetary motions, each and every one of those fundamental concepts were found to be poorly
articulated in the Greek tradition. With the passage of time, and as the critique deepened, a
sense of rebellion started to emerge, and a serious search began to be pursued with the sole
purpose of finding an astronomy that could replace the Greek one. By the fifth century AH
(the eleventh AD), the astronomers who were involved in this enterprise began to produce
one alternative astronomy after another, and persisted to do so well into the tenth century AH
(sixteenth century AD) as we can now fully document. From a purely theoretical perspective,
this talk will demonstrate that the best astronomical works that were almost exclusively
produced in Arabic were in fact the very best and most sophisticated astronomical works
that were ever produced in the Islamic culture. The talk will offer the counter argument
with ample illustrated proof to the effect that the Islamic astronomical tradition was mostly a
rebellion against the Greek tradition, rather than a preservation of it as we are often told, and
by its very rebellion offered the theoretical mathematical foundation upon which the later
European astronomy of the Renaissance was eventually based. With reference to Arabic
and Latin manuscripts, the talk will illustrate the manner in which European Renaissance
astronomers intricately manipulated the mathematical and astronomical results that were
first developed within the Islamic culture so that they could embed those results in their own
Latin works, and thus lay the foundation for what was later called the emergence of modern
astronomy. On the cultural level, the lecture will demonstrate the universal character of the
Islamic astronomical tradition as it moved freely from an early intercultural critique of
earlier Persian, Sanskrit, and Greek traditions, to a constructive scientific engagement with
the emerging astronomy of the European Renaissance.
Editor’s Note: See file of this presentation in the Supplementary Materials folder on this CD.
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FIFTY CENTURIES OF SCIENCE IN EGYPT
Dr. Ismail Serageldin
Director, Library of Alexandria
Alexandria
EGYPT

Editor’s Note: To see this presentation, go to the web site http://www.serageldin.com/
ListPresentations.aspx, locate the section “Fifty Centuries of Science in Egypt”, and follow the
links therein. To view the video, you will need to use Internet Explorer.
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A 2010 PERSPECTIVE: PLANETARIUMS AND EDUCATION
Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road
Westlake, Ohio 44145 USA
jeanneebishop@wowway.com
Abstract: Planetariums have always been at the forefront of astronomy education. Most
planetarians would not argue with the idea that education is the facility’s primary
objective, although entertainment or “edutainment ” also may be important. In
the United States, schools are charged with matching all lessons and special
learning trips with US National Standards or individual state standards. Trying to
remain open, many US planetariums have prepared school programs that match
the standards. In this paper, I will present some current US standards, evaluate their
appropriateness, and suggest that astronomy education standards worldwide should
have input from astronomy and education experts at planetariums.
Planetariums are invaluable in helping students learn many
astronomical concepts. In the United States a spectacular increase
in the number of small planetariums at the beginning of the
Space Age 50 years ago helped bring astronomy for students in
pre-college back from a previous 50-year period of very little
astronomy in the schools.

Standards prepared by the National Research Council, and
subsequently prepared sets of Earth and Space Science Content
Standards prepared by state departments of education, have
become mandatory guidelines for schools. In many cases, these
standards have been a good thing. Schools all offer a minimum
of important astronomy content ideas. The lists control what
is taught in schools. In my own situation at Westlake Schools
Planetarium, my planetarium lessons for each grade are required
to match the standards lists for the state of Ohio. This is important
for my planetarium to remain open.

I think that it is important for all planetarium educators to
understand what happened 100 years ago to astronomy in the
United States. In 1898 a group called The Committee of Ten,
groups of so-called experts, examined the courses taught in
U.S. high schools and made recommendations for the topics to
be covered in each course. Astronomy, previously an important
subject in academic schools, was declared unnecessary for
admittance to college, setting the stage for a dramatic decline in
the number of schools that offered astronomy. Schools did not
teach it, students did not learn it, and teachers had no background
to offer astronomy ideas to even elementary students. Although
other factors may have influenced schools to drop astronomy,
the Committee of Ten’s decision was extremely influential in the
decline.

Now here is the problem. The lists, although minimally
adequate, do not reflect what many astronomy and planetarium
educators believe are ideal. Sometimes ambiguous or complex
ideas are listed, and a number of important astronomy concepts
are omitted from the lists. And nowhere is there a statement that
points out how important planetariums can be in providing the
observations on which many concepts are based. Further (maybe
because the lists omit concepts and preparers did not realize the
extent of ideas that would be appropriate and are important),
standards usually are given for astronomy only for grades 2, 5, 8,
and a general list is given for high school (grades 9-12).

Fortunately with the coming of the Space Age in the late
1950s and 1960s, people realized that astronomy was an important
component of education. Astronomy topics were added to
elementary curriculums and Earth and Space Science became usual
courses in eighth or ninth grade. Planetariums were identified as
tools that would help convey astronomy knowledge to students
and citizens. Installing a new planetarium in a public school,
college, or university was justified by the need to teach astronomy
to a population currently illiterate in that subject. And to the credit
of planetariums, 50 years ago, they were influential in providing
basic astronomical ideas and new space information for many
people. Often if a planetarium were built within a school district,
a high school astronomy course was added to the curriculum.

This is the set of standards for Earth and Space Science
now distributed by the National Research Council, the National
Academy of Sciences in the United States.
National Research Council
Earth and Space Science Content Standards (1996)
K-4
- the Sun, Moon, stars, clouds, birds, and airplanes all have
properties, locations, and movements that can be observed and
described.
- The Sun provides the light and heat necessary to maintain the
temperature of the Earth.

Today in the United States, schools are bound by sets of
standards for all disciplines that were initiated at both the national
and different state levels. The Earth and Space Science Content
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- Objects in the sky have patterns of movement. The Sun, for
example, appears to move across the sky in the same way every
day, but the path changes slowly over the seasons. The Moon
moves across the sky on a daily basis much like the Sun. The
observable shape of the Moon changes from day to day in a cycle
that lasts about a month.

beginning in 2002. The document uses the names of “benchmarks”
and “indicators” for concepts.

5-8

By the end of the K-2 program/By the end of the 3-5 program/By
the end of the 6-8 program:

Ohio Benchmarks (2002)
Earth and Space Sciences
(I have excerpted only the astronomy concepts)

- The Earth is the third planet from the Sun in a system that includes
the Moon, the Sun, eight other planets and their Moons, and smaller
objects such as asteroids and comets. The Sun, an average star, is
the most central and largest body in the solar system.

- Observe constant and changing patterns of objects in the day and
night sky.
-. Explain the characteristics, cycles, and patterns involving Earth
and its place in the solar system.

- Most objects in the solar system are in regular and predictable
motion. Those motions explain such phenomena as the day, the
year, phases of the Moon, and eclipses.

-. Describe how the positions and motions of the objects in the
universe cause predictable and cyclic events.

- Gravity is the force that keeps planets in orbit around the Sun and
governs the rest of the motion in the solar system. Gravity alone
holds us to the Earth’s surface and explains the phenomena of the
tides.

- Explain that the universe is composed of vast amounts of matter,
most of which is at incomprehensible distances and held together
by gravitational force.

- The Sun is the major source of energy for phenomena on the
Earth’s surface, such as growth of plants, winds, ocean currents,
and the water cycle. Seasons result from variations in the amount
of the Sun’s energy hitting the surface, due to the tilt of the Earth
on its axis and the length of the day.

- Describe how the universe is studied by the use of equipment
such as telescopes, probes, satellites, and spacecraft.
By the end of the 9-10 program/ By the end of the 11-12 program:
- Explain how evidence from stars and other celestial objects
provide information about the processes that cause changes in the
composition and scale of the physical universe.

9-12
- The Sun, the Earth, and the rest of the solar system formed from a
nebular cloud of dust and gas 4.6 billion years ago. The early Earth
was very different from the planet we live on today.

- Explain that many processes occur in patterns within the Earth’s
systems.

- Geologic time can be estimated by observing rock sequences
and using fossils to correlate the sequences at various locations.
Current methods include using the known decay rates of radioactive
isotopes present in rocks to measure the time since the rock was
formed.

- Explain the 4.5 billion-year-history of Earth and the 4 billionyear-history of life on Earth based on observable scientific
evidence in the geologic record.
- Summarize the historical development of scientific theories and
ideas, and describe emerging issues in the study of Earth and space
sciences.

- The origin of the universe remains one of the greatest questions
in science. The “big bang” theory places the origin between 10
and 20 billion years ago, when the universe began in a hot dense
state. According to this theory, the universe has been expanding
ever since.

- Explain how technology can be used to gather evidence and
increase our understanding of the universe.
Ohio Grade-Level Indicators (2002)
Earth and Space Sciences

- Early in the history of the universe, matter, primarily the light
atoms hydrogen and helium, clumped together by gravitational
attraction to form countless trillions of stars. Billions of galaxies,
each of which is a gravitationally bound cluster of billions of stars,
now form most of the visible mass in the universe.

Kindergarten
- Observe that the Sun can be seen only in the daytime, but the
Moon can be seen sometimes at night and sometimes during the
day.

- Stars produce energy from nuclear reactions, primarily the fusion
of hydrogen to form helium. These and other processes in stars
have led to the formation of all the other elements.

Grade Two
-. Recognize that there are more stars in the sky than anyone can
easily count.

As an example of state standards, these are for Earth and
Space Science, distributed by the Ohio State Board of Education
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- Observe and describe how the Sun, Moon and stars all appear to
move slowly across the sky.

of the explosive expansion of the universe, the Big Bang, over 10
billion years ago.

- Observe and describe how the Moon appears a little different
every day but looks nearly the same again about every four weeks.

- Explain that gravitational forces govern the characteristics and
movement patterns of the planets, comets, and asteroids in the
solar system.

Grade Five
- Use historical examples to explain how new ideas are limited by
the context in which they are conceived; are often initially rejected
by the scientific establishment; sometimes spring from unexpected
findings; and usually grow slowly through contributions from
many different investigators (e.g., heliocentric theory and plate
tectonics theory).

- Describe how night and day are caused by Earth’s rotation.
- Explain that Earth is one of several planets to orbit the Sun, and
that the Moon orbits Earth.
-. Describe the characteristics of Earth and its orbit about the Sun
(e.g., three-fourths of Earth’s surface is covered by a layer of water
[some of it frozen], the entire planet surrounded by a thin blanket
of air, elliptical orbit, tilted axis, and spherical planet).

Grade Ten

- Explain that stars are like the Sun, some being smaller and some
larger, but so far away that they look like points of light.

- Describe advances and issues in Earth and space science that
have important long-lasting effects on science and society (e.g.,
geologic time scales, global warming, depletion of resources, and
exponential population growth).

Grade Eight

Grade Eleven

- Describe how objects in the solar system are in regular and
predictable motions that explain such phenomena as days, years,
seasons, eclipses, tides, and Moon cycles.

- Describe how the early Earth was different from the planet we
live on today, and explain the formation of the Sun, Earth and
the rest of the solar system from a nebular cloud of dust and gas
approximately 4.5 billion years ago.

- Explain that gravitational force is the dominant force determining
motions in the solar system and in particular keeps the planets in
orbit around the Sun.

- Analyze how the regular and predictable motions of Earth, Sun
and Moon explain phenomena on Earth (e.g., seasons, tides,
eclipses, and phases of the Moon).

- Compare the orbits and composition of comets and asteroids with
that of Earth.

- Explain heat and energy transfers in and out of the atmosphere
and its involvement in weather and climate (radiation, conduction,
convection and advection; hurricanes and cyclones).

- Describe the effect that asteroids or meteoroids have when moving
through space and sometimes entering planetary atmospheres (e.g.,
meteor-”shooting star” and meteorite).

- Use historical examples to show how new ideas are limited by
the context in which they are conceived; are often rejected by the
social establishment; sometimes spring from unexpected findings;
and usually grow slowly through contributions from many
different investigators (e.g., global warming, Heliocentric Theory,
and Theory of Continental Drift).

- Explain that the universe consists of billions of galaxies that are
classified by shape.
- Explain interstellar distances are measured in light years (e.g.,
the nearest star beyond the Sun is 4.3 light years away).

- Describe advances in Earth and space science that have important
long-lasting effects on science and society (e.g., global warming,
Heliocentric Theory and Plate Tectonics Theory).

-. Examine the life cycle of a star and predict the next likely stage
of a star.
- Name and describe tools used to study the universe (e.g.,
telescopes, probes, satellites and spacecraft).

Grade Twelve
-. Explain how scientists obtain information about the universe
by using technology to detect electromagnetic radiation that is
emitted, reflected or absorbed by stars and other objects.

- Use models to analyze the size and shape of Earth, its surface and
its interior (e.g., globes, topographic maps, satellite images).
Grade Nine

-Explain how the large-scale motion of objects in the universe
is governed by gravitational forces and detected by observing
electromagnetic radiation.

- Describe that stars produce energy from nuclear reactions and
that processes in stars have led to the formation of all elements
beyond hydrogen and helium.

- Explain how information about the universe is inferred by
understanding that stars and other objects in space emit, reflect, or
absorb electromagnetic radiation, which we then detect.

- Describe the current scientific evidence that supports the theory
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- Explain how astronomers infer that the whole universe is
expanding by understanding how light seen from distant galaxies
has longer apparent wavelengths than comparable light sources
close to Earth.

The Moon appears to have different shapes in our sky.
Sometimes you can see the Moon during the day.
The Stars seem to move during the night.

The National Research Council lists combine many concepts,
and even the Ohio lists have mixtures of ideas in each concept
statement. I would like to see each concept more simply stated. I
believe that many of these concepts are too complex and should be
broken down for clarity. Some important ideas are missing. I think
more concepts are needed for kindergarten, grade 1, and grade 3.
Lastly, I think that guidelines from developmental learning or what
we know about the way in which children learn to think should be
followed carefully.

Lights from houses and cars and streetlights make the night sky
lighter and harder to see stars.
Stars have different brightness.
Not all stars seem to have the same space between them in the sky.
People imagine patterns in the sky.

In my doctoral dissertation I studied the ability of students to
understand rotation, seasons, Moon phases, and planet motions as
seen from different points of view, the from-Earth (or planetarium)
view and the from-space view. Piaget calls this type of concept,
where it is understood by one being able to mentally switch
back and forth from one view to another a “projective concept.”
Rotation, seasons, Moon phases, and planet motions are not really
understood unless the student is capable of the projective concept.
I found that the projective concepts of seasons and Moon phases
were hard, even for students in grade 8 (13 years). Therefore it
seems important to build the observations and understanding with
each view, from-Earth and from-space, in early grades and then
expect only in later grades that students will be able to coordinate
them or put them together.

If one imagines a star pattern, like the Big Dipper, there are no
lines between stars—you imagine them like connecting numbers
dot-to-dot.
Grade 1
The Sun makes energy.
The Earth gets energy from the Sun.
The Sun’s energy makes plants grow.
The Sun’s energy makes life on Earth possible.
Day and night repeat: this is a time cycle.

I personally have prepared the following lists of astronomy
concepts, based on developmental learning and the body of
astronomical knowledge, as one suggestion of what would be
appropriate for students in different grades.

Shadows happen when light is blocked by an object.
Shadows are long when the Sun is low.

Kindergarten

The Earth is a round ball with air all around it.

The Sun, Moon, and stars are far away in space.

Streetlights and building lights make the sky bright so it is hard to
see the stars.

Clouds, birds, and rain are in the air.
Different Moon shapes in our sky give different amounts of light.
Clouds often block our view of the Sun, Moon, and stars.
When the Moon is bright, it is possible to see more things on the
Earth at night.

We live on the Earth.
The Earth has air above it.

Activities like farming and hunting were done using bright
moonlight.

The Sun is in the day sky.
When the Moon is bright, it is hard to see the stars.
The Sun is a hot, round ball.
When the Moon is not in the evening sky, the sky is dark and we
can see stars.

One should not stare at the Sun because it gives off energy that
hurts eyes.

Stars shine in the day sky as well as the night sky, but we don’t see
them when the bright Sun is shining.

Hours go by as the Sun moves across the sky.

Long ago people imagined patterns made of stars.

The Sun seems to move from near East to near West during the
day.
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Long ago people told stories about the stars.
The Moon is (always in space) a round ball.

Today we still find the star patterns made up a long time ago.

The Moon gets its light from the Sun.
There are four seasons.
Half of the Moon ball always is lighted.
The seasons repeat: the seasons are a time cycle.
The Moon moves in an orbit about the Earth.
The Sun’s path is longer and higher in summer, giving a lot of
energy.

Each night/day the Moon seems to have a slightly different shape
in the sky.

The Sun’s path is shorter and lower in winter, giving low energy.
Each night/day the Moon is found in a different place in the sky.
It gets light earlier in the summer than winter.
Moon phases repeat every month: Moon phases are a time cycle.
It gets dark later in the summer than in the winter.
There is no air on the Moon.
Grade 2
(Ideas of Rotation and Moon Revolution and what happens daily
and monthly in the sky. Most students will be unable to match sky
views and in-space views for cause and effect.)

Without air, there is no weather on the Moon.
Without air, no plants can grow on the Moon.

The Sun is a star.

The Moon is the closest space body to the Earth.

Stars are round, not pointed like art-drawn stars.

Astronauts have walked on the Moon and returned to Earth with
Moon rocks.

Gravity pulls the Earth, the Sun, other stars, and the Moon into
round balls.

No people have ever gone farther from Earth than the Moon.

The stars we see at night are a lot farther away than the Sun.

Grades 3-4 (the Solar System)

The Sun is bright because it is much closer than night-time stars.

The Earth is a planet.

On a clear, dark night we can see about 1000 stars (not just 100
and not millions).

Planets are round (or almost round).
Planets revolve about the Sun.

Lights in cities make the sky light, washing out the stars.
Planets get their light from the Sun.
With a telescope one can see many faint stars not visible with eyes
alone.

The Earth is one of eight planets in the Solar System. Pluto is
called a dwarf planet.

The Earth rotates on an imaginary line between the North Pole and
the South Pole, the axis.

Each planet has different characteristics.

Rotation causes day and night. Learn as a fact, but true
understanding is difficult.

Some planets have many moons (natural satellites).

A cycle of day and night takes 24 hours.

The Earth has only one moon (natural satellite), but hundreds of
artificial satellites.

At night stars near the North Star move in circles around it.

Artificial Satellites revolve about Earth above Earth’s atmosphere.

The North Star is not a bright star. The North Star is important
because it marks the north direction.

Planets farther from the Sun than Earth get less Sun energy and
are colder.

Star patterns (constellations) help us find the North Star.

Planets closer to the Sun than Earth get more Sun energy and are
hotter.

When you can see the North Star (on a clear night), you can find
north.

The Earth takes one year (365 days) to revolve about the Sun.

If you can find north, you can find south, east, and west.
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The Zodiac constellations, first important in astronomy, were
adopted by the superstition of astrology.

Each planet has a different revolution time and rotation time.
The farther an object is from the Sun, the longer it takes to revolve
about the Sun.

Different cultures have used different constellations for hunting,
farming, navigation, and religious ceremonies. This links well
with social studies standards.

To our unaided eyes, other planets look like dots in the sky.
With telescopes, planets look large.

The Earth’s atmosphere is responsible for many effects, including
clouds, rainbows, aurora, meteors, and the reddening of the Sun
and the Moon when they are rising and setting.

A telescope gathers light and magnifies an object.
The best telescope pictures of the planets and other objects were
taken with the Hubble Space Telescope.

Changing distance from the Sun is not the reason we have seasons.
The Earth revolves about the Sun with an inclined axis.

Spacecraft without people (robot spacecraft) have visited all the
other planets. Dwarf Planet Pluto will be visited by the New
Horizons spacecraft, July 2015.

Seasons happen because the Earth revolves about the Sun with an
inclined axis. Learn as a fact.

No person has ever visited another planet.

When the Sun is higher in the sky, it gives more direct sunlight.

Sometimes planet pictures are shown with exaggerated colors.
This “false color” is made using technology.

More direct sunlight provides more energy for a location.

Planets seem to move slowly in our sky against constellations.

In spring and fall the Sun rises in the east, sets in the west, and is
in the sky for 12 hours.

The Solar System includes the Sun, the planets, dwarf planets,
comets, asteroids, and meteoroids.

In summer the Sun rises north of east, sets north of west, and is in
the sky for more than 12 hours.

“Shooting stars” (meteors) are meteoroids that collide with Earth
and burn in the atmosphere.

In winter the Sun rises south of east, sets south of west, and is in
the sky for less than 12 hours.

Grade 5
(revisit basic motions, building on earlier learning—thinking
now allows more extended concepts. However, matching views
of in-sky with objects in space more complex than rotation is not
possible for most students.)

In the Southern Hemisphere, seasons are reversed from those in
the Northern Hemisphere.
The Moon phase cycle is 29 ½ days. Moon phase months do not
match with calendar months.

A good model of the Earth, Moon, and Sun shows the true distances
and sizes in space. Book drawings usually do not show the correct
scale.

The Moon phase names are waxing crescent, first quarter, waxing
gibbous, full, waning gibbous, last quarter, waning crescent, and
new.

As the Earth rotates eastward, the horizon moves down in the east
and up in the west—so sky objects appear to rise and set.

Moon and Sun positions cause the tides. Tides have daily and
monthly sets of changes.

As the Earth rotates, stars appear to move counterclockwise around
the North Star, Polaris.

When the Moon is new and on a line with the Sun and Earth, a
solar eclipse is possible.

Constellations are patterns of stars made up by early cultures.

The Sun, Moon, and Earth do not line up every time the Moon is
new.

Constellations form a background for motions of sky objects. The
constellations are much farther away.

When the Moon is full and on a line with the Sun and Earth, a lunar
eclipse is possible.

During a month, the Moon moves eastward through different
Zodiac constellations.

The Sun, Moon, and Earth do not line up every time the Moon is
full.

As the Earth revolves, the Sun seems to move eastward through
the Zodiac constellations.

A solar eclipse happens when the Moon covers the Sun.

The planets appear to move through the Zodiac constellations.

The Moon can cover the Sun in our sky because it is closer even
though it is much smaller.
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The new moon is visible only during a solar eclipse.

Stars have no solid or liquid parts.

A lunar eclipse happens when the Moon moves into Earth’s
shadow.

The Sun is a fairly small star.
Many stars are binary (double) or multiple systems.

In an observation of a solar eclipse, the Sun disappears on its west
side first. When the Moon totally covers the Sun, the Sun’s corona
is visible.

The color of the star surface shows its temperature.
White stars have hotter surfaces than yellow, orange, or red stars.

In an observation of a lunar eclipse, the full Moon disappears on
its east side first. When the Moon is totally within the Earth’s
shadow, the Moon appears red.

Every star goes through color and size changes as it ages.
A star remains about the same size and same color for most of its
life.

Lunar eclipses last longer than solar eclipses and can be seen from
a much larger area.

A star stays the same size if the pressure of energy it produces
balances its gravity.

Grade 8
(At this level the match of sky view with in-space view of the
revolving Earth or phases seen as the Moon revolves starts to
be possible. An important determiner of whether a student will
understand “projective” concepts will be if the concepts listed for
previous levels have been learned.)

The Sun is about halfway through its stable life.
Late in its life the Sun will be a red giant star and then a white
dwarf star.

Day and night happen because of rotation, but do not prove that
the Earth rotates.

A supernova happens when a very large star nears the end of its
life.

One proof of the Earth’s rotation is a Foucault pendulum, which
seems to turn during the day.

Very large stars can explode leaving dense remnants called neutron
stars and black holes.

Seasons are due to the changing overhead paths of the Sun, caused
by the Earth revolving with its inclined axis.

Light travels faster than any object.
Light waves travel through empty space, air, and transparent
objects.

The Earth’s orbit is an ellipse.
Earth is closer to the Sun during the Northern Hemisphere’s winter.

We relate distances of sky objects to the time it takes light to reach
us.

As the Moon revolves about the Earth, the side facing the Sun is
light and the side facing away is dark.

The Sun is 8 light-minutes away. The nearest night star is over 4
light-years away.

As the Moon revolves we see different amounts of the lighted half;
these are the phases.

The Sun is one of billions of stars in the Milky Way Galaxy.

The full moon rises at sunset and sets at sunrise.

In space the Milky Way Galaxy is a large spiral of stars and gas.

The waxing crescent, first quarter, waxing gibbous, and full Moon
are visible in the early-evening sky.

When we look in a dark sky (no moon or light pollution), the Milky
Way appears as a faint light band.

The full moon, the waning gibbous, last quarter, and waning
crescent can be seen in the pre-dawn sky.

The Milky Way we see on a dark night is consists of the combined
glow of very distant stars.

The Moon rotates so that it keeps the same physical side (‘the
face”) always toward the Earth.

The Solar System is not at the center of the Milky Way; it is on
one side.

Gravity and object motion keep objects in their paths.

The Milky Way is one of trillions of galaxies in the universe.

Orbits of most objects are ellipses: planets, dwarf planets, asteroids,
moons and artificial satellites.

It takes light millions of years for light to travel from the Solar
System in the Milky Way to the closest large Galaxy.

Some comets have open paths, while other comets have closed
paths.

Planets have been discovered around many other stars.
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Although ongoing surveys search for life elsewhere, no life
elsewhere in space has been confirmed by reputable scientists.

Electromagnetic waves provide much information about the
universe. PS, P, ES, C

In space astronauts must be provided with oxygen to breathe, air
pressure to balance outward body pressure, and protection from
solar radiation.

All electromagnetic waves travel through a vacuum at the speed of
light. PS, P, ES, C
The Earth’s atmosphere blocks most types of electromagnetic
waves. PS, P, ES, C, Geol

Grades 9-12
(Since high school learning usually is arranged by separate
courses, I note appropriate courses in which each concept can be
taught, in addition to an astronomy course. Some courses are not
science.)

Ultraviolet energy from the Sun causes sunburn. PS, P, ES, C, B
Telescopes in orbit above the atmosphere detect waves that do not
reach Earth. PS, P, ES

Course Code:
Physical Science PS,
Physics P,
Chemistry C,
Biology B,
Earth Science ES,
Geology Geol,
Geometry Geom,
Mathematics (general) M,
Social Studies SS

Magnitude is a nonlinear system of numbers describing brightness
of sky objects. PS, P, ES
All evidence shows that the Solar System formed from a rotating
cloud of gas and dust. PS, P, ES, Geol
Stars are composed of the state of matter called plasma. PS, P,
ES, C
Astronomers have found elements in space using spectra. PS, P,
ES, C

The Earth’s diameter was found over 2000 years ago using Sun
observations and geometry. PS, Geom, ES, Geol

The elements found on Earth are the same elements found
elsewhere in the universe. PS, P, ES, C

The widespread knowledge that Earth is a rotating, revolving
planet is less than 500 years old. PS, P, ES,SS

Most of the normal matter of the universe is the element hydrogen.
PS, P, ES, C

Telescopes had a large role in changing the idea of Earth’s place
from the center of the universe to a planet revolving about the Sun.
PS, P, ES, SS

The matter of stars is in the plasma state. PS, P, ES, C

Newton’s Laws of Motion operate throughout the universe. PS,
P, ES

The Sun and other stars produce energy by nuclear reactions. PS,
P, ES, C

In very special situations of high mass or high speed, Newton’s
Laws are modified, and Einstein’s Relativity operates. PS, P, ES

As stars age, they produce elements with higher atomic numbers.
PS, P, ES, C

The orbits and trajectories of space objects all follow paths that are
defined by mathematics formulas. Geom, PS, P, ES

Uranium and other radioactive elements are formed only in
supernovae. PS, P, ES, C

Microgravity or a sensation of weightlessness is a result of constant
falling. PS, P, ES

The matter of the Earth and living things includes elements that
formed in supernovae. PS, P, ES, C, Geol

Mathematics is very important in astronomy. PS, P, ES, M

The matter of the Earth and living things were in a star or stars that
existed before the solar system. We are made of “star stuff.” PS,
P, ES, C, Geol

All evidence shows that the Sun and Earth are over 4 ½ billion
years old. PS, P, ES, C, B, Geol

The Earth’s atmosphere and oceans and other planets’ fluid parts
are controlled by radiation and convection. PS, P, ES, Geol

We know the age of the Solar System by studying meteorites using
radioactivity. PS, P, ES, C, Geol

Coal and oil resources have potential energy that came from
Sunlight. PS, P, ES, Geol, C

Electromagnetic radiation consists of many types of waves that we
do not see. PS, P, ES, C

All evidence shows the universe was formed in the Big Bang
event. PS, P, ES, Geol

The shortest electromagnetic waves have the most energy. PS, P,
ES, C

The universe is expanding, causing most galaxies to move away
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from each other. PS, P, ES
All evidence shows that the Big Bang occurred over 13 ½ billion
years ago. PS, P, ES
Only a small part of the matter in the universe is normal matter that
emits electromagnetic waves. PS, P, ES, C, Geol
The list has many observational concepts, and planetarium
lessons can help develop most of these observational concepts.
With a list similar to this, it is clear that planetariums can take a
stronger role in astronomy education than with the present U.S.
standards lists.
An opportunity now presents itself in the U.S. with a new
national standards effort. Called the “Common Core State
Standards Initiative,” it is headed by the National Governors
Association and the Council of Chief State School Officers, with
support from 48 states, the District of Columbia, 2 territories,
and the Obama administration. This new effort is inviting
input from many sources. It is an important opportunity for
planetarium educators to have their say. Currently the Great
Lakes Planetarium Association is preparing documents to present
to the planners. There will be a statement of the importance of
astronomy, a statement of the importance of planetariums, and lists
of astronomy content standards for different grades felt important
by the Association. I am participating in this effort.
Many of you who have worked presenting astronomy in
planetariums may be better prepared to write astronomy standards
for the schools you serve than are some who serve on high-level
curriculum committees. I urge you to become involved in highlevel curriculum committees. This could be at a national, province
or state, or a more local level. Make an effort to a) serve directly
on such a committee, b) contribute your own recommended
concept lists, or c) at least prepare carefully-crafted statements
about the importance of the planetarium for students to learn many
observation-based concepts. The ultimate value of doing this is
twofold: First, you will help prepare better astronomy standards;
thus students in the region will learn more astronomy. Second,
planetariums will be recognized as essential tools in pre-college
astronomy education. You and other planetarium educators in
your region may be contacted in future curriculum efforts. It is
this recognition that will help planetariums everywhere remain
open in times of difficult funding. Remembering the 1898 U.S.
Committee of Ten with its power to greatly reduce astronomy
education by its decisions, do not underestimate the power of
curriculum standards prepared by regional groups today. Become
an integral part of that power.
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CELESTIAL MYTHOLOGIES FROM AROUND THE WORLD
Dayle Brown
Pegasus Productions
6109 Tamerlane Drive
South Bend, Indiana 46614 USA
DayleDavid@comcast.net
pegasusproductions.net
Abstract: Listen to Celestial Mythologies from around the world and see illustrations
of the stories. We will hear two stories about the planet Venus. “White Star Woman”
comes from the Pawnee of the United States. “Dawn’s Heart” is from the San of the
Kalahari. Both stories come from the latest book in the Skylore series written and
illustrated by the presenter.
The starry night sky has always filled us with wonder. Down
through the ages we have looked to the skies for guidance from
the images of our heroes, gods, and monsters. Storytellers have
illustrated their mythologies and legends with the night sky,
passing on to future generations the customs of their people. Many
of these stories have survived to the present.
Listen now to three stories about the planet Venus. They
come from the latest of my series of books: Skylore from Planet
Earth: stories from around the world…VENUS. The first story,
“White Star Woman,” is a story about Venus as the Evening Star.
The second story, “Dawn’s Heart” is a story about Venus as the
Morning Star. I could not leave out “Bennu”, which comes to us
from our host country, Egypt.

Four of these star monsters were the Beasts of the Four
Directions. They held up the heavens. Black Star (Black Bear)
stands in the northeast and represents the Autumn. Red Star (Wolf)
stands in the southeast and represents the Summer. White Star
(Wildcat) stands in the southwest and represents the winter. Yellow
Star (Cougar) stands in the northwest and represents the Spring.
Finally White Star Woman accepted Morning Star. Their
daughter was the first human being. Her name was Standing Rain.
She married the son of the Sun and Moon. They populated the
early Pawnee world.

“White Star Woman” (Pawnee, USA)

The Evening Star, White Star Woman, was represented in the
sky by Venus. The Morning Star was seen as the planet Mars.
Each of the Beasts of the Four Directions was represented by bright
stars. Black Star was Vega, in the constellation of Lyra. Black Star
may have gotten his name because of black meteorites, which fell
from the region of the sky near the constellation, Lyra. Red Star
was Antares, in the constellation, Scorpius. White Star was Sirius,
in the constellation, Canis Major. Yellow Star was Capella, in the
constellation, Auriga.

To the Skidi band of Pawnee who lived on the Great Plains,
the Evening Star was known as White Star Woman. She lived
in the west and was very beautiful. She was told by the creator
god, Tirawa, to unite with Morning Star, a great celestial warrior.
White Star Woman did not want to have a husband or children, but
Morning Star kept courting her. He overcame many star monsters,
which she placed in his way.
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disappears behind the fiery sun for a time and then reappears.

“Dawn’s Heart” (San, Kalahari)

As told in the story of creation at Heliopolis, the world began
“Grandfather, are all of the stars in the night sky great
when
the Bennu, the first god, launched itself from the mound of
hunters?” asked the small child.
creation, which rose up from the primordial waters, to bring the
“Yes,” replied Grandfather. “See the great fat one there?” sun into being. The Bennu brought the first light into the darkness
He pointed to Sirius, the brightest star in the sky. “You have to of chaos. When it landed on primeval ground, it gave a cry that
was the first sound.
look at it only once to see what a great hunter it is.”
In other stories, the Bennu paves the way for the sun as Venus,
the Morning Star. It brings the sun, the soul, and the existence of
“No,” Grandfather answered. “The honor of the very best the entire world out of the darkness.
hunter goes to Dawn’s Heart (Venus, the Morning Star), who hunts
in the darkest and most dangerous places of all. He can be seen
only in the early dawn as he makes his way home from the hunt.
At that time you can see him striding over the horizon, his eye bold
and shining. As he continues forward the night whisks around to
make room for him. The red dust spurting from his black heels is
the red you see in the sky before the sunrise.”
“Is it the greatest of all the hunters up there?”

As a person, Dawn’s Heart came down to earth and fell in
love with Lynx, who was also a person at that time. Among the
many animals shining like jewels on the earth, the lynx is the most
suitable to be married to a star. It has flame-like grace, courage,
vitality, and instinct like no other. Is it any wonder that Dawn’s
Heart loved Lynx dearly?

“Bennu” (Egypt)
Ancient Egyptians represented Venus as the Bennu. The
Bennu was said to be like a heron, a crane, or a yellow wagtail. The
word came from an Egyptian verb that means “to rise radiantly”
or “to shine”.
The Bennu was often thought to be like a phoenix, which
burned itself to death every 500 years and was reborn from the
ashes.
The Bennu belonged to Osiris. This may have been because
the Egyptians associated death and rebirth with the planet’s
evening and morning appearances, or maybe because the planet
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SKYLORE FROM PLANET EARTH: STORIES FROM AROUND THE WORLD... VENUS
Dayle Brown
Pegasus Productions
6109 Tamerlane Drive
South Bend, Indiana 46614 USA
DayleDavid@comcast.net
pegasusproductions.net
Abstract: The starry night sky has always filled us with wonder. Down through the ages we
have looked to the skies for guidance from the images of our heroes, gods, and monsters.
Storytellers have illustrated their mythologies and legends with it, passing on to future
generations the customs of their people. Many of these stories have survived to the present.
The starry night sky has always filled us with wonder. Down
through the ages we have looked to the skies and have seen images
of our heroes, gods, and monsters. Storytellers have illustrated
their mythologies and legends with it, passing on to future
generations the customs of their people. Many of these stories
have survived to the present.
In Skylore from Planet Earth: stories from around the world…
VENUS we explore some of the stories about our home galaxy.
People from the entire planet have looked to it for a reminder of
their own traditions. Fifteen richly illustrated stories in each book
take the reader on a trip around the world, giving a glimpse into the
histories and cultures of the planet’s early civilizations.
Here is a preview of two of the stories, “Quetzalcoatl” from
the Aztec of Mexico and “Ishtar” from Babylonia.

to the Aztec from the earlier Toltecs. To the Aztec, the beautiful
feathers of the quetzal bird symbolized vegetation, and snakes
(“coatl”) are symbols of renewal and of the earth. He was known
as the “Father of the Toltecs” and was a very good leader. In the
distant past Quetzalcoatl banished himself from his people and
headed to the east. He promised to return in the year “One Reed”.
In some accounts he cast himself upon a funeral pyre. The ashes
became birds of brilliant plumage and his heart became a star.
When he died he was invisible for eight days as he wandered in
the underworld. Then he climbed into the heavens to become the
Morning Star and a god, “Lord of the Dawn”.
Many of the tribes conquered by the Aztec prayed to
Quetzalcoatl to free them from bondage to their conquerors, the
Aztec. When the year “One Reed” came around, the Spaniards
were honored as the servants of Quetzalcoatl, fulfilling his promise
to return. Montezuma and the Aztec empire were easy targets for
the Spaniards.
It ended with the birds of yellow feathers in a riot of bright gold
Circling till the fire had died out
Circling while his heart rose through the sky
It ended with his heart transformed into a star
It ended with the morning star with dawn & evening
It ended with his journey to Death’s Kingdom with seven days of
darkness
With his body changed to light
A star that burns forever in that sky
(Ending of “The Flight of Quetzalcoatl” [Aztec]
Eng. Version by Jerome Rothenberg)
The god Quetzalcoatl had many forms. In one he was
associated with Ehecatl, the Wind. We see Ehecatl-Quetzalcoatl
descending on a cotton cord, which represented the elliptical path
of the sun, from a sky band decorated with Venus glyphs.

“Quetzalcoatl” (Aztec, Mexico)
The story of Quetzalcoatl, the “Feathered Serpent”, came
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“Ishtar” (Babylon, Iraq)
As the Morning Star, Ishtar was a goddess of war who often
traveled standing beside or upon a lion. Rain was said to fall when
she stepped on the heavens, and vegetation sprang up where she
stepped on earth. When her lion roared, thunder was heard. To
the ancient Babylonians, Ishtar was also the goddess of beauty and
love as the Evening Star.
One of Ishtar’s many romances was with the sun god, Shamash,
because she was always seen close to him. She hovers still over
the eastern horizon before Shamash rises, or stands high in the
west over the place where he sets. She sometimes disappears into
the underworld with him.
In another story, Ishtar disappears into the underworld,
possibly in order to win the kingdom from her sister, Ereskigal, but
is tricked by her sister and is killed. Her father, the god of wisdom,
Enki, restores her life. And so Ishtar is seen again in the sky.
An ancient hymn praises her beauty:
Ishtar is clothed with pleasure and love.
She is laden with vitality, and charm.
In lips she is sweet; life is in her mouth.
At her appearance, rejoicing becomes full.
She is glorious; veils are thrown over her head.
Her figure is beautiful; her eyes are brilliant.
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THE TRIP TO TREASURE ISLAND
Dayle Brown
Pegasus Productions
6109 Tamerlane Drive
South Bend, Indiana 46614 USA
DayleDavid@comcast.net
pegasusproductions.net
Abstract: Participants will explore some of the navigational tasks that would have
been encountered by the characters in the fictional trip to “Treasure Island” by
Robert Louis Stevenson. Participants will work in small “crews” to seek treasure.
They will determine their approximate latitude on earth by measuring the altitude
of the north star using a model of a mariner’s astrolabe. They will determine their
approximate longitude given the time in Greenwich and their local time, and plot
their estimated position on earth by means of a map using latitude and longitude. The
winning “crew” will receive “treasure”.
Treasure Island, by Robert Louis Stevenson, is a classic book often included in the secondary English curriculum. In this workshop
you will explore some of the navigational tasks that would have been encountered by the characters in the fictional trip to Treasure Island.
Workshop Synopsis
I. Welcome and introduction to the planetarium
A. Students are wished a safe voyage on their trip to “Treasure
Island”.
B. Class is divided into “crews” for the voyage.

Midnight
Your time 6:00 pm
Difference 6 hours
Longitude (6 x 15) = 90 degrees

II. Determine our position on earth.
A. Latitude is measured in degrees north or south of the
equator
1. Using a globe, illustrate how the axis of the earth points
towards the North Star.
2. North Star is directly overhead at the North Pole, so
its angular height is 90 degrees (above the horizon).
3. North Star is on the horizon at the Equator, so its
angular height is 0 degrees.
4. Practice finding the North Star using the “Pointer
Stars” of the Big Dipper
5. Practice using the Quadrant to measure latitude.
B. Longitude is measured in degrees east or west of the Prime
Meridian. (note: all measurements will be east of the
Prime Meridian)
1. Compare longitude to time.
2. Earth turns 15 degrees in longitude for each hour
difference in time.
3. Practice calculating Longitude when given the time
difference between your location and the Prime
Meridian.
a. Greenwich time
Midnight
Your time 7:00 pm
Difference 5 hours
5 x 15 = 75 degrees West Longitude
b. Greenwich time

III. Voyage to Treasure Island
A. Distribute pencils, quadrants, and Data Sheets for each
crew
1. “Navigator” from each crew uses quadrant to measure
Latitude
2. Calculate Longitude when given the time difference
3. Record information on data sheet
4. Repeat for two more positions
B. Distribute map of Atlantic Ocean to each crew
1. Crews plot all three positions
2. Crews report to the lass their coordinates for positions
C. Read the actual coordinates for each position.
D. Crews calculate the difference between their estimates
and the actual coordinates and then add the number of
degrees of error and record at the bottom of the page.
E. Crew with smallest error is rewarded with “treasure”.
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This program has been modified for Pegasus Productions
from PASS #2, Lesson 16, written by Gerald L. Mallon. Lawrence
Hall of Science, Univ. of CA, Berkeley, CA and the New York
Hall of Science, Flushing Meadows Corona Park, New York. The
quadrant design has been modified from PASS #10.

Map Handout

Data Sheet Handout (next page)
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ReachOut: BEYOND THE PLANETARIUM
Lina Canas
António Pedrosa
Pedro Borges
Nuno Carvalho
Bernardo Correia
Marco Silva
Centro Multimeios Espinho
Av. 24, n°800
4500-202 Espinho, PORTUGAL
lina.canas@multimeios.pt
apedrosa@multimeios.pt
pedro_silva@multimeios.pt
nuno.carvalho@multimeios.pt
bernardo@multimeios.pt
marco@multimeios.pt
Abstract: Committed to reach those that usually don’t attend science outreach activities
for planetariums, in the International Year of Astronomy 2009, Navegar Foundation Team
developed “ReachOut”, a project composed of a set of events in order to lead planetarium
theatres into new grounds.
• Allow people to experience entirely new ways of get in touch
with astronomy and science based events for planetariums.

The Project
In order to promote culture, arts and science, as well as to
support educational activities, the work that has been developed
by Navegar Foundation Team over the past years has been paying
special attention to schools, developing educational activities as
a complement to the school official programs. Over the years we
established a regular attendance from schools across the country,
as well as among general public, that has been increasing over the
years.

• Take an astronomy environment such as a planetarium
exploring it as a media for broadening science education
horizons.

For International Year of Astronomy 2009, Navegar
Foundation Team set a challenge to themselves: develop entirely
new events aiming those who had little or no contact with
astronomy outreach activities for planetariums. These activities
although thought independently, having “ReachOut” as the main
project behind them, were developed minding the overall activities
for International Year of Astronomy, objectives and cornerstone
projects.

With these goals set and with the “reach out” concept always
in mind, several events were developed to captivate these new
audiences.
Camping in the Planetarium
For 100HoursofAstronomy, an IYA cornerstone project that
from 2-5 April 2009 brought over 100 countries together in a
planet-wide celebration of astronomy, Navegar Foundation shared
the planetarium with the public in different way: turned it into a
camping site.
First, the planetarium chairs had to be removed; it was
interesting site to see as the planetarium floor became totally open.
Second, the idea of the event; we didn’t want to have just a large
group of people sleeping in a planetarium, we wanted to take those
people and make them feel as they were actually sleeping under
a perfect starry sky in the wilderness, and forget they were in a
planetarium in the middle of a city. This is why our team went into
the wilderness to record “sounds of the wild” for an entire night, in
order to replay them in the planetarium.

Several objectives were established:
• Capture general public awareness for astronomy outreach
activities.
• Challenge ourselves in the search and development on new
ways of captivating new audiences.
• Reach those who had never had any contact with astronomy
outreach activities such as sky watching and planetarium
shows.
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On April 4 “Camping in the Planetarium” was held. It began at
9 p.m. when people started to arrive to Centro Multimeios from all
over the country. After the reception we headed to the planetarium,

where the participants selected the areas where they wanted to put
their sleeping bags, which were orderly arranged for the different
groups in the planetarium, making everyone feel comfortable. At
10 p.m. the 40-people group was split in two. One group went to
the rooftop of the building and started watching the night sky in
our observatory. The second group stayed in the planetarium and
watched a planetarium show called “Camping with the Stars”; we
thought it would be a nice way to start our activities. Unfortunately
the “real sky” got cloudy during the second observation, but we
still had the amazing sky of the planetarium to play with. So we
showed them “The Moon is Angry” a planetarium show for the
little ones. After a midnight snack, we went back to the planetarium
to “find constellations”. The participants were split in small teams,
4-5 elements and each team was named after a constellation. The
goal of the game “Constellation Hunt” was to reward those that
knew the sky the better. The participants spent almost three hours
finding several constellations selected by us in the night sky. At
3 a.m. it was time to go to sleep. And at this time the soundtrack
specially designed for the event proved to be a must. Due to a
precise synchronization, a distant church bell rang precisely at
each hour. It was possible to listen to several “sounds of the wild”
through the night, bears, frogs, bats, foxes, and crickets. The birds
started to sing after 7 a.m. welcoming the sunrise and at 9 a.m. the
rooster sang, causing a general laugh. It was a fun way to wake
up. The sky was cloudy so it wasn’t possible to watch the Sun, as
planned, but no one was disappointed after such busy night.

Celestial Heralds
“Medieval Journey in the Land of Saint Mary” is held annually
during ten consecutive days in the historical city of Santa Maria da
Feira, attracting fifty thousand people each day and is one of the
largest medieval fairs in Europe.
For the 2009 edition, Navegar Foundation challenged the
event’s organisation: to have a theme area dedicated entirely to
astronomy. They agreed and Celestial Heralds were born. From
the 30 July to 9 August, 2009, we had portable planetarium with
a theatrical play, sundial workshops, and telescopes, all of these
disguised for the occasion with a “medieval look”. The main
goals were to give some insights on how humanity saw Earth in
the Universe, a much different vision of what we know today after
the first use of the telescope by Galileo.

Immersive Film Festival

With Celestial Heralds we had to “think medieval”: first we
disguised a portable planetarium and built a medieval tent around
it. A theatrical play was written around the medieval concept of
Universe and the new way of thinking after Galileo’s findings in
a dialogue between an astronomer and a friend, a cleric. Working
with us we had a team of actors and actresses that rehearsed the
play and gave life to this event trough their precious help. The
celestial scenario was projected on the dome thanks to a full dome
projector kindly provided by The Elumenati. The visual content
produced for the occasion gave special emphasis on Galileo’s
drawings of craters on the Moon, Sun’s spots, Saturn rings, and
Jupiter moons orbiting around it.

Trying to reach cinema enthusiasts we transformed the
planetarium into an Immersive Cinema and from the 24 to 26
April 2009; Espinho Planetarium held the “Immersive Film
Festival” (IFF09). This festival was a unique opportunity to view
international productions in the Immersive Cinema field (360º
projection) gathered in one place.
In order to share this new experience, a new kind of technology
non-existent to date in Portugal, Immersive Film Festival opened its
doors especially for schools allowing, with these special exhibits,
Portuguese students to access this new media. With the immersive
film festival we were not only able to captivate the audience through
a entertainment but also show the planetarium’s true potential, that
traditionally associated with astronomy gathered many scientific
fields of expertise such as biology, history, geology, etc.

It was also established a way to make wooden sundials. In
these workshops the participants had to paint their own sundial
with brushes made out of feathers and in the end every one learnt
from our medieval astronomers how to tell time in their sundials.
The telescopes were also disguised in a “medieval way”.
Dinner on Mars
Have you ever wondered how it would be like to drink a nice
cup of coffee on the Moon? Or perhaps to eat ice cream, while
orbiting Saturn and its rings? And how it would be like… to dine
on Mars?

It was possible to establish, from the general feedback received,
the great impact that the lack of image boundaries, as well as in
sound, had near the audiences. This gave birth to a concept with
enormous advantages and potential, when compared to traditional
film festivals.

This was our concept for the event entitled “Dinner on Mars”.
Our team members gathered to decide what to do on Galilean
Nights, another IYA2009 Cornerstone Project highlighted for 2224 October 2009. With this event we wanted to take our audience
in a space trip and take a look at the bodies Galileo once looked
at through his telescope. Then, inspired by Douglas Adams, we
thought it would be fun to have our own version of Milliways
(Restaurant at the end of the Universe, by Douglas Adams)…
well, not at the end of the Universe, but what if we could have a
restaurant that could travel through the Solar System… and could
actually see, at close, the objects Galileo only took a glimpse of…?
We liked this idea… and that was how “Dinner on Mars” was born.

This festival was conceived having in mind science outreach and
new technologies promotion towards the public. For the duration
of the festival we had projection equipment kindly provided by
Evans & Sutherland, a state of the art technology unique in the
country. Thanks to it, general public and schools were able to
see approximately 30 different productions, and also competitive
sections sent from all over the world, including Japan, United
States, United Kingdom, The Netherlands, France, Australia,
among others.
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And with it we would have an opportunity to reach other
audiences, other kind of public. We still had sky observations
with our telescopes for our regular public, but the concept and
advertisement of a dinner would allow us to reach those who

normally wouldn’t come to a science outreach event.
That goal was accomplished! A group of 65 people, groups
of friends, couples, families... dined on Centro Multimeios of
Espinho Planetarium on 24 October 2009. The event sold out
completely and had a waiting list of people wanting to join.

However it was interesting to notice the impact that such an event
had on a substantial increase on the number of attendees in several
outreach activities that were later organized in our own institution.
The theatrical play inside the portable planetarium was presented
to maximum of twenty people at a time. Their schedule was one
per hour, from 3 p.m. to 11 p.m., for the eleven days of the event.
Simultaneously, the telescopes installed outside were always busy
with people looking at the Sun or the night sky, as well as making
sundials. For this event a conservative number of participants
would be 6500.

For our Solar System Voyager we had a “Capitan’s log”
announcing the main stops of our journey with a little explanation
of what it was and its relation to Galileo findings. We had a tour
guide handed over to all with explanations of we were going to see
projected in the planetarium dome. We had the names of the menu
recipes changed, for instance “Olympus Mons Duck” or “Valles
Marineris Monkfish” and all tables were named after moons of
the Solar System, which also had a small explanation of what they
were and where they were located.
Feedback and Conclusions

An event entitled “Dinner on Mars” captivates people who
usually don’t go to science outreach infrastructures and events.
Some people didn’t know what a planetarium was, the majority
never had been into a planetarium, but because it was a different
kind of event they decided to join. We were gladly surprised when,
in the end, we heard that they wanted more scientific content,
they wanted more information, people who never ever heard of
planetarium shows or sky night observations. And in that sense we
had a true victory for the target audiences of our event. We found
the feedback from this event truly rewarding for us.

“ReachOut” is a ground project composed of a set of events
developed by Navegar Foundation team for International Year
of Astronomy. In 2009 we committed ourselves to reach those
that usually don’t attend science outreach activities for the
planetarium, by capturing the general public’s attention through
peculiar and innovative events. With this goal set, we camped
in our planetarium, turned our traditional planetarium into an
immersive cinema, disguised ourselves as medieval astronomers,
and turned our planetarium into a restaurant spaceship and dined
through the Solar System.
“Camping in the Planetarium” sold out weeks before and had
a long waiting list. We still have people asking to repeat this event.
This was truly rewarding to see that all participants (mostly family
members, ranging from 4 to 60 years old) enjoyed the astronomical
observations, games and planetarium shows exhibited. We stayed
up until 3:00 a.m. looking at the sky and finding constellations, and
that says a lot about how the participants felt. The direct feedback
was that the event was a very educational experience, innovative,
and fun.

We must analyse the number of people that attended. All
events were sold out, and that says a lot about the public’s
predisposition in participate in this kind of activities. But we must
impose a higher standard in evaluating the whole project. Being
“ReachOut” main background the planetarium, quantitatively
evaluating this whole project we see that we have restrictions in
terms of maximum number of attendees.

Each session of the Immersive Film Festival was restricted
to the 80 seats of the planetarium. In three days of the festival
we had 48 sessions sold out and we had approximately 4000
attendees, including international participants from: UK, USA,
China, France, Italy, Russia, and Spain. For Immersive Film
Festival the sold out shows and the possibility of showing to
Portuguese audiences a new media technology that is non-existent
in the Portugal played a major role. Through this technology we
were able to “take the audience to places” far beyond the limits of
the dome. The references and positive comments on the media,
mostly newspapers, confirmed a high degree of satisfaction among
the public.

But our evaluation, due to the nature of a closed environment
as the planetarium, has to be more than simply numbers. It was
important to captivate people who never had any contact with
planetarium outreach events. It was also rewarding having people
waiting to participate in future events, therefore establishing a
solid set of events sustainable and repeatable in years to come.
Being able to use the planetarium for multiple events apart from
the traditional show presentation was also achieved, broadening
the horizons of our planetarium. “ReachOut” is an ongoing
growing concept, adapting and allowing in times to come to add
new events, exploring new ways of communicating science and
experiences on planetarium theatres.
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Abstract: The immersive film festival 2011 will be the second edition of this festival organized
by Navegar Foundation and taking place in Espinho (Portugal). After the success of the first
edition we plan to expand and improve all aspects of the festival. In the following paper a brief
review and analysis of the first edition will be made along with our plans and intentions for the
2011 edition.

material outside the planetarium show paradigm, and in 2008 we
felt that the quantity and quality of the work available in this format
more than justified the existence of an immersive film festival that
would present these productions to the general public. Another
strong motivation for us derived from the fact that, currently,
there are no venues in Portugal capable of displaying this type of
cinema and we wanted to bring the unique experience of watching
an immersive film to the Portuguese audiences.

Introduction
In recent years, with the introduction of fulldome digital
projection technologies, a new world of possibilities presented
itself to planetariums worldwide. The versatility of digital systems
combined with the unique shape of a planetarium dome brought us
a new kind of cinema: immersive cinema. Its name derives from
the sensation of immersion in the film experienced by the viewers
when surrounded in sound and image from all sides and it is, truly,
a new and unique experience.
The first, and still the majority of, fulldome productions are
planetarium shows, focusing in astronomy outreach, but in the
last few years more and more artistic and recreational fulldome
productions have been made proving that this new medium is
ready to go outside its role of mere planetarium equipment but as
new form of cinema.

Immersive Film Festival 2009

On the technical side, with surge of digital planetariums,
it became relatively easy to exchange content that made the
organization of Festivals or similar venues possible. So Festivals
like DomeFest, Jena Fulldome Festival, Immersive Film Festival
became a reality, but other specially organized screenings, like in
the Adelaide Film Festival or Sundance Film Festival are becoming
increasingly popular.

The first edition of the Immersive Film Festival (IFF) took
place between 24 and 26 April 2009 and had its stage in the
planetarium of the Centro Multimeios de Espinho (managed by
Navegar Foundation). For three days nearly 2000 persons joined
us during the exhibition of over 30 different productions, ranging
from full shows to short clips and films from around the world. A
highlight of the festival was the screening of the films shown in the
2008 edition of Domefest.
The morning and evening of the first day of the festival was
dedicated exclusively the schools in the Espinho district, while the
rest of the days were open to the general public.

Navegar Foundation has been, in the last five years, a major
supporter of digital planetarium technology mainly through the
development of tools to produce content for this new medium as
well as organizing several meetings and workshops. It is with great
curiosity that we have been watching the increased productions of

The response and reaction from the audience was absolutely
amazing, nearly all of the screenings were sold out, and even
though none of the shows were spoken in Portuguese (and
subtitling is impossible to make in a dome environment) the
sheer spectacularity and the immersion of the visual and sound
experience more than made up for that fact.
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Another important part of this festival was the short film
contest, were short clips and films were judged and awarded
according to several criteria. The grand winner of this contest was
the Spanish film “hijos del agua” wining both the first prize and
the audience award.

Regarding the festival itself, we intend to maintain the main
structure from 2009, with a competition for short fulldome films,
that we hope helps to motivate filmmakers to experiment in this
new format and push this new medium forward with new visual
techniques and solutions.

A special word of thanks must be given to Evans & Sutherland
for lending us a fulldome system to be used during the festival.
Immersive Film Festival 2011
After the success of the first edition of IFF there was not a
doubt that we had to make this festival a periodic event. We made
the decision to do it every two years, mainly because, since this
is a new medium, the amount of new fulldome productions being
completed every year is, for now, too low to justify an yearly
edition of the festival. Therefore the second edition will take place
between 29th April and 1st of May of 2011.
One of the major goals of the Festival is to promote the
medium, and due to the existence of two Festivals organized at
the same dates, Jena and Espinho, both organizations felt the need
to cooperate avoiding superposition. The decision has now been
made, where both organizations cooperate, annually alternating
the screening of complete shows between Espinho and Jena.

We also intend to create and strengthen collaborations with
the other festivals that deal with immersive film, namely Domefest
and the Fulldome Festival that takes place in Germany.
Conclusions
Immersive cinema is a new format that has a very strong
impact with its audience, and in organizing a festival such as IFF
we hope to showcase this new format to the general public and
raise its interest in immersive cinema. Another important objective
for us is to motivate filmmakers to work in this format in order to
further diversify the contents available. But most of all we wish to
join the public and the filmmakers for a three-day-long celebration
of Immersive Cinema and help in making this format increasingly
relevant in the future.

The main addition to this edition of the festival will be the
organization of a workshop in the days preceding the festival with
the objective of joining persons from the film industry in Portugal,
either working in film production companies or film students,
with experts in fulldome production from around the world. We
hope that with this workshop we can motivate the Portuguese
filmmakers to embrace this new form of cinema and consider
producing content in this new format.
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Abstract: The International Space Station is transforming into an international
laboratory to measure changes on the Earth below. We now have a hemispherical
large-format fisheye camera on board the ISS to show what it’s like to live and work in
space and to watch the world go by from the new cupola observation deck, especially
when these real images are combined with 3D models. A full-dome ISS show will
recognize the contributions of the international community and is being proposed
to be shared with the IPS membership at all resolutions from the smallest portable
to a major planetarium theater.
This talk will be presented in three parts—first by me (Jon
Elvert) representing the Louisiana Art & Science Museum
(LASM) followed by Carolyn Sumners and Tony Butterfield from
the Houston Museum of Natural Science (HMNS).

this program is still in planning, the grant proposal addresses
how its deliverables will change based on the options presented
in the U.S. Human Space Flight Committee, including both
robotic and commercial alternatives. The project will create ten
informal science products, including the two planetarium shows,
designed for rapid and widespread public engagement in the
future of American human spaceflight, which will be highlighted
by Carolyn and Tony. This project will focus on commercially
viable products that will accurately and immersively simulate
the vehicles and operation of NASA’s future human space flight
program and will generate public interest and excitement through
virtual reality simulations of future experiences inside a new crew
exploration vehicle and at the destinations identified by the new
human space flight initiative.

Last month, the Louisiana Art & Science Museum, in Baton
Rouge, was awarded a NASA program grant of nearly one million
US dollars for the purpose of developing and producing two full
dome shows for distribution at minimum costs to planetariums
worldwide. The grant is a collaboration of two museums with
planetariums (Louisiana Art and Science Museum (LASM) and
Houston Museum of Natural Science (HMNS)), a university
with a space science focus (Rice University), and four producervendors who will provide both the production expertise and the
distribution network. The grant application was in response to
NASA’s announcement to retire the Space Shuttle program and
to create public awareness, excitement, and support for NASA’s
future space program. The proposed US $900K+ grant will
allow the first of the two shows, Future Space, to be given to all
participating conference delegates free of charge who attend the
2012 International Planetarium Society (IPS) conference in Baton
Rouge.

LASM’s primary role in this grant is to act as its Principal
Investigator (PI), which is responsible for the grant money
management, fiduciary reports, progress updates, and general
oversight of the entire grant over its three year period. The
production and content of the show will be Carolyn’s part in this
presentation.

Editor’s Note: The production and content section of this
paper was not submitted for the Proceedings.

The goal of the Future Space Project is to provide the
American public with realistic immersive virtual experiences that
will be the result of NASA’s new human space program. Because
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Abstract: The paper is intended to help the planetarium community to get inspirations
and to find ways to produce creative, entertaining and high quality show content, in order
to maintain the tradition of good public programming after the shift into the digital era of
fulldome presentations and its new demands and requirements.
live presentations which may also include standartized 3D-models
(i.e., planets, etc.), camera movements, and images created by the
various astronomy software available on the market. Other shows
assemble these show parts with fragments of specifically created
fulldome 3D graphics. Or they feature classic screen media (slides
or videos created for traditional 4:3 or 16:9 flatscreen presentations).
State of the Art professional productions can be characterized
by an appropriate show concept with script, storyboard and
several previsualisation steps, and finally produced as 3D computer
graphics Film. Recently, efforts have been made to enhance shows
by the use of fulldome live capture images, although the camera
techniques are still in development.
In 2010 we have an interesting situation for the creation of
content for digital fulldome projection theatres and Planetariums:
the number of institutions with a fulldome video projection systems
is constantly rising. And though it is a recently rapidly growing
number, it is still low compared to standard movie cinemas, and even
very tiny if compared to private home cinemas.

Regarding show themes, content currently predominantly
successful on the market is about astronomy related topics. Nonastronomy related shows predominantly cover children/family or
music shows—designed to attract audiences back to core business
of planetariums: astronomy presentations.

The same applies to the number of fulldome show content
producers. It has constantly been rising compared to the situation
a few years ago. There is a small number of independent fulldome
movie production companies and most of the fulldome shows
available on the market have been created by Planetariums, with a
mixture of grant funding and some effort to refinance their inhouse
productions by show license distribution.
In other words, the market is still fragile. The demand for
fulldome content is rising, but due to the relatively small spectrum
of successfull show formats and the relatively small range of
revenue possibilities, investing in a fulldome movie production is
still a very risky game.
This market situation bears its own content production
models and methods, which are characterised by quality standards
ranging from passionate amateurs to a number of movie production
professionals, trying to make the best out of relatively small
production budgets.
These factors have an interesting influence on how fulldome
shows are currently being produced and on the character of the
shows themselves. Some of the shows are created by recording
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Both, show topics and production methods–to my opinion–
have summed up to a “best practise“ approach of depicting
human environment (nature, astronomy) with a degree of realism
/ naturalism—as detailed as possible with currently available
production means. Goal of most of the productions is to educate
and illustrate science in the best and most realistic ways possible.
Besides this “main stream“ content, there is a niche of
experimental approach to fulldome show content production. Both
show topics as well as production methods and visualisation styles
can be seen as avantgarde, which can open doors to successful
future production models and methods.

Over my last fulldome show productions, I have dedicated
to elaborating new forms of storytelling for the dome. As part
of these means, I have strongly made use of so-called ‘Motion
Graphics‘ (visuals characterised by a love for graphic design in
moving images).
I want to show some examples of my latest production
“Darwin and his fabulous Orchids” which has recently been
awarded with two international design awards for its outstanding
visual approach and its design quality: the Red Dot Communication
Design Award 2010 (http://www. red-dot.de/) and the IF
communication design Award 2010 (http://www.ifdesign.de), after
yet making its way to the DomeFest Finalists in 2009.
But most important of all, Origami-folded paper creates a
fantasy world of its own. Objects modelled out of paper are no
longer measured to be realistic or compared to naturalistic scales.
Surrealistic paper models inspire and open up a world of their own
in the mind of the spectator.

The 45-minute show was designed to present the fascinating
world of evolution biology and the life and work of Mr. Charles
Darwin, illustrated by his research with orchids. As in so many
cases, production budgetwas limited and was only enabled through
grants by the VolkswagenStiftung (VolkswagenFoundation) and to
a smaller extent by cooperating with other German planetariums.

The audience is open for new information, they are fascinated
by images they have definitely never seen before.

On the one hand, the budget did not allow the engagement of
actors, nor the effort to create scenes with live captured images.
Not even high-end 3D computer graphics were within the scope of
production means.
On the other hand, the show was about a lot of abstract ideas
and topics.
The challange was how to visualize the theory of evolution
in combination with botany and history lessons about the life of
Charles Darwin.
Soon I decided to define a key visual that would be abstract and
flexible as a kind of material to project various topics on, but that
would also be open to create a visual world of its own. By studying
the life and time of Charles Darwin, I soon discovered paper and
origami modelling as the perfect common sense.
Paper was the main material to work with and mass storage for
Charles Darwin and his ideas. He wrote down and collected his
revolutionary thoughts on paper. He made drawings and notes of
his observation on paper. And his ideas were published in books
—also made out of paper.
Paper can be modeled (screwed and crumpled) into
3D-objects and still maintains 2D-planes (polygons), on which
photos or drawings of Orchids and other botany illustrations can
be projected on. And Darwin also sketched his ideas of his theory
of evolution—on paper.
Besides, Paper is easy to model and you can elegantly get
along with a very small number of textures—and low render
times!
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It is explicitly unrealistic visuals, such as origami paper
models—combined with exciting music and sound design—that are
capable of creating magic.
A magic that is able to create excitement among the audience,
which will definitely help to fascinate an audience for a topic they
haven´t heard of before.
In other words, leaving the main track of fulldome video
visualization styles and using motion graphics for show production
may achieve both: Creating fresh forms of entertainment—and
saving money and production time
“Darwin and his fabulous Orchids” can be seen at the 2010 Imiloa
fulldome film festival in Honolulu, Hawaii from October 5 - 10,
2010 (immediately following the ASTC 2010 Conference), as well
as on the International Planetarium Movie Festival (IMPF 2010)
at the Gwacheon National Science Museum (Scientorium), Korea in
from 28-30 October 2010.
The show was co-produced by:
Mediendom Kiel (www.mediendom.de),
Botanic Gardens Kiel (www.botanischer-garten-kiel.de)
Ralph Heinsohn (www.tilt-pictures.com).
The show is available in English and German languages and is
distributed exclusively by Carl Zeiss AG - Planetarium Division
(www.zeiss.de/planetariums). Please contact Volkmar Schorcht
for a personal copy of our promotional DVD that previews the
entire show!
Please find more information on www.darwin-orchids.com
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Abstract: Digital projection systems are now becoming popular in planetariums. One
of the biggest advantages of the digital projection system is live viewing capability that
enables audiences in planetariums to see phenomena observed at remote locations.
Although several trials of live viewing in a planetarium have been carried out, a
live viewing system has not yet been standardized and it is still a challenge to realize
higher image quality in large digital domed theaters by multiple projectors. In this
paper, we describe our live viewing system consisting of acquisition by digital cameras,
transmission through networks, pre-processing for projection, and projection in domed
theaters. In addition, we introduce our live viewing trial of the total solar eclipse from
three locations in Asia to a digital domed theater in Sendai, Japan in 2009. In the trial,
we accomplished 0.5 frame/second live viewing of nine million pixels images by two 4K
x 2K projectors in a 250 seat 25m domed theater.
Introduction

300% increase for 25-year-ownership because of its higher system
cost and maintenance cost, and shorter lifetime.
In order to compensate for this disadvantage, and to make a
profitable business, it is desired to explore new services using
digital projection systems. We believe that live viewing in
planetarium is one of the best applications.

Digital domed theaters have been rapidly deployed over the
world in recent years. There are several benefits coming from a
digital projection system. First, it can reproduce the image without
any degradation even after hundreds of playbacks. Second, we
can realize interactive shows by choosing content on demand, and
by pausing in the middle of content playbacks. Third, it does not
require qualified persons to play content, who are essential for film
projection.
However, the total cost of ownership for digital projection
system is higher than the traditional film projection system. In the
investigation conducted by the cinema industry, it will be 200 to

Several trials to realize live viewing of natural phenomena
in planetariums have been achieved. However, they are still in a
trial stage and have not yet been standardized. In addition, their
schemes have two big limitations. First, they cannot be used in
big domed theaters consisting of multiple projectors. Second,
they cannot distribute live images to multiple domed theaters at
the same time.
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This paper proposes a scheme for achieving live image
transmission to domed theaters and examines the performance
in a proof-of-concept experiment at a total solar eclipse in 2009.
Our aim is to establish a methodology of live image transmission
to domed theaters. We achieve this by live image file feeding
that transfers the image signal not by streaming of signal but
by file transfer. We designed and implemented a live image file
transfer tool. Compared with existing file transfer protocols, our
tool focuses on live image transmission that requires sequential
transfer of a sequence of images, created by an off-the-shelf
camera automatically, while keeping the image quality as high
as the available bandwidth allows. We also report on a real life
experiment in which we used our new transmission system for the
live display of a total solar eclipse captured at three locations and
streamed to a domed theater.

example, a small domed theater with 10 seats uses one 1920x1080
High-Definition (HD) projector and realizes 1080x1080 pixels
projection. A middle size dome with 200 seats uses two 4096x2160
(4K) projectors for 4096x4096 pixels.

The rest of this paper is organized as follows. In Section 2,
we overview projection systems in domed theaters and classify
their difficulties in live transmission. In Section 3, we compare
the conventional streaming approach and file transfer approach, for
live transmission to domed theaters. We briefly describe the key
design of live image file feeding in Section 4. Section 5 shows our
total solar eclipse transmission experiments using live image file
feeding. We conclude with a summary in Section 6.

Projection processing differs between single-projector systems
and multiple-projector systems. The process for single HD
projector systems is as follows. We first map a 1080x1080 dome
master on a 1920x1080 image frame, and then project the HD image
through a CFE lens. Through a CFE lens, only the content area of
dome master is displayed on a hemispherical screen. The process
for multiple projector systems is not so simple as single projector
systems. When we use multiple projectors, pre-processing called
slicing is required. For example with six HD projectors, we first
slice: cut a dome master image with special curves and lines and
make six image pieces. Second, we rotate each image piece,
transform it according to the projector position, and map it on the
center of a HD image. Third, each image piece is projected in sync
with other five image pieces and we can see a blended image on the
dome screen.

Live Transmission to Domes (section 2)

Slicing is an absolute necessity for multi-projector projection
systems. The slicing pattern depends on the number of installed
projectors and on the projectors’ position in a dome. In addition,
real time slicing requires additional computing. Therefore, for
their daily local playback operation, dome projection systems
use pre-sliced images and play each of them on different players
simultaneously.

Projection Systems in Domes
Live Transmission Trials to Domes
Several trials of live transmission to small domed theaters
are reported. In 2005 and 2006, Okyudo et al. transmitted a series
of solar eclipse images from an observation site to Japan [1]. The
system they used consisted of a digital still camera with a CFE lens,
which captures a 180 degree hemispherical view, and a projector
with a CFE lens. The images captured by the digital still camera
were transferred over the Internet using SCP and HTTP every 30
seconds. In 2009, Okyudo et al. transmitted 2000x2000 images to
a dome. The system consisted of a digital 4K video camera with
a CFE lens and a 4K projector with a CFE lens. The captured
images were transmitted using JPEG2000 4K codec.

The common capability of projection systems in domed
theaters is to show a “dome master” on a hemispherical screen. A
dome master image is a Circle Fish Eye (CFE) image, a circular
image in a square image frame as shown in Figure 1, and it is the
standard image format for domed theaters.

Figure 1. Content area and unused area of CFE images.

No live transmission to large domed theaters is reported.
Single-projector based live transmission systems mentioned above
cannot be applied for large domed theaters for the following three
practical reasons. First, the physical size of a pixel projected on a
large dome screen by a single projector is too large. Second, the
projected images by a single projector in a large dome are too dark
to see. We cannot use projector stacking to improve the brightness
because it brightens the darkness and loses the contrast. Third, the
cost of temporal installation of single projector system for every live
transmission cannot be ignored. It requires fine-grained adjustment
before the live transmission, and takes time.

Although dome master is the standard image format for domes,
it doesn’t specify any standard pixel count because the required
pixel count depends on the physical dome size and dome size
depends on the size of the building and space. In the results, many
different projection systems in terms of pixel count are installed
over the world. In general, the larger domes require more pixels
than small domes to keep the projected physical pixel size small.
And they employ multiple projectors for large number of pixels. For

Difficulties of Live Transmission to Large Domes
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Live transmission to large domed theaters using a multipleprojector projection system has technical difficulties. The following
three mismatches between the sender side and the receiver side
make live transmission to large domed theaters difficult.

(1) Slicing: In live transmission to a multiple-projector system,
real time slicing is required because the captured image using a
single camera with a CFE lens is a circular image in a rectangle
frame, and is easily converted to a dome master by trimming the
left and right edges.
The speed of the slicing process affects the video frame rate.
The slicing speed of each projection system is not the same. It
depends on the computing resources used in projection systems.
The performance of computers doesn’t improve anymore after the
installation.
(2) Image Size: The image size of the dome master for live
transmission is determined by the camera specification and
configuration at sender side. The pixel count of camera is growing
every year. The larger pixel count is preferred in large domed
theaters. At receiver side, the projection image size is determined
by the physical dome size. There are no standardized image sizes
for live transmission.
(3) Clock Synchronization: Domed theaters are standalone
systems that are not designed to receive an external video signal
from other systems, so that there are no interfaces to synchronize
to other external systems. Furthermore, a multiple-projector
projection system requires a synchronization mechanism among
projectors to show sliced images composing the same dome master
frame at the same time. This synchronization clock varies depends
on the specification of projector and the graphic cards installed in
the system.

Approaches to Live Transmission to Domes (section 3)
Conventional Streaming Approach
The conventional approach for live transmission is streaming.
This approach has been widely used for broadcasting such as MPEG2
Transport Stream (MPEG2_TS) [2] and Windows media. In this
approach, both sender and receiver sides assume the same image
format. For example, in a 1920x1080 HD broadcasting system, the
image size coming from video cameras is always 1920x1080 HD
and the HD displays do not accept other than 1920x1080 pixels.
In addition, the displays synchronize their clock to the sender
side using the image signal coming in. The simplest case of this
approach is direct connection between a camera and a display. The
cable between them carries an image signal and synchronization
clock in a pre-defined standardized image format from the camera
to the display, with no return signal from the display. Transmission
over networks works on the same concept. A pair of transmission
boxes, a sender box and a receiver box, is inserted between the
camera and the display instead of a part of the cable.
This streaming approach doesn’t fit to domed theaters, because
domed theaters don’t have a standard image format and they don’t
synchronize to other systems. In the following, we point out
the inefficiencies of this approach assuming we use the existing
broadcasting standardized format for domed theaters.
First, the broadcasting aspect ratio is inefficient for domed
theaters. Since the aspect ratios of the broadcasting image format
and dome master are different, 16:9 and 1:1 respectively, we have
to map a dome master in the center of the broadcasting image
frame. In the result, the circular content image area of dome master
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in the 16:9 frame is 44% of entire image frame as shown in Figure
1. The dome requires large pixels and this inefficiency cannot be
ignored. In addition, the vertical pixel count of broadcasting image
is the upper limit of pixels in dome master. For example, even
when we use a state-of-the-art 4K camera, 2160x2160 pixels are
the maximum pixel counts for dome masters.
Second, the difference of frame rates causes inefficiency.
While broadcasting always uses the same frame rate, such as 30fps
and 25fps, domed theaters require different frame rates depending
on the captured scenes. For example, the capture of stars in night
requires long exposure and it doesn’t require the high frame rates
used in broadcasting. Domes need flexibility in frame rate.
Third, the implementation cost is too high. The streaming
approach needs real-time processing, so that hardware
implementation is required. Although MPEG2_TS has a flexible
image container and any image size and any frame rate are
supported, no implementation for domed theaters has appeared.
Furthermore, no such cameras and real-time slicing equipments
have appeared.

File-based Approach
Our approach is file transfer based. In our approach, we obtain
image data from cameras as image files, transfer the image files one
by one, and load them into the projection system.
Benefits of this approach that a conventional streaming
approach cannot achieve are as follows. First, we can obtain more
pixels by using commercially available digital still cameras that
have more pixels in the circular area relevant for dome projection
than state-of-the-art digital video cameras. For example, we can
obtain a square area of 2832x2832 pixels for a dome master by a
digital Single-Lens Reflex (SLR) camera in the market, while stateof-the-art 4K video cameras, which are not yet widely available,
can capture 2160x2160 pixels. Digital SLR cameras cannot stream
their output for still images but they write them to individual files.
Secondly, we improve the efficiency in data size. Our filebased approach can easily trim off the left and right edges of
captured images to obtain square dome master images. For
example, as Figure 1 shows, the aspect ratio of digital SLR cameras
is 3:2, so that the ratio of the circular image area needed for dome
projection to the entire 3:2 image frame is 52%, and it is 78% after
trimming. On the other hand, when a 16:9 HD video format is
used, the ratio of the circular area to the entire image is 44%, and
we cannot trim the images because it is a standardized streaming
format. This means that our approach with using a SLR camera
and trimmed still images transfers 50% less data than an HD video
stream would.
Third, no clock synchronization between the sender (a camera)
and receiver (projectors) is required. In typical high quality image
transmission systems such as broadcasting systems, the lack of
clock synchronization can cause sender and receiver to get out of
synchronization, which can cause dropped or repeated frames at the
receiver side. In our approach, both sender and receiver use their
own local clocks. Although we need to have a buffer at the receiver
side to compensate for the clock speed difference between sender
and receiver, the buffer does not need to be very large because the
live transmission of an event such as a solar eclipse lasts several

hours. Furthermore, we can use digital still cameras, which do not
have clock interfaces, and also a projection system with multiple
projectors.
Fourth, the frame rate conversion from capturing speed to
projection speed is easily realized by skipping or duplicating image
files periodically.

lower. This transmission rate doesn’t depend on the distance
between the sender and receiver.

Reliable transmission

Fifth, even when additional image processing is required such
as a conversion to a dome master with a lower image resolution,
we can achieve this by using multiple computers without special
hardware development. For example, even if it takes one second
for the conversion of each file, we achieve 10fps by using ten
computers and assigning the files round robin.

Reliable transmission is required. Otherwise, we cannot see
the image at the receiver side. Retransmission and/or Forward
Error Correction (FEC) are the solution for it. Retransmission
requires time for recovery and FEC requires computing resources.
We can choose according to the given environment.

Periodic File Status Check

Sixth, each domed theater can organize the show independently.
In the file-based approach, the transferred files are temporally stored
at the domed theaters. This allows each theater to play, pause, stop,
and replay independently from the data source, according to their
show program, much like a digital video recorder. No additional
recording is required.
Although we mentioned six advantages of the file-based
approach, there is no file transfer protocol available that is designed
for live transmission. TCP based file transfer protocols such
as FTP [3] and SCP [4] have the well-known problem of being
inefficient with high bandwidth network connections. When we
transfer the captured images from a far-away observation site, it
takes a long time to transfer them. In addition, packet loss causes
a degradation of the transmission speed and we cannot achieve live
transmission. UDP based file transfer protocols such as RBUDP
[5], TSUNAMI [6], and UDT [7] have improved on this problem
and they allow transmission at constant bit rates. All three above
mentioned protocols are not suitable for image streaming because
they send a large amount of data before they verify if the data has
been transferred correctly. However, in our case it is crucial that
the images be transferred in their correct sequential order, and that
missing packets can be requested and retransferred at the end of
each image transfer.

Since it is difficult to estimate precisely the time of creation
of a new file or update of the existing files, a periodic file status
check is required. File status check is realized by enumeration of
the directory and by comparison with the last enumeration. If the
system detects new files or updated files, then the files have to be
transmitted. The interval between status checks is determined by
application perspective, such as frame rate and storage performance.

Immediate Retransmission
In live transmission, receivers play from the images captured
earlier. It is required that the images have to be delivered to the
receiver in the order that the images are created at the sender.
Therefore, if retransmission is required, the retransmission packet
must be sent out with the highest priority.

Total Solar Eclipse Transmission (section 5)

File sharing protocols such as NFS [8] and SAMBA [9] are
designed for LAN environments and we cannot use them for live
transmission because their transmission speed is slow for long
distance transmission. Another type of file sharing protocols such
as Hadoop [10] and GFS [11] are designed for well-organized cloud
computing environments. This is different from domed theater
operations.

Overview
On 2009 July 22, a total eclipse of the Sun was visible from
within a narrow corridor that traversed half the Earth. The path
of the Moon’s shadow began in India and crossed through Nepal,
Bangladesh, Bhutan, Myanmar, and China. After leaving mainland
Asia, the path crossed Japan’s Amami Islands and curved southeast
through the Pacific Ocean where the maximum duration of totality
reached 6 min 39 s.

We designed a new file transfer protocol specialized for live
transmission. We call this new file transfer approach live image
file feeding.

Our total solar eclipse transmission project was to try to
reproduce the atmospheres of the solar eclipse in a large domed
theater with a multiple-projector projection system for more than
two hours from the beginning of partial eclipse, through the total
eclipse, to the end of partial eclipse.

Design of Live Image File Feeding (section 4)

In order to reproduce the atmospheres in a domed theater, we
used digital still cameras with a CFE lens for the highest quality
we had ever tried in terms of pixels, bit depth, and time resolution.
The reason why we didn’t use digital video cameras and used a
still camera is that still cameras have higher pixel count than video
cameras. The pixel count is more important than the frame rate
when we show the images on very large screen. In addition, the
atmosphere of total solar eclipse is slowly changing time by time
and the slicing speed of the dome projection system is lower than
the video frame rate.

The differences between our live image file feeding protocol
and existing file transfer protocols are the following four points.
Flat rate transmission
The required transmission rate has to exceed the bit rate of
file creation. The margin depends on the network performance.
If many packets are lost in the network, we need to use a higher
transmission rate or we need to change the bit rate of file creation
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Locations and Network
We transmitted the images to Tokyo from three observation
sites along the total solar eclipse path, Wuhan, Shanghai, and
Amami Island, and distributed from Tokyo to five venues, Sendai,
Chicago, Amsterdam, Yokohama, and Canberra. In this paper,
we focus on the transmission from the three observation sites to
Tokyo and from Tokyo to Sendai and Chicago. We had a domed
theater with a two-projector projection system in Sendai and a tiled
display system, which is another special viewer system, in Chicago.
We used our implementation of live image file feeding protocol
for the transmission from the observation sites to Tokyo and from
Tokyo to Sendai and Chicago. All three observation sites, the relay
point, and projection sites worked independently without any clock
synchronization.
Figure 2 shows the network among the locations. We used
IPv6 network from Wuhan and Shanghai to Tokyo, consisting of
CERNET2, HKIX, APAN, T-LEX and JGN2plus. From Amami
Island to Tokyo, we also used IPv6 network, consisting of Amami
city network, NTT consumer FTTH service called B-flets, T-LEX,
and JGN2plus. For distribution, we used IPv4 network from Tokyo
to Sendai, consisting of T-LEX, JGN2plus and NTT multiple
100Mbps business service. From Tokyo to Chicago, we used IPv4
network consisting of T-LEX, JGN2plus, and StarLight. Almost all
parts of the above network are shared network. Note that we shared
the network with other eclipse transmission projects especially in
Japan.

connection at a laptop computer on site. Then, we transmitted the
exported files from the laptop to Tokyo using live image file feeding.
The bottleneck of the system in observation sites was the image
transmitter. The maximum FTP throughput through this equipment
was 30Mbps. And, we configured the maximum transmission rate
of live image file feeding at 70Mbps.

Figure 3. System configuration at observation site.
(2) Relay point: Tokyo is a relay point for distribution. At
Tokyo, first, we received all the images from three different
observation sites and checked them. Second, we made 2832x2832
pixel square images by cutting the left and right black edges of
every image frame, to reduce the data size and stabilized the image
interval to one frame per second by duplicating the previous frames
if required. Third, we mixed three sequences of images into one
sequence to make a single series of images. Finally, we delivered
the images to the projection sites. All the processes mentioned
above were realized in real-time. Figure 4 is the overall processing
at the relay point and figure 5 is a picture of the relay point in Tokyo.

Figure 2. Network of total solar eclipse transmission.
System
(1) Observation Sites: The captured images at observation
sites are 4256x2832 pixels rectangular JPEG files. Each image has
a circular image whose diameter is 2832 pixels. The image files
were created every five seconds during the partial solar eclipse, and
every second during the total solar eclipse. The file sizes varied
from 1.1MB to 3.0MB depend on the scene.
Figure 4. Processing at relay point.

Figure 3 shows the system we configured at the observation
sites. We used a Nikon D3 digital still camera with a CFE lens for
capturing. The camera was connected with an image transmitter,
Nikon WT-4, via a USB cable. This transmitter has a Fast Ethernet
interface, and can export the images one after another using FTP
during the capturing. In our system, we terminated this FTP
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Results
We transmitted the images successfully from three observation
sites to Tokyo during the eclipse. However, the transmission
stopped around 30 minutes after the starting of live transmission
both at Sendai and Chicago. We tried to figure out what caused the
problem on the other days, but we could not encounter the same
problem and could not find out the problem.
Conclusions (section 6)
The goal of this work is to explore live transmission to
domed theaters with multiple-projector projection systems with
a new methodology that we call live image file feeding for realtime delivery of digital image files globally over the network. We
classified the difficulty of live transmission to domed theaters
especially for multiple-projector projection systems, presented a
design of live image file feeding. Furthermore, we showed that our
live viewing system worked successfully in the total solar eclipse
transmission in 2009.

Figure 5. A picture taken at relay point (left side three displays
show the image coming from Wuhan, Shanghai, and Amami
Island).
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(3) Projection Sites: We configured the maximum transmission
rate of live image file feeding as 40Mbps to Sendai and 400Mbps
to Chicago.

At Sendai, we prepared a dome projection system with two
projectors. The directory that stores the received files through live
image file feeding was shared by SAMBA to the projection system.
The slicing performance of the projection system in Sendai was
0.5 fps, and we showed a series of delivered images skipping one
image file.
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At Chicago, we showed the images on a tiled displays system,
SAGE [12]. We projected all the three sequence of images of
Wuhan, Shanghai, and Amami Island on SAGE. Each sequence
was one frame per second. By SAGE programming, the newly
arrived images were checked periodically and projected on the
displays. Figure 6 shows a picture taken at Chicago.
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GO TO VENUS!—PLANETARY SCIENTISTS MEET PLANETARIANS
Kaoru Kimura
Akatsuki Project
Japan Science Foundation
2-1 Kitanomaru Park, Chiyoda-ku
Tokyo
102-0091 JAPAN
kaoru@jsf.or.jp
Abstract: There are over 300 planetaria familiar to 127 million Japanese within the local
community. They are ideal facilities where the current scientific researches and missions
are publicized. With enthusiasm and presentation skills, combined with the most upto-date information from professional sources, planetarians can do better outreach jobs to
a much bigger audience than would be done by scientists. JAXA’s Venus exploration project
“Akatsuki” (launched in May 2010) collaborates with planetarians by providing accurate mission
information and by discussing better ways of education and outreach. Our efforts and future
plans will be presented.
They are ideal facilities where the current scientific research
and missions are publicized. With enthusiasm and presentation
skill, when combined with the most up-to-date information from
professional sources, planetarians can do better outreach jobs to
much bigger audiences than would be done by scientists.

Go to Venus! Go to Mars! Our interests are expanding from
Earth to other planets. Someone might believe that Martians live
on Mars, but we already have various information about Mars.
Most of people do not believe Martians; they are thinking that
Martians only live in films and Science Fiction. But who could
tell the latest condition of Mars? How is Venus? Is really Venus a
twin sister of Earth? Who knows?
We know the forefront science educational programs at
the Kavli Institute for Cosmological Physics (University of
Chicago) are outstanding. In JAPAN, JAXA could facilitate the
communication of forefront science to the large public if there are
enough scientists or education and public outreach coordinators.
As one thinks, the project scientists are always looking for
educators or volunteers to provide the results of their research to
the public.

JAXA’s Venus exploration project “Akatsuki” (launched
in May 2010) is a mission to investigate the meteorology of
Venus. Our aim is to obtain a better understanding of planetary
meteorology, including that of our own Earth, by constructing a
theory of Comparative Planetary Meteorology through comparing
the atmospheres of Venus, Mars, and Earth. The “Akatsuki”
project collaborates with planetarians by providing accurate
mission information and insight into ongoing research and the
process of science, and by discussing better ways of education and
outreach. Our efforts and future plans will be presented.

Fortunately there are over 300 planetaria in Japan for 127
million Japanese and are familiar space in the local community.
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THE NEW LAWRENCE HALL OF SCIENCE PLANETARIUM
Toshi Komatsu
Lawrence Hall of Science
University of California
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Abstract: Over the past 36 years, the Planetarium at the Lawrence Hall of Science
has gained an international reputation for developing and presenting interactive
programs. In the summer of 2009, the Planetarium closed for renovation and we
now have a new, larger Planetarium with a geodesic dome and new projection system.
We have been going through some growing pains getting used to our new space.
However, we remain committed to our philosophy of presenting all live programs with
hands-on activities. We also are looking to the future by experimenting with using the
Planetarium as an open exhibit.
Hopefully some of you are familiar with the work done at
the Planetarium at the Lawrence Hall of Science in Berkeley,
California in the United States. For almost 37 years, the
Planetarium has been committed to presenting live, interactive
programs. Our programs are almost all developed in-house,
and are not merely lectures. Each one of our programs has at
least one activity—and often more than one—for the audience to
explore some astronomical or physical concept. It has been our
philosophy, from the beginning, that our audiences come to learn
astronomy by doing some astronomy.

As many of you are probably aware, the Kepler Mission
is currently in orbit observing 100,000 stars simultaneously,
looking for transiting exoplanets—and specifically, terrestrialsized exoplanets. Two weeks ago, Kepler announced finding
700 promising candidate exoplanets! While we made use of our
new digital capabilities, we also included our signature activities.
Included in the program is a chance to explore a light curve created
in real time by a light sensor pointed at an orrery. We also have the
audience analyze sample light curves to “discover” a terrestrialsized planet.

The original Planetarium, built in 1973, was a 20-foot (6
meter) dome with a GOTO Mercury star projector donated to us
from UCLA. We had a single row of circular bench seating for
27. Downward-pointing cove lighting provided illumination for
the audience during activities. We used four slide projectors—
two that were synchronized and aimed at the horizon, and two
independent projectors aimed towards the zenith. Finally, we had
a Sony three-gun video projector, also aimed towards the zenith.
I am told we were one of the first planetariums to ever install a
video projector in the dome (though we were quickly surpassed in
scope and technology).

About 17 months after installing our “new” system, we started
on our newer, current system. Previously, we only swapped out
the projection system. This time we were building a whole new
theater! We were going to increase our dome size to 30 feet (9
meters), increase our seating capacity, and use a single projector.
The seats are the refurbished bench seats from the old Chabot
Planetarium in Oakland, California. The projector is a single-lens
Digitarium Epsilon, from the folks at Digitalis, with an effective
diameter of 1200 pixels. This required closing the Planetarium for
about 6 weeks.

In 2008, we made our first major upgrade since the initial
construction of the Planetarium. We shut down the Planetarium
for two weeks while we removed our venerable Mercury star
projector. In its place we installed two Sky-Skan Definiti PD
projectors, running their Digital Sky 2 software. We had made
the quantum leap to the 21st Century with fulldome video! All of
this was installed in the same dome—only the projectors were
changed.
With our new system in place, we developed our very first
program to take advantage of our all-dome video system—“Strange
Planets.” This program highlights the search for exoplanets and
the Kepler Mission in particular. It was funded as part of the
Education and Public Outreach for the mission.

The dome itself is worth discussing in more detail. We
purchased it from a vendor called Pacific Domes, and it is an
inflatable dome. However, it is not like the domes from Starlab or
other portable dome vendors. This is a geodesic structure, covered
with a black fabric shell that acts as both sound baffling and as
walls. There is also a secondary exterior shell, made of a tougher
tarp-like material to protect the dome. Here is a time-lapse of the
dome being constructed.
For the projection surface, we use a fabric screen lining. The
projector lining is held in place with five ties at the geodesic’s
zenith, and velcroed to the walls at the springline. The whole
lining remains inflated with a negative pressure system. A small
fan sucks out the air between the projector lining and the geodesic,
taking about fifteen minutes to completely inflate.
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The console was custom-built by our Exhibits department,
and houses our projector, render machines, and has plenty of shelf
space for our master control computer and for materials used for
our activities.

Another part of that experiment is to see if the planetarium
could be opened up and used in an “exhibit mode.” In addition to
having the power of Digital Sky, our system can also run Digitalis’
software—Nightshade (based on Stellarium). We are also working
on creating a touchscreen interface to allow visitors some limited
control of the planetarium sky. Our hope is to eventually allow
the planetarium to be used for walk-in demonstrations when the
theater is not being used for formal programs.

With the new dome in place, we re-opened in October of 2009,
with fifty seats—almost double our previous capacity. As in our
previous configuration, we have circular bench seating, but two
rows this time. For the outer row, we have eighteen downward
pointing orange reading lights.

Although the full “walk-in exhibit” concept is still in
development, we have experimented with presenter-facilitated
walk-in demonstrations during our open house and a few special
events. This past fall and spring, the Lawrence Hall of Science
tried out a series of evening events aimed at the adult audience,
as opposed to our usual demographic of elementary school
children. As part of these “Geek Outs” (as they were called), the
Planetarium left the doors open, and we let visitors enter and exit
freely. These were very informal programs—a combination of
presenter’s choice and audience requests. They were a completely
open forum, where the public could ask their astronomy questions.
Presenters would use the planetarium as the incredible visual
teaching tool it is—sometimes using segments from existing
programs, sometimes just making it happen on the fly. Topics
ranged from constellations to timekeeping to planets to flying
through space to exoplanets to galactic surveys and more!

Since the inner row also needs illumination for activities, we
are currently using a series of clipboards with LED flashlights
mounted on them, custom designed by Alan Gould, whom many
of you probably know. We are currently also experimenting with
having sets of LEDs mounted at the console and pointed towards
the inner row.
So, how are we doing? We have seen an increase in attendance,
and we have gotten generally positive reviews. However, some
challenges we are still grappling with. Although we have doubled
our capacity, we have not doubled our attendance. So, it is a little
more difficult to maintain that intimate feel we used to have.
The audience tends to be more spread out in the new seating
arrangement.
With the larger space, and increased ambient noise from the
fan and the outside, we have gone through a few microphone
systems to find the best fit. We now have both a wireless handheld
and a wireless wearable microphone we can use. Our old seating
was small enough we never needed a microphone, so we have
been getting used to just using a microphone—that is, watching
our levels and trying very hard not to pop our P’s.

So what’s next for the Planetarium at the Lawrence Hall of
Science? We have some more programs to publish. We will
continue to work on the exhibit mode concept. We have also made
some inroads for collaboration with our local resources. As part
of the University of California at Berkeley, we have a number of
distinguished astronomy professors just down the hill from us.
We also just recently connected with a local college for digital
arts (located very close to Pixar Animation Studios), and they may
be able to help us create some new digital imagery and some 3D
models to use in the dome. Finally, we remain committed, as I said
at the beginning, to create and to innovate hands-on, interactive
programs for the planetarium.

Dealing with two rows has perhaps been one of the biggest
differences. Again, in our interactive programs, we often have
activities requiring materials to be distributed. These can be a
simple as a star map on a single sheet of paper, or small models for
the audience to manipulate. Whereas before we could do a simple
“pass this down the row,” logistically we have move around a bit
more and distribution definitely takes more time than it used to.
From the beginning, the decision to go to a larger space
was part of an experiment. We have always been known for our
programs being done with small groups. Would our programs
and activities still be effective with larger groups? The answer,
at least so far, has been...yes! Although our techniques have had
to be modified slightly, we are moving forward in the belief that
interactive planetarium programs can be done, even with larger
groups. How large? Well, that remains to be seen.
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THE NAVIGATOR OF OUTER SPACE
Luc Martin-Gousset
Point du Jour
1-9 rue du Général Malleterre
F-75016 Paris
FRANCE
h.defremont@pointdujour.fr
Abstract: Two years ago, the photographer Serge Brunier embarked on one of the biggest
projects to photograph the whole sky. The result was an exclusive image that reveals the
Milky Way in all its splendor and spans the heavens through 360°. It is composed from a
mosaic of 1,200 photos, taken over the course of a month in the Atacama Desert in Chile
and from the summit of La Palma in the Canaries. The re-enactment of Serge Brunier’s
journey and the making of his photograph will provide the central narrative of our film that
takes the viewer on a voyage of discovery through our own galaxy and onward across the
universe.
To mark the International Year of Astronomy in 2009, the
photographer Serge Brunier, with the aid of the European Southern
Observatory (ESO), had embarked on the biggest project to
photograph the sky ever undertaken.

range between France and Spain.

The result was this exclusive image of 800 million pixels,
revealing the Milky Way in all its splendor, spanning the heavens
through 360°, from the North to the South Pole. It is composed of
a mosaic of 1,200 photos, taken over the course of an entire month
in the Atacama Desert in Chile and also in the locations of various
observatories of the northern hemisphere.
Serge Brunier’s journey for the making of his photograph
provides the central narrative of a film written by Serge with Bruno
Bucher. This tour across the earth and into space takes us first to
the heart of the Atacama Desert and to the biggest astronomical
observation sites in Chile, from the VLT telescopes to the giant
antennas of ALMA in the Andes Cordillera. And finally, we will
end up at the top of the Pic du Midi in the Pyrenees, the mountain
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vault to reveal it in its true dimensions, space and time at once,
the sky becomes the cosmos. Probing farther and farther into
space, we go ever farther back in time, until we can piece together
the entire history of the cosmos.
The film creates a link between the photographer’s vision—
our own vision, in fact—when faced with the immensity of the
skies, and that of astronomers who train their powerful telescopes
on distant points in the universe in their quest for new discoveries.
Serge Brunier :
I wanted to show the skies in a way that each of us
can understand and appreciate, with all the constellations
and stars that are familiar household names, such as the
Great Bear, Sirius, Vega, Antares, etc.
By its very depth, this image will confront all of us
with the sublime and vertiginous abyss of the universe.
Humanity has a very deep, instinctive, almost filial
connection with the heavens. The stars are always there
above us, even when we don’t see them. As they glitter
softly in the dark skies, they speak to us, silently ...
This perceived complicity, though, is an illusion. It’s
an impossible dialogue. Looking at the sky is like diving
into the abyss of time. Only the cosmic past is accessible
to us. Strictly speaking, the universe is just an image.

Based on the photographer’s travels under southern and
northern skies, the film goes on a cosmic journey through space and
time. Each step on the photographer’s route offers an opportunity
to “dive” into the depths of the celestial sphere to discover the
nebulae, the stars, planets, and galaxies of outer space. We will
visualize them as they are perceived by the naked eye, through the
camera’s lens or through scientific imagery and modeling.
The sky is the star of the film. In discovering it step by step,
by taking us away from the misleading vision of an enveloping

For the production of this film, Totavision, in collaboration
with Point du Jour, has developed a special filming device with
eleven HD cameras making it possible to project real images
full dome in HD quality. This film is also coproduced with RSA
COSMOS.
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NEW STARS IN MUSIC CITY:
LESSONS LEARNED IN BUILDING THE NEW SUDEKUM PLANETARIUM
Kris McCall
Sudekum Planetarium
Adventure Science Center
800 Fort Negley Blvd.
Nashville, Tennessee 37203 USA
krismccall@adventurescience.com
Abstract: In June 2008, the new Sudekum Planetarium debuted with the first of its kind
optical star projector seamlessly integrated with fulldome digital projection. While theater
design and technology integration were important aspects of the project, the staff faced more
“critical” challenges. Educating administrators and donors, balancing philosophy with
reality, and taking care of ourselves made the past eight years an exciting and exhausting
journey, bringing spectacular new stars to Nashville.

Nashville, Tennessee is known around the world as “Music
City,” the home of country music and the Grand Ole Opry. But
Nashville is actually home to many different kinds of music, a
wide variety of businesses, a surprisingly diverse population, and
a unique new planetarium.
The first Sudekum Planetarium began presenting star shows in
1952, the second in 1963, the third in 1974. In June 2008, while
the International Planetarium Society was meeting in Chicago, the
newest incarnation of the Sudekum Planetarium debuted with an
all-star lineup. For the first time in a large U.S. planetarium, an
optical-mechanical star projector and fulldome digital projection
were seamlessly integrated, using the best of both worlds to present
breathtaking immersive experiences.
This project launched in March 2002 and provided the
planetarium staff with a continuing series of challenges. From
educating administrators and donors to being domeless for 18
months, from evaluating equipment to utilizing state of the art
technology to build more personal connections with our visitors,
the past eight years have been an exciting and exhausting journey
to bring the universe to Nashville.
I could talk at great length about building design and
equipment selection. There’s lots of advice I can share about
technical specifications and exhibit development, but I won’t be
talking about any of those things. Instead, I want to share less
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tangible insights into how to, not just survive but to learn and grow
during the process.

Educate stakeholders

Build a strong foundation

Be sure to do your homework. Before laying a concrete
foundation, lay a foundation of research.
* Market research: who is your audience and what do they want?
What will bring people in and keep them coming back for
more? This means talking to people who will use and support
your facility.
* Campaign feasibility: who are potential supporters and what
do they think about the project? This type of study can reveal
potential obstacles to the project and help gauge timing and
fundraising goals.
* Select contractor early: to provide frequent cost estimates and
contribute to design. Contractor expertise can aid in budgeting
and value engineering.

Your development director may know how to raise money,
but the more she knows and understands about the building, the
exhibits, the equipment, and the capabilities, the more effective
she can be raising money. Educating others about such technical
things and taking the time to learn about their duties, processes,
and needs will make everyone more effective.

* Develop a REALISTIC budget. It is essential to know how
much things really cost: construction and building materials,
exhibit hardware and software, planetarium equipment, shows
and maintenance, etc.

Communication is one of the most important aspects of this
endeavor. Keeping good notes about meetings, revisions, opinions,
and more will help later on when you are trying to recall the
basis of decisions. Carefully explaining or justifying a particular
concept will help others understand the reasoning or logic and own
their decisions down the line.

Projects often announce too early and promise more than they
can deliver because the planners do not know how much things
really cost. Then, when fundraising comes up short, the new
facility does not meet public expectations or ever worse, is never
built. Good research in the beginning will pay off in the long term.

* Who are the stakeholders in the project: your institution
administration and board members, donors, architect, exhibit
designers, future audiences, the planetarium staff, and more.
* Knowledge is power and helps people make good decisions.
One consultant told me “It is not my job to tell you what to
do. By educating my clients about all aspects of their project,
they can be comfortable, make informed decisions, and ‘own’
the final result.”
* Don’t tell people what to do. Do you like it when people
tell you what to do? You, as planetarium director, may have
great expertise, but you won’t be doing everything yourself.
Sharing information and teaching others what to look for will
often result in better decision-making, fundraising, and short
and long-term success.
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Once the dome is demolished, there is no turning back. There
will also be much discussion about what the planetarium
staff does during construction. Some facilities will establish
a temporary dome on site or operate a portable dome. We
actually chose not to do either. Staff was more than fully
engaged in exhibit design, content writing, image acquisition,
and new planetarium matters. Administration also believed
that “absence makes the heart grow fonder”, and there was
advantage in building anticipation for the reopening of the
planetarium.

There will be stress

* Pick your battles. You win some battles. You will lose many
others. Thousands of choices will be made throughout the
life of the project. You will not always get your way. Other
people will bring good ideas to the table. You will need to
compromise and admit that someone else may have a better
solution than yours.
* Every recommendation or decision you make will affect the
future of the institution —long after you are gone. I have
heard it said more than once: many planetarium directors are
egotists with visions of grandeur who seek to build monuments
to themselves. It’s OK to have grandiose plans and be proud
of what you are doing, but remember whom you are building
for: the visitors, the mission, and the institution.
Do your homework

* Learn as much as you can—about everything. Admit it. You
do not know it all. The more you know, the more effective
you will be in all aspects of the project.

When we received the initial gift that allowed us to do research
for our project, I told my mother that night; I was worried about
how to pace myself over the long haul. In some ways, it was more
challenging than I ever imagined.
* Tearing down the old dome felt like tearing down my own
home. Even knowing that a new dome would be built in its
place, it was still an emotional time.
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* Be thorough and objective: every technology has pros and
cons, features you want and need, features you don’t want
or need, capabilities you didn’t know you wanted or needed.
Look at all the possible vendors at the time you are developing
your plans. Do not base opinions and choices on hearsay or
ancient history. An open mind is essential. I have seen some
people write such narrow specifications that only one vendor
can qualify. Maybe they got exactly what they wanted, but
they might have missed an opportunity to get something even
better than they considered.

* Don’t be afraid to ask hard questions. Carefully analyze the
answers you get. Doing so will not only provide valuable
information, but it will give you deeper insight into the
vendor. In most cases, your institution will have a long-term
relationship with that vendor. The quality of the equipment,
their people, how they do business, and less concrete measures
should play a role in important choices. You will also likely
be dependent on the vendor for many aspects of service.

your sword for that?” There were occasions when I had to
let a little thing go—such as ejection seats for unruly patrons.
There were some occasions when I fought tooth and nail for
a specific item. I did not win every challenge. Everything is
not exactly as I thought it should be. That does not make me
any less proud of what we accomplished.

You are part of a team

* You will have to work with many of these people after the
project is complete. Try not to burn bridges. If you strongly
disagree about something, that’s OK, but do it respectfully.
Do not make it or take it personally. See comments above
about stress, education, and compromise. “United we stand.
Divided we fall.”
Be patient

You have a vision. We all do. Very few people are in a position
to dictate every single thing that will happen as the project moves
forward. Even if someone draws the “big picture”, they will not be
able to fill in the myriad details required for successful completion.
* You are not building this by yourself. Everyone brings
different skills to the table. Utilize those human resources
to get more done: better, faster, and cheaper. Share and
distribute the workload. Learn from others. Learn to delegate
and accept that someone can get essentially the same result by
doing things differently from the way you would.

Rushing leads to mistakes. Anything worth doing is worth
doing right. Patience is a virtue. Take a deep breath and get ready
for a wild ride.

* Everyone has the same goal. No one I know wants to build
for failure.
* Everyone’s vision of the project and the final result will not
be identical. Administrators, exhibit designers, facilities staff,
and even planetarium directors will look at the project from
completely different perspectives.
* Everyone has a different focus. Each person’s focus or
expertise will be different, but with good communication from
beginning to end, you should all reach the same destination.
* Being flexible is a sign of strength. There is a classic story
about what kinds of trees survive strong winds. Willow trees
can bend and twist, even in gale force winds. A beautiful oak
tree, which can be tall, wide, and heavy, is inflexible when the
strongest winds blow. Not only may branches break off, but
the entire tree could be ripped completely out of the ground
and come crashing down.
Be prepared for compromise. As mentioned earlier, there
are lots of ways to accomplish the same result. One way to
measure the necessity of battle is “Are you willing to fall on

* These things take time. Back in 2002, our CEO asked if we
could open the new wing in 2005. That would have been in
three years. It took six. You should probably double your
initial estimate.
* Don’t announce too early. When an institution receives a gift
to start a project, they will often get an architectural rendering
and announce their plans within a matter of weeks or months.
Do your research and have realistic expectations and budgets
before announcing.
Many projects announce too early and promise more than
they can deliver because the planners do not know how much
things really cost. Then, when fundraising comes up short,
the new facility does not meet public expectations or ever
worse, is never built. Good research in the beginning will pay
off in the long term.
* Pick your battles. You win some. You will lose many more
than you win. I have already covered this, but it bears
repeating. Compromise, but also stand up for your principles,
content, and professionalism.
* You will either acquire grey hair or lose hair as a direct result
of this process. This one is self-explanatory. See stress above.
* Pace yourself. No one can work seven days a week at 110%
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capacity for years on end. You will suffer physically and
mentally, as will your personal and professional relationships.
There will be times to push as hard as possible. There will be
times to take it easy. Even in the home stretch leading up to
opening, take care of yourself.
Building a planetarium is a once in a lifetime experience

After all the advice you have read so far, this last bit needs
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little explanation.
* Remember, you are building for the future and not just yourself.
* Take lots of pictures and video.
* There is a difference between pride and ego.
* Have fun.
Keep in mind who you are building it for, the visitors who
will tell you how awesome the experience was or how much they
learned or those who will never thank you but who will be inspired
to pursue a career in science or maybe become the first person to
set foot on Mars (no pressure). They won’t know or care about the
disagreement over carpet color.
If you have any questions about embarking on a renovation
or expansion project, please do not hesitate to ask. If someone
can benefit from my experience and enjoy success down the road,
then everyone, especially public engagement, inspiration, and
education will benefit.
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A SOLAR SYSTEM SCALE MODEL IN THE EASTERN UNITED STATES
Kris McCall
Sudekum Planetarium
Adventure Science Center
800 Fort Negley Blvd.
Nashville, Tennessee 37203 USA
krismccall@adventurescience.com
Abstract: Planetariums, science centers, and schools have built solar system scale models
for years. After building a 28.8 km distance scale model in his hometown, 17-year old Jacob
Larsen set out to establish a solar system that spanned the eastern United States. With
NASA approval, the Sun was positioned at the Kennedy Space Center Visitor Complex in
Florida. After watching STS-128 launch in August 2009, Jacob visited planetariums along
the 2,193 km route that coincided with their respective distances from the Sun. Follow Jacob’s
adventures in completing this project, and find out which planetariums were selected to be
which planets.
Meet Jacob Larsen, a young man with big ideas.

Jacob A. Larsen’s interest in space began at an early age. His
10th birthday was celebrated at the Delta College Planetarium and
Learning Center in Bay City, Michigan, where this scale model’s
Pluto is located.

Jacob read countless books and watched hundreds of programs
about astronomy and space exploration. One program featured
astronomer Sheldon Schafer who created a fifty-mile long scale
model of the solar system in Peoria, Illinois, to illustrate for his
students the huge distances between the planets.
At age 13, Jacob decided he wanted to build a scale model of
the solar system in his own hometown, but soon decided the model
needed to be larger than that. The proposed model would start at a
nearby planetarium and end at a library—18 miles away!
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Jacob developed plans with the help of local astronomers. His
parents made him do all the math by hand. After a year of effort,
including attending government meetings, Jacob’s dream became
reality. After the ribbon was cut, Jacob was asked what his next
project might be. He replied, “A national solar system.”
To create this new scale model more than 1,300 miles long,
Jacob worked with NASA and planetariums in five states. Jacob
hopes this model will give people a better sense of the vast
distances between the planets in our solar system.

In 2009, when this model was completed, Jacob was 16 years
old and planning to be an astrophysicist.
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The Final Result
Jacob not only created a tremendous scale model of the solar
system, but he and his family visited all of the planets on their way
from watching a shuttle launch in August 2009.
For this distance scale model of the solar system, the Sun is
located at Kennedy Space Center next to the new Hubble exhibit
outside the IMAX theater. Jacob worked with and received
permission from NASA to locate his Sun poster at the Visitor
Complex.

Mercury is located at the Astronaut Memorial Planetarium at
Brevard Community College in Cocoa, Florida, 22 km/13 miles
from the Sun at Kennedy Space Center. According to Jacob there
were many interesting exhibits here including some old ones from
the Kennedy Space Center.
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characters that had him and his family laughing the whole time
they were there.

Venus is located at the Orlando Science Center in Orlando,
Florida, 40 km/25 miles from the Sun at Kennedy Space Center.
Jacob said there were activities for all ages at this science center.

Mars is located at the Daytona Beach Planetarium in the
Daytona Museum of Arts and Sciences in Daytona Beach, Florida,
85 km/53 miles from the Sun at Kennedy Space Center. One entire
wing of the Science Center was flooded in early 2009 and was
closed when Jacob visited. Disappointingly, this included the
planetarium.

Earth is located at the Seminole Community College
Planetarium in Sanford, Florida, 56 km/35 miles from the Sun
at Kennedy Space Center. According to Jacob, these were real
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Jupiter is located at the Kika Silva Pla Planetarium at Santa
Fe College in Gainesville, Florida, just 291 km/108 miles from the
Sun at Kennedy Space Center. Several facilities had the chance to
be Jupiter, but Gainesville was the only one to respond.

Uranus is located outside the Sudekum Planetarium at the
Adventure Science Center in Nashville, Tennessee, 1,077 km/669
miles from the Sun at Kennedy Space Center. Someone had to be
the seventh planet. Why not us? I already had the hat because I
attended a costume party impersonating the seventh planet. We
usually refer to it as the seventh planet when talking to middle
school students just to avoid the jokes.

Saturn is located at the Mark Smith Planetarium at the Macon
Museum of Arts and Sciences in Macon, Georgia, at a distance of
538 km/334 miles from the Sun at Kennedy Space Center. Not
only did Jacob appear on local television talking about the scale
model project, he was also there on luau day and had lots of fun.

Neptune is located at the Ritter Planetarium at the University
of Toledo in Toledo, Ohio, 1,680 km/1,044 miles from the Sun
at Kennedy Space Center. Here, Jacob saw a beautiful refracting
telescope and toured the science department of the university.

50

What does the future hold for Jacob?
Jacob plans on studying Astronomy and Astrophysics. He
also wants to build a scale model solar system from coast to coast
across the United States. The Sun would be located in California.
Pluto would be located in New York—at the Hayden Planetarium.
I don’t think he has consulted with Neil DeGrasse-Tyson about
this yet.
Editor’s note: Jacob is now an undergraduate student at the
University of Toledo.

Pluto, whether you think it is a planet or not, is located at the
Delta College Planetarium in Bay City, Michigan, 2,193 km/1,363
miles from the Sun at Kennedy Space Center.
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OBJECT-BASED AUDIO PRODUCTION FOR PLANETARIUM: A NEW TOOL SET FOR CONTENT
EXCHANGE
Frank Melchior
Judy Bärwolf
IOSONO
Erich-Kaestner-Str. 1
99094 Erfurt
GERMANY
frank.melchior@iosono-sound.com
judy.barwolf@iosono-sound.com
Abstract: Spatial audio based on perceptually optimized Wave Field Synthesis (WFS) can be
a perfect complement to full dome picture technology. Using WFS, it is possible to focus sound
sources inside the audience area. The sweet spot limitation of traditional multichannel audio
no longer applies. On the production side, a complete new tool set is available for sound
designers and mixers. Object-based audio post-production tools enable content creation
independent from the reproduction setup. This paper describes the unique properties for
planetaria from audio production to content distribution and exchange. This paper also
addresses the challenge of content exchange between different venues and audio systems.
[This paper is based on the article “Wave Field Synthesis and Object-Based Mixing for Motion
Picture Sound” by Frank Melchior in the SMPTE Motion Imaging Journal, April 2010.]
• There is no stable source position, beside three loudspeaker
locations behind the screen. Virtual sound sources cannot
be placed in the auditorium.

Introduction
Fulldome projections are state-of-the-art video technologies
at planetaria. In audio there are a number of different setups in the
horizontal layer and for the dome. Often 5.1 loudspeaker setups
are used, where the positions of the speakers are adapted to the
individual characteristics of the planetarium. In the last years
there was an ongoing discussion for a standardization of fulldome
formats in video. But the channel-based approach of discussed
audio formats makes it necessary that the original digital “stem”
tracks and project files must be available for re-mixing or encoding
for individual venues. These facts generate some problems for
creating and distributing content for planetaria and did not solve
the underlying key challenges/problems:

Using a large number of speakers that surround the auditorium,
Wave Field Synthesis technology recreates a plausible perceptual
sound ﬁeld without the earlier described limitations. Furthermore,
the representation of audio content is no longer based on the
concept of audio channels that correspond to speciﬁc loudspeaker
locations. Instead, a scene description is used, consisting of
audio objects with a various properties such as location, volume,
size, and the audio signal itself. The scene will then be rendered
taking into account the actual sound reproduction system and the
distribution of the speakers in real-time at the given planetarium.

• The best spatial sound quality is limited to a small sweet spot
in the center of the audience area.
• To achieve an exact reproduction, the speakers must be
placed in exactly the same positions as during the mixing
process. Only limited adaptations to the actual reproduction
environment are possible because the channel-based sound
recording. This limits the ability of content exchange
between different venues.
• Multichannel system are originally designed with different
quality between screen channels and surround channels;
this is not optimal in planetarium installation.
• No true 360° panning is available.

Wave Field Synthesis
At its core, Wave Field Synthesis is based on the HuygensFresnel principle. [This states that every unobstructed point
on a wavefront acts, at a given instant, as a source of outgoing
secondary spherical waves. The resulting net wave amplitude at
any position in the scattered wave field is the vector sum of the
amplitudes of all the individual waves.]. After early publications
in the 1950s by Snow2, the Delft University of Technology
applied the principle of Huygens to sound reproduction by using
arrays of closely spaced speakers in order to physically recreate
an acoustic field consisting of so called virtual sound sources pure
analytical. The scientific work in the early 1990s concentrated
in an international consortium3 further developed the basic
technology close to an application stage4. This work led to a
good understanding of the underlying principles.5 In addition
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to the basic idea of sound ﬁeld reconstruction, further research
has brought WFS to the point where reproduction of an auditory
scene for a large audience is now possible. This was achieved
by integrating psychoacoustic knowledge into a pure physical
approach of sound ﬁeld reconstruction. As a result WFS Systems
can be realized with a variety of speaker density depending on
the desired spatial quality. By that, the range between arrays with
very closely spaced speakers and a five channel surround system
can be adapted to the individual needs.

• Focused Sources that are point sources within the loudspeaker
array.
More source types are currently under development and will
enhance the creative possibilities of such systems in the future.
With these three different types of sound sources, complex audio
scenes can be formed. Creatives can use the new potential of WFS
to bring the sound experience for the listener to a new dimension.
In contrast to current surround 5.1 multichannel sound systems, a
WFS system has the following properties:

There were still challenges with the practical implementation
of such a system in terms of perceptual optimization and sound
quality. The focus of current developments is on state-of-the-art
in sound quality and bringing spatial quality and sound design
possibilities to a new level.

• Good (spatial) sound experience for a large audience area.
• True 360° panning.
• Stable source position if desired.
• Stable source direction if desired.
• Focus sources inside the auditorium.
• Optimal adaptation to reproduction venues through objectbased spatial high-resolution masters.
Based on these properties, a system can be designed to take
care of today’s dome technology and needs for content exchange.

Figure 1. Illustration of different source types in current WFS
systems. The perceived direction is shown for 2 listeners. A
point source is perceived with a constant position in the complete
audience area. A plane wave is perceived with a constant
direction over the listening area. A focus source, located inside
the listening area, is perceived as a point source for listeners in
the upper half of the audience area.

Figure 2. Block-diagram of the object-based production.
Object-Based Audio Post-Production
Since the number of speaker channels depends on the size of
the individual WFS installation and can be very high, mixing for a
WFS system has to be independent from the number of loudspeaker
channels used to reproduce the mix. Therefore, object-based
mixing is used for WFS content generation.6,7 In an object-based
production, each audio source is treated as a separate audio object
with associated properties such as position and source type, to
mention only a few. The basic architecture of such an object-based
mixing tool is described in the following section. The architecture
and the basic building blocks of an object oriented mixing process
are depicted in Figure 2. The general system design is based on a
stratiﬁed approach for sound spatialization.8

From the point of view of the sound designer, most of today’s
WFS systems provide three distinct types of sound sources, as
illustrated in Figure 1:
• Point Sources that are placed outside the array of
loudspeakers, and are perceived by all listeners to originate
from the same location.
• Plane Waves that can be interpreted as point sources having
an inﬁnite distance from the listener. The result is a constant
direction for all listeners.
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For a better technical understanding in this section the post
production process is divided into spatial authoring and audio
authoring. From a user point of view this separation does not
hold because of strong interaction between the spatial layout of an
auditory scene and the properties of the underlying audio signals.
Audio Authoring
The audio authoring part provides all commonly known
audio editing and arranging functionalities, which are part of
modern digital audio workstations. The audio scenes consist of
a multitude of single audio clips or audio tracks, which involve
speciﬁc automation data. Within audio post-production the audio
authoring is often split into the sound editing and mixing process.

Spatial Authoring
Spatial authoring enhances the audio data with additional
spatial properties deﬁned as sound sources. A sound source
consists of the audio data from the audio authoring and the spatial
properties from the spatial authoring tool. The spatial authoring
module also provides functionalities to ease the spatial mixing
process:
• Visualization of the sound source position.
• Automation and editing of spatial motion paths.
• Spatial audio effects based on source properties.
The visualization of the sound source positions allows the user
to get an overview of the entire scene.
The spatial authoring provides functionality to individually
record/playback and edit spatial motion paths for each sound
source. The timing of motion lines is easily editable to synchronize
it with the corresponding audio material. To create complex
audio scenes, spatial authoring enables the building of complex
hierarchies of sound sources by grouping of sound sources.

Figure 3. Screenshot of the spatial audio workstation. The three
main areas of the user interfaces are shown.

Figure 4. Detailed view of the stage view in the Spatial Audio
Workstation.
Integration into the Current Workflow
The functionality described in the previous sections is
integrated into the IOSONO Spatial Audio Workstation. The
Spatial Audio Workstation is currently available as a core plug-in
in for the Steinberg NUENDO Digital Audio Workstation (DAW).
Figure 3 shows a screenshot of the Spatial Audio Workstation.
The three main areas of the user interface are shown. Figure 4
shows the stage view in detail. Several audio and group objects
can be seen. Beside this the audience area and the screen are
added. In this way a spatial orientation is possible without specific
loudspeaker locations. The rendering algorithm takes care of the
scene scaling on the reproduction side. This takes into account
the real speaker position, as well as the audience area and the
screen, thus guaranteeing the coherence of image and sound on
the screen and the distribution of sources inside and outside the
audience area regardless of venue. During the mixing process,
the mixer can prepare the sound clips with the DAW or use it to
record the ﬁnal object-based master, utilizing a common mixing
environment for all audio processing. During the post-production
process, several outputs can be generated as indicated in Figure 2.
The most ﬂexible output of the Spatial Audio Workstation is an
audio scene ﬁle, which can be used for a variety of applications.
It can be reproduced directly with a WFS system, or it can be
distributed and rendered at a WFS equipped theater.9 The objectoriented mixing approach can also be used for the generation of
many varieties of speaker/channel-based surround formats such
as 5.1, or even stereo mixes. In the case of multichannel formats,
the rendering can be performed directly in the SAW. Even in case
of 5.1 production, this opens a future-proof mastering capability
because any future format can be rendered directly out of the
object-based scene description without up-mixing. An objectbased scene description produced by a Spatial Audio Workstation
is a high-deﬁnition (HD) spatial master. In this context it is
important to notice that the rendering is always performed in realtime. As a result, all formats can be monitored in real-time during
production.
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The important difference is the calculation of the speaker signals
through the rendering process on the reproduction venue. In a
discrete multichannel system, the rendering is simply performed
by panning the audio signal to the desired speaker.

Figure 5. Block diagram of a object-based reproduction system.

Figure 7. Loudspeaker setup for the WFS full-dome system at
World Expo 2008 in Zaragoza, Spain.
Figure 6. Comparison between channel-based reproduction and
object-based reproduction.
Conclusion

Architecture of Reproduction Systems

Wave Field Synthesis and object-based production offer new
dimensions of sound for planetariums. The creative potential
allows mixers to create a more intense and immersive sound
experience. Object-based production guarantees future-proof
mastering of auditory scene data without the limitation of speciﬁc
reproduction systems. Although an object-based description is
required for WFS sound tracks, current and future multichannel
setups can beneﬁt from the universal high spatial resolution storage
of auditory scenes. The complete production and distribution chain
for the use of WFS in the planetarium environment is available.
Wave Field Synthesis can be the perfect audio companion for 3D
dome projection.

The audio scene is stored on the processing core and will
be played out to the desired number of speakers. Optionally a
processing cluster can be used if a very large amount of speaker is
required. The content is synchronized to the picture using a time
code interface.
The WFS renderer analyzes the audio scene and generates
the signal for each individual speaker of the reproduction system
(Figure 7 shows a typical reproduction system). For the calculation
of the individual signals the parameters of each individual speaker
(e.g. the exact position) and the acoustics of the room are included.
Afterward the signals are distributed to the individually driven
speaker array and single speaker in the dome. A comparison to
the common channel- based structure can be found in Figure 6.
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POPULARIZING SCIENCE THROUGH ASTRONOMY: AN ALGERIAN EXPERIENCE
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Abstract: Amateur Astronomy is certainly a strong ally to the ongoing efforts to spread
scientific culture among the general public. It combines the various sciences from the
physical ones to Earth sciences to sciences of the living (astrobiology, space medicine…),
while being entertaining. It is popular science at its best. We also discuss, in the context
of Algeria and through the example of a successful astronomy association, how it
outreached various segments of the population.
Post Independence Astronomy in Algeria at Independence
time
The Legacy of the Bouzaréah Observatory (1)
The Algerian independence in 1962 was followed by
a massive exodus of the French settlers, and among them
the astronomers working at the Bouzaréah observatory near
Algiers, none of them of Algerian extraction. The observatory
situated at a modest altitude facing the bay of Algiers was the
second historical observatory in Africa after the one at Cape
Town, and it has participated in the international “Carte du
Ciel” project at the end of the nineteenth century. That not a
single Algerian astronomer could be trained during a century
of the Observatory’s existence is no doubt an indictment of
the French presence in Algeria.

Figure 1: The Bouzaréah Observatory at Algiers. It is the
second oldest observatory in Africa.

Astronomy survived throughout the sixties till the
eighties at a modest level and some research work was carried
out by visiting scientists mainly from France and Egypt.
Furthermore, an Astronomy course (Certificat d’astronomie)
was still taught at the physics department of the Algiers
University in the sixties.

What notoriously contributed to its low key existence
was its adjunction to a larger structure pompously called the
CRAAG (Centre de Recherche en Astronomy Astrophysique
et Géophysique) attached to the Interior Ministry for which
earthly things are more important than the celestial ones,
in view of the important seismic activity in Algeria. The
problem was not only that it was mostly a geophysics center,
but that its lack of direct link with the academic world which
was unhealthy by itself (weak output, no peer review…)
pushed it further in the limb of marginality.
Astronomy in the nineties (2)
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A development worth mentioning was the flourishing
of astronomy at Emir Abdelkader University of Islamic
Sciences at Constantine in the late eighties through the
teaching of astronomy as a yearly compulsory course to all
the first year students, a unique such course taught in Algeria.
This teaching gave to thousands of theology and law students
through its five years of existence some background in
Astronomy and its applications in Islamic jurisprudence. A
project of a large planetarium associated with the University
regional vocation reached an advanced stage of planning.
This led to the ambitious idea of setting up an institute of

astronomical sciences brought forth by the University vice
president, a nuclear physics graduate from MIT, and which
was to make use of a handful of astrophysicists which were
just coming back from abroad.

Let us mention few examples of Sirius successful
activities in the past few years.

The project was unfortunately the casualty of political
strife but the idea was not lost as N. Zettilli became President
of Blida University where he initiated in the early nineties
a similar graduate program in astrophysics. Yet, the harsh
realities of the Algerian political scene at that time put an end
to this ambitious venture, which stopped after the graduation
of the first promotion of students at the master level. Two
of the Faculty members tragically lost their lives and the
remaining ones migrated to Gulf universities. This brain
drain affected also seriously the CRAAG, which lost several
newly recruited astrophysicists.
The Role of Sirius

Figure 3: Some of the grass-root activities of Sirius: At left
with the scouts teaching them star hopping, at right lecturing
at a University student residency
Figure 2: The Sirius Astronomy Association

The yearly National Festivals in Popular Astronomy

The Sirius Astronomy Association (3) is one of the
Algerian amateur astronomy associations, but with a special
slant. It has become throughout its 12 years of activities a
reference in Algeria and beyond to what amateur astronomy
even with little means can bring to the people. It is dedicated
to bringing astronomy to the public and in spreading scientific
culture through it.

Sirius has organized every year since 2002 a National
Fair in Popular Astronomy which brings together the most
active amateur astronomy associations around the country
as well as well-known astronomy associations from abroad
like the Société Astronomique de France, the Jordanian
Astronomical Society, the Association Jeunes Science from
Tunis, Astronomers Without Borders from the US, … It has
become throughout the years the focal point of the dynamical
amateur astronomy community in Algeria and a much sought
rendezvous that no amateur would like to miss. In addition,
and crucial to our story, it brings together most of what
the professional astronomy community has of members as
lecturers.

Its activities comprise:
- In house training for its 60 strong members
- Lecturing at various institutions including High Schools,
cultural centers, scouts associations, universities…
- Organizing public astronomy fairs and exhibitions
- Running a successful a weekly radio program
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watching the eclipse on TV instead of “risking their sight”
outside. All the official sites and in particular the one from
the Bouzaréah observatory near Algiers were fully cloudy
on that morning. Were it not for the Batna’s viewing site
where we invited the national TV to cover the event, those
millions of kids would have been very frustrated that what
was supposed to be a great day turned out to be naught!

Figure 4: The National Fair in Popular Astronomy
Activities involve, in addition to the Fair itself, lectures,
workshops, observation nights…
The 5 October 2005 Annular Eclipse from Batna:
Saving the Day for Millions of School Kids (www.
siriusalgeria.net/eclipse2005/index.htm)
Organizing a public event to observe some astronomical
phenomenon is a “gageure” for anybody who has tried it.
Planning it for a whole city is an order of magnitude more
challenging. You need dedicated volunteers to stand with
them, watch over the equipment, and readily explain things,
all while the phenomenon is unfolding. Where are you going
to get this help? Not from the amateurs who are busy first
and foremost in “saving the phenomenon”!

Figure 6: Sharing with the people
A Treasure Map
A exquisite large size map was prepared by our
Association in coordination with the “Institut National
de Cartographie” at Algiers and the CRAAG. It may be a
world premiere that such a dual astronomical-geographical
map was so produced by an amateur association! It includes
also a handy, yet rather detailed, description of the eclipse
phenomena.

This is though just what we did for the October 3, 2005
annular eclipse for which the band of centrality went through
Algeria after having darkened a strip of Spain.

Figure 5: “Envahissement de terrain” at the Seffouhi
municipal stadium at Batna for the October 5, 2005 eclipse.
The eclipse’s unfolding was broadcasted from there non-stop
on national T, as other parts of Algeria were cloudy.
Our Astronomical Association “created the news” by
sighting the 5 Oct. Annular Eclipse from the city of Batna
in Eastern Algeria, along with a dozen other astronomy
associations that we invited there for the sighting.
But there was more drama to the action! Since it was the
only region along the path of the eclipse that was cloudless,
the National Algerian TV (the only existing one) covered
online from Batna for close to three hours, instead of the
expected few minutes! It was seen by some 12 millions
viewers, especially youngsters, since the day of the eclipse
was declared a holiday, so that pupils would stay at home

Figure 7: The “Treasure “ dual use map.
This dual use geographical map “Special Eclipse” of
rather large size (100cmx80cm) was distributed freely at
hundreds of schools, cultural institutions, and mosques
throughout the country. This is why it was chosen to be in
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Arabic, as it is the language readily understood by the young
people in Algeria. It was also available at a subsided price
for the general public. The CRAAG who participated also
in some aspects of its conception, generously paid for the
printing.

(Middle Schools and High Schools and scout sections) were
involved in the Starshine 2 and Starshine 3 satellite programs,
two school satellites launched by the Space Shuttle. We held
two workshops with the teachers and the students to explain
the procedure of polishing mirrors to a high level of accuracy
so as to be mounted on those school satellites. In addition
to the polishing part, the project consisted of observing the
satellites at dusk by the naked eye and charting their decay
rate, monitoring in an indirect way the insolation’s role in
expanding the Earth atmosphere. See www.siriusalgeria.net/
starshinep.htm.

As for the eclipse flyer that Sirius conceived, some
20,000 were printed and distributed nationwide. It contains
vital data about the eclipse, the times of passage, as well as
the caution to take when observing it. This, we believe, is
public service at its best!
A 10-year Experience in Amateur Broadcasting Science on
Local Radio:
The Science Club Radio Show
(www.siriusalgeria.net/radio.htm)

Starshine 4 & 5 could unfortunately not be launched
after the Challenger catastrophe and the program was
stopped. Yet, tens of Algerian students benefited from this
unique experience through which was placed the product of
their hands in space, before even the launching in 2004 of
Alsat1, the first Algerian satellite.

Conceiving and managing a broadcasting program
on Science over the local radio for more than 10 years is
certainly a feast than any astronomy amateur astronomy
would be proud of.

Figure 8: The Science radio Club show
This program manned by Sirius members through and
through, called the Science Club, has produced till now some
250 half an hour long radio shows which are heard over much
of Eastern Algeria.
It brings weekly breaking scientific news and live
interviews with leading personalities from art and science.
It is certainly a unique experience in the amateur world, at
least in Third World countries, steadily going on for more
than 10 years.
Topics range from simple astronomy concepts expounded
in simple terms, to the latest fancy in cosmology, to other
scientific areas like geology, medical sciences, including at
times some social and cultural issues, dealt from a unique
perspective.
Starshine: How Algerian Schools reached space
It was truly making space shine for Algerian students.
Under Sirius’ supervision, some 50 educational institutions
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the Sirius credibility is that the Ministry of Religious Affairs
in Algeria has come to take into consideration the Sirius press
communiqué on the astronomical sighting possibility before
making the announcement of the start and end of the fasting
month of Ramadhan, a rather unique situation in the Muslim
world.
More Amateur astronomy ventures with Sirius could be
found on the site of the Association at www.siriusalgeria.net.
Conclusions
We have discussed in the context of Algeria and through
the example of a successful astronomy association, namely
the Sirius Astronomy Association, how it reached out to
various segments of the population, building up interest
in science. The celebration of the International Year of
Astronomy 2009 has added more momentum for the budding
development of the astrophysical and lead to its blossoming.
Figure 9: The Starshine Experience: Skillful Hands & Space
Adventure
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Figure 10: On the way to Jalu, Libya
Crescent sighting and astronomical predictions
Sirius has spearheaded throughout the last decade
the nationwide efforts to take seriously the astronomical
predictions for the sighting possibility of the Ramadan crescent
through a vigorous media campaign (www.siriusalgeria.net/
ramadhan.htm). A recurrent problem in Muslim countries
is indeed claims of crescent sighting while the Moon is
deemed invisible by astronomical criteria. A testimony of
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Abstract: The mysteries of the sky and the universe fascinate humans worldwide since
the beginning of the first civilizations. Indeed, people have always tried to explore their
environment and explain the physical processes using rational more or less patterns. The
result of this human activity is the wealth of contemporary Science and Technology. Now,
people have the necessary tools not only to investigate thoroughly the Nature, but also to rule
it by some means. On the other hand, there is a common belief that scientists perform their
research far away from social issues and conditions. Thus, one of the major concerns of
modern scientific community is to involve the layman public in its achievements. For this
purpose, scientists are looking forward to a carrier in order to approach the general public
and especially young children. The Antikythera Mechanism, the oldest known sophisticated
astronomical device has been successfully used as an attractor of people to Science and
Technology.
Introduction
The Antikythera Mechanism was salvaged in a 1st century
B.C. ancient shipwreck in 1900-2 through sponge diving operations
near the small Greek island of Antikythera. Although the device
was well-oxidized, its fragments have many secrets to unlock.
The extensive investigation of the mechanism’s remnants recently
revealed its complicated functions and astronomical knowledge
embedded. The instrument is now exhibited in the National
Archaeological Museum of Athens.

lectures, publications and simulations of the operation of this
device and the Science embedded.
In Table 1 below, a list of our worldwide collaborations
concerning the Mechanism is depicted during the past 4 years.
Table 1: The outreach potential of the Antikythera Mechanism.

However, the need of approaching the public by using
alternative procedures instead of the traditional ones, unveils
once again the interdisciplinary value of this unique ancient
item. The Mechanism stands for the perfect link among multiple
scientific domains including Science, Mathematics, Astronomy,
Philosophy, Geography, and even Literature and Linguistics.

Country

Number of Participants

Greece

25,640

USA

500,000

Without doubt, having the Antikythera Mechanism as an
educational tool, both scientists and teachers could easily capture
the interest of their audience and improve the impact of their
lectures. The outreach performances related to the Mechanism
contain a bunch of interactive and hands-on activities.

Algeria

6,050

Egypt

2,300

France

1,000

Outreach potential of the Antikythera Mechanism

Poland

14,350

Slovakia

351

Sweden

10,000

The primary role of Antikythera Mechanism was for
astronomical observations, as it was designed to compute
accurately the position of the Sun, the position and the phases
of the Moon and to predict the solar and moon eclipses. A more
detailed description of the scientific importance of this device for
its era can be found in the paper of Moussas et al. in this volume.
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Abstract: During the last two years large efforts have been made to build an intimate
collaboration with the local education authority after the recent Danish municipal reform—
without losing independence and with focus on the national curriculum. The outcome has
been of great benefit for both the local authorities and our planetarium. The visions, goals,
inhibiting factors and results of this project will be presented.
Introduction

Grade 8-9:
• know the Earth’s and Moon’s movements and some of the effects,
that can be observed from Earth, including seasons, tides and
eclipses.

In 2007 a structural reform of the Danish municipalities was
introduced. Most local governments were merged into larger units.
In our area four small municipalities formed a new municipality
(Vejen) with a population of approximately 50,000 people and 21
small and larger public schools. We have used this fact as a “lever”
to make a stronger interaction with the local school authorities,
which have become more powerful after the merger. The overall
objective was to make local teachers see the planetarium as an
integrated part of their teaching facilities and increase the use of
the planetarium (i.e., more visitors).

• explain the use of models and simulations as part of the
description of phenomena and relations including the Solar
system, the starry sky and half-lives
• know the present idea of the structure of the Solar System.
• know some past and the present ideas of the structure and
evolution of the Universe.

Background

• describe how the need of technology has promoted development
in practical and theoretical knowledge, including space science
and enzymes.

There is a longstanding tradition for extensive use of the Orion
Planetarium by both schools in the local area and schools farther
away within a one-hour bus drive radius. But this sometimes
happens in a haphazardly way and we have also noticed schools
within a short distance that never visit the planetarium.

• describe how mankind at different times have tried to explain its
place in the Universe.

Around 10 years ago the first Danish national curriculum was
introduced. For astronomy and space science the newest edition
includes the following topics (my translation):

This is a big mouthful and although the common goals have been
around for a decade now many teachers are still hesitant to use
them as a baseline for their teaching and reluctant to use informal
learning (i.e., planetaria) in fulfilling these requirements.

Grade 2:
• tell about seasons, Sun and Moon and changes of the length of
day and night.

Progress
On the basis of the above we have initiated a project in
collaboration with the school authorities in Vejen municipality
aiming at a more systematic and extended use of the Orion
Planetarium of the 21 local schools. The first initiative was taken
by a local headmaster and myself in a project that was approved by
the school department. The vision of this project was to increase
the awareness of the possibilities at the planetarium and to
develop new teaching concepts, which include field trips to Orion
Planetarium. The goals were:

Grade 4:
• know the movement of the Moon around the Earth and the Earth’s
movement around the Sun and relate this with med experienced
phenomena from daily live, a.o. the length of the year and the
day, seasons and the phases of the Moon.
Grade 6:
• describe the overall structure of the Solar System.
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Strengthening of science in the school
Focus on astronomy

Larger knowledge of Orion Planetarium fulfilling the national
curriculum
 Relocating the class room
 Untraditional teaching
 Practical and theoretical teaching
 Develop structured teaching projects
 Ready to use by all schools in the area
Equip the teachers to the task
In the first phase an analysis was carried out on how the goals
can be met and among other things some inhibiting factors were
identified:











Results
The three types of 4-hour field trips, which are offered to all
local schools for free are structured as follows:
3rd grade

5th grade

8th grade

Reception and introduction to exhibition
Live show: Sun, Moon and planets

Live show: the live
and death of stars

Break

Too short duration of field trips
Expensive transportation
Lack of knowledge of the planetarium
Teachers are uncomfortable with astronomy as subject
Lack of teaching projects that include use of the planetarium
Difficulties of meeting national curriculum
Many teachers are insecure with astronomy
Astronomy is hard to make visible

Work shop: Build a
telescope

Work
shop:
Build a sun dial

Work shop: make a
planisphere

Lunch
Pre-recorded show: Blown Away / Two Small Pieces of Glass
To make the teachers more secure in working with astronomy
and using the planetarium we offer the following options:

We have tried to eliminate some of these problems. In the
future, schools will still be able pick and choose among the offers
in school service at the Orion Planetarium, i.e., different shows
(live and pre-recorded), the planet trail, small exhibition area
and work shops, but we have also developed structured 4-hour
field trips for 3rd, 5th and 8th grade, that are closely linked to the
curriculum. It has also been discussed how teachers can get more
information about the planetarium and be more willing to teach
astronomy.



An optional introductory meeting (2 hours) for teachers that
provides information on the teacher’s role before, during, and
after the field trips.
A local course for science teachers (2 x 3 hours at the Orion
Planetarium) with the requirements in the national curriculum
as basis. Various longer courses in collaboration with the
university colleges in the region.

During the project all ideas were presented and discussed
multiple times with all headmasters and some politicians in the
municipality for information and evaluation.

In 2009 a comprehensive report on the Orion Planetarium and
its role the local area was written by the school department and the
planetarium in unison. This report will form the basis for further
collaboration and hopefully also a larger economic involvement
by the municipality.
Recommendations
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See the local schools and authorities as colleagues – not as
customers
Learn to speak their “language”
Maintain your independence and authenticity
Keep and “radiate” a high scientific level

ISLANDS OF STARS
Loris Ramponi
Centro Studi e Ricerche Serafino Zani
via Bosca 24, C.P. 104
I 25066 Lumezzane (Brescia), ITALY
megrez58@gmail.com
Susan Reynolds Button
Quarks to Clusters
8793 Horseshoe Lane
Chittenango, NY 13037
sbuttonq2c@twcny.rr.com

Abstract: This paper is devoted to “Math Family Stories” that Loris Ramponi wrote
to convey scientific facts to Italian students in an enjoyable way. The drawings of the
characters are by Erika Cunja, an illustrator who has collaborated with Serifino Zani
Study and research Center for many years. These stories can be used not only for
traditional children’s publications, storybooks, but also for shows under planetarium
domes. Currently these stories are also used for science workshops with children.
This initiative was recently expanded to include translating the stories into English
language versions.
From the beginning of time, civilizations created stories to
transmit astronomical information and cultural imperatives. We
can use this same technique to educate, entertain, and inspire our
audiences. Loris prepared one short story for each of several
celestial objects and phenomena that are visible with the naked
eye. For example, when characters in the story see the Milky Way
or a Lunar eclipse for the first time. The list of these celestial
objects can be found at:

Short description of “Math Family Stories” and introduction
to some of the characters
Max Math is an American journalist and a science teacher. In Italy,
Max is called Massimo, which is a male name, which means “the
greatest.”

http://www.astrofilibresciani.it/Attivita/Attivita_Scuole/Oggetti_
Occhio_Nudo/Oggetti_Occhio_Nudo.htm
As Loris tells these stories during his astronomical activities in
the schools, sometimes he uses a technique called “Magic Walls”
where a STARLAB projector and a slide or video projector are
used in a classroom without the dome.
At the end of the class students are encouraged to draw original
pictures depicting what they imagined and learned. Examples of
the student’s pictures can be seen at:
http://www.astrofilibresciani.it/Attivita/Attivita_Scuole/Le_
storie_di_gemma.htm
We think the idea of a character like Max, born in the USA but
now living in Italy, could be well developed using our Italian and
American perspectives. Therefore, we are collaborating to write
the English language stories together. The initial translation will
be provided by Loris and by working together we will change and/
or correct the English and the story line.

During a trip to Italy Max met an elementary school teacher
named Celeste. The name of this woman is the same as Galileo
Galilei’s daughter’s name and in Italian the name means “celestial”
or “heavenly.” She works with the local planetarium to prepare
new shows for children.
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All the family members live together in Italy. Gemma has
three friends:
Celeste’s father, Arturo, is a retired librarian who is interested
in many facts concerning science, including astronomy.

Aurora, Andrea, and Michela.

Her mother, Flora, worked in the library with Arturo and she
was primarily interested in plants and flowers. Her name means
“plants” in Italian, of course!

Michele Wistisen, the winner of the 2010 “American in Italy
contest”, presented the first English story to Italian 13 and 14 year
old students. In this way students were given a chance to learn
scientific facts and to practice using a foreign language at the same
time.
Max and Celeste decided to marry and they had a daughter,
named Gemma, after the brightest star of the “Corona Borealis”
constellation. Her grandfather suggested this name, to follow
a tradition, because Arturo is the brightest star of the “Bootes”
constellation and is located very close to Gemma.

Several weeks before the lesson the students who participate
in the activity received the English text of “Islands of Stars”. In
this way they could learn the English words used in the story. To
further facilitate their understanding, the English text was projected
on a screen during the actual lesson.
The Lesson
1. The short description of “Math Family Stories” and an
introduction to the characters was presented to the students in
Italian.
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2. The story was read, by Michele (in English), and Loris provided
the Italian translation as needed.
3. After the story students were invited to participate in an
astronomical game: pages that contain questions were posted
around the room. Students were invited to go around the room
to read the papers and then answer the questions on their own
pieces of paper. After their papers were turned in prizes were
awarded to the students with the most correct answers.

he ran inside the tower and up the stairs to reach the top. He
didn’t imagine that someone was on the tower! After the last stair
he stopped abruptly with his mouth wide open, surprised by the
presence of a girl. He was speechless!
Blanca approach him and said, “Hi, I’m Blanca, I’m very
happy to meet you.”
Leo gulped and said, “I’m happy too”.

The Story “Islands of Stars”

“You didn’t tell me your name!” said Blanca.

On Gemma’s 10th birthday her mother prepared a very special
gift. She invited all of Gemma’s family and the friends to go to
the Planetarium for a special presentation of a new show called
“Islands of Stars”. This show was designed for high school
students who study English but it was changed a bit for Gemma’s
birthday celebration; because the children were younger, it was
translated into Italian and had a very special ending. Here is the
story…

“I’m sorry, you are right, I’m Leo,” he stammered.

Leo, a young boy, made his first journey far from his home, at
the age of 11. He and his mother traveled to the coast by train and
then, with a motorboat, arrived at a small isolated island. He had
never before seen the sea and was excited to spend a holiday on
an island in the vast ocean. When they reached their destination
he noticed that from this land, surrounded by salt water, it was
possible to see the coast.
During the first two days of his vacation Leo explored the
island; he discovered the homes and gardens around their cottage
and even the entire shape of the small island. He could walk all the
way around the island on its single road in just 45 minutes! People
on the island traveled only on foot, bicycle, or motorcycle. The
island was often covered by clouds; two or three times each day
there were short rain showers. Leo discovered that on the far side
of the island he could see only waves, clouds, and the sky. He felt
that he was alone on the island.
On the third day Leo went to a panoramic point of the
island where a small tower had been built long ago. Leo was at
the bottom of the tower imagining that he was shipwrecked and
stranded on the island. He pretended he was waiting to be picked
up by another passing ship. He took out a piece of chalk and wrote
on a nearby big rock. He wanted to keep track of how many days
passed as he was stranded on the island so he drew one vertical line
for each 24 hours.
He never suspected that there was someone watching him
while he lived his fantasy! Blanca, a girl of the same age, was at
the top of the tower looking down! She saw Leo but wanted to stay
hidden and to see what he was doing. She thought she saw him
write something and waited until he left for home. Then Blanca
came down from the tower and looked at the rock to discover what
secret words Leo had written. But Blanca found only vertical lines
and didn’t understand the meaning of them.
The following day Blanca went to the tower early so that she
would be sure to arrive before the boy. Leo arrived at ten in the
morning and wrote another vertical line on the rock. Suddenly

“It is a beautiful name,” replied Blanca.
“I like your name too,” said Leo. His face became as red as
the sun at sunset.
Blanca try to hold back a smile. “What are the lines that you
wrote on the rock?” asked Blanca.
“I marked a line for each day of my stay on the island. It’s a
game. I imagine I am a person who is shipwrecked,” replied Leo.
“I read a story in a book about a sailor that lost his ship and survive
on a wild island”.
“I read this story too!” replied Blanca, “It is about a man
named Robinson Crusoe and I discovered that the island actually
exists!”
“Really?” asked Leo.
“Yes, I will show you tomorrow on the world map if you like,”
proposed Blanca.
“When we can meet?” asked Leo who appreciated Blanca’s
idea.
“Here, in the middle of the morning. Do you agree?”
As you can imagine, Leo shook his head “yes” right away.
They returned to the village together and found the cottages where
they lived. Leo gave Blanca a small shiny rock, as a token, to
remember their first meeting.
During the first part of the night Leo tossed and turned while
his eyes refused to shut. He continued to think of Blanca and it
was difficult for him to sleep. He tried to sleep on his back, on
his stomach, on his side, but his eyes continued to stay open. Leo
went to his bedroom window and discovered that the night sky
was full of stars. He opened the window and a cool wind entered
in the room.
He was surprised to see so many stars, but he was especially
fascinated by a wide faint white streak that went all the way across
the sky. It was the Milky Way, billions of stars that are very
far away and appear like a pathway of diffused light. It was an
incredible experience for him because he had heard about it but
never seen it before. The white streak seemed to start from the sea,
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where it appeared to be divided into two parts.

3.

What country were Leo and Blanca from? C_ _ _ _

The following day Blanca brought the map and showed him
Robinson Crusoe’s island, far from the coast of Chile, in South
America. Later Leo invited Blanca to see the celestial sky during
the night. They asked their parents if they could stay outside the
house for a half an hour after dark. And the parents agreed. But,
the sky was often clouded and each night, while waiting for the
stars, they spent reading about Robinson Crusoe’s adventures.

4.

Leo imagined he was person who was s_ _ _ _ _ _ _ _ _ _when
he played on the rocks on the far side of the island.

5.

6.

Leo spoke to Blanca about the story of a s_ _ _ _ _ who lost
his s_ _ _ and survived on “w_ _ _ island”.

7.

In the past s_ _ _ _ _ _ observed the s_ _ _ _ to determine
the direction of the ship when they navigated in the open sea.

During the day they played around the tower, and each night
they tried to see the Milky Way. Finally, after waiting five days,
the stars appeared again and along with the stars they also saw the
white celestial streak. They imagined that the sky looked just as
beautiful on Robinson Crusoe’s island and was a comfort to him as
he struggled to survive his ordeal.

8.

Blanca and Leo never forgot this wonderful show of nature
and they remained in contact for many years. The distance between
their cities was only one hundred kilometers but they wrote lots
of letters, to share their experiences and their common interest in
sky phenomena. They spent many holidays together during the
following years. When they finished University they decide to get
married and live together on another island. Their shared vision
of the Milky Way changed their lives. They moved to one of the
Canary Islands, La Palma, where it was possible to see the Milky
Way almost every night. Leo and Blanca had studied the stars
through huge telescopes while taking the same University course
to become astronomers. Now they can use the 10.4-meter Gran
Telescopio Canarias, the biggest telescope in the world. They
live happily on this island of stars with Gemma, their beautiful
daughter!

9.

10. At least how many stars are visible with the naked eye? _
___
Corona Borealis is one of the 88 constellations that astronomers
long ago invented. They invented the constellations as a huge map
of the sky that divides the sky into 88 sections. This sky map can
be used as a calendar, a clock and for navigation.
For example: Corona Borealis is visible in the Spring sky, the
same season when the famous Big Dipper or Ursa Major appears
high in the Northern Sky at sunset and at the bottom of the Northern
sky at sunrise.

At the end of the planetarium lesson the students were asked,
“Would you like to participate in a game? If so please take out a
piece of paper and a pencil. First number your papers from 1 to 20;
then look around the room for 20 questions that are posted on the
walls and try to write the answers to the questions on your paper
after the appropriate numbers. When you are finished please give
your paper to the teacher. Some of the questions are harder and are
called Bonus Questions. You must read to find out the answers!
There is a prize for the student(s) that correctly answer the most
questions. Good Luck!”

Ursa Major is a constellation that is also very close to the
Small Dipper, or Ursa Minor. Ursa Minor is famous because one
of its stars, Polaris, marks the direction of North and never appears
to move. It is sometimes called the North Star for that reason and
it can be used to find the directions of all the compass points.

Final Questions

2.

What is the name of the planetarium show” I_ _ _ _ _ _ of S_
___

Leo and Blanca studied the sky with the biggest telescope in
the world that had a
diameter of _ _ ._ meters.

By looking around the sky, using sky maps, we can discover
that Gemma is also the name of one of the 3000 (or more) stars
visible with the naked eye. Gemma is the brightest star in the
constellation of Corona Borealis.

Conclusion to the lesson

Who was having a birthday in this story? G_ _ _ _

The night on the island was very dark and for the first time
Leo saw a wide faint w_ _ _ _ streak that crossed the s_ _ .
It was the M_ _ _ _ W_ _ .

Bonus Questions:
Read the following information and then answer the next
questions:

At the end of the planetarium projections Gemma was very
excited about the surprise of a show that her mother devoted to
her daughter. This was probably the first time that a planetarian
prepared a show for a living person and the audience showed their
appreciation with a long applause!

1.

During the first meeting between Leo and Blanca, Leo’s the
face became red like the s_ _ at s_ _ _ _ _.

11. What is the name of the figures invented by ancient peoples
observing the stars?
c_ _ _ _ _ _ _ _ _ _ _ _
12. Astronomers divide the night sky in many parts. How many
parts? _ _
13. What is the name of the star that doesn’t ever appear to
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move? P_ _ _ _ _ _
14. In which constellation is it located? U_ _ _ M_ _ _ _
In the story, the character Leo is also a name after one of the
88 constellations. You can find “leo” at the end of the name of
a very famous man called Galileo. Just 400 hundred years ago,
Galileo was the first man to observed the stars with a telescope.
His telescope had a lens of only 26 millimeters in diameter.
Leo and Blanca also observed the sky but with giant
telescopes that contain mirrors of many meters in diameters. The
largest optical telescope is 10.4 meters in diameter and is located
La Palma, Canary Islands, Spain. A 10-meter diameter telescope
is located on the one of the Big Island, Hawaii—another island of
stars! Astronomers are now planning to build and extremely large
telescope of 42 meters in diameter!
15. The first observer of stars and planets through a telescope
was an Italian
astronomer called G_ _ _ _ _ _ .
16. The main l_ _ _ of the first telescope was of 26 millimeter
in diameters, while big modern telescopes contain m_ _ _
_ _ _ of many meters in diameter.
17. The biggest telescope today has a diameters of _ _ ._ meters,
however a project has begun to construct a telescope of
_ _ meters.
On Sunday, 2010 July 11 a total solar eclipse will be visible on
the famous Chilean Easter Island. The moon will appear to block
out the sun’s light for over four minutes!
18. A wonderful total solar eclipse will be visible 2010 July 11
on the famous
Chilean Easter Island, in the P_ _ _ _ _ _ ocean.
19. During a total solar eclipse what is the celestial body that
covers the sun? m_ _ _
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Answer Sheet
1. Who was having a birthday in this story? Gemma
2. What is the name of the planetarium show” Islands of Stars
3. What country were Leo and Blanca from? Chile
4. Leo imagined he was person who was shipwrecked when he
played on the rocks on the far side of the island.
5. During the first meeting between Leo and Blanca, Leo’s the
face became red like the sun at sunset
6. Leo spoke to Blanca about the story of a sailor who lost his
ship and survived on “wild island”.
7. In the past sailors observed the stars to determine the
direction of the ship when they navigated in the open sea.
8. The night on the island was very dark and for the first time
Leo saw a wide faint white streak that crossed the sky. It
was the Milky Way .
9. Leo and Blanca studied the sky with the biggest telescope in
the world that had a diameter of 10.4 meters.
Bonus Questions:
10. At least how many stars are visible with the naked eye? 3000
11. What is the name of the figures invented by ancient peoples
observing the stars?
constellations
12. Astronomers divide the night sky in many parts. How many
parts? 88
13. What is the name of the star that doesn’t ever appear to
move? Polaris
14. In which constellation is it located? Ursa Minor
15. The first observer of stars and planets through a telescope
was an Italian
astronomer called Galileo .
16. The main lens of the first telescope was of 26 millimeter in
diameters, while big modern telescopes contain mirrors of
many meters in diameter.
17. The biggest telescope today has a diameters of 10.4 meters,
however a project has begun to construct a telescope of
42 meters.
18. A wonderful total solar eclipse will be visible 2010 July 11
on the famous Chilean Easter Island, in the Pacific ocean.
19. During a total solar eclipse what is the celestial body that
covers the sun? moon

72

This activity is one of many that Loris has developed to
involve students in a fun and interesting way and to extend
planetarium lessons. He has designed other activities for engaging
parents and the general public. For each activity he has created a
“special yellow card”; participants receive a card for each event.
They enjoy collecting these cards and mounting them in a special
journal. This has proven to be an excellent way to keep the
planetarium, observatory, and astronomy in the public eye and to
increase participation in all activities.
Here is just one example of a special yellow card. It was
specifically created for when a guest French planetarium operator
presented lessons, about Egyptian constellations, to high school
students in Italy. When students are presented with the card they
may be invited to attend another special event. This is a very
inexpensive way to publicize the planetarium and other astronomy
related activities.

THE SOUND OF SPACE: A LOOK AT THE HISTORY AND FUTURE OF AUDIO IN
PLANETARIUMS
René Rodigast
Fraunhofer IDMT
Ehrenbergstrasse 31
98693 Ilmenau
Thüringen, Germany
rdt@idmt.fraunhofer.de
Leslie M. Gaston
University of Colorado Denver
Campus Box 162
PO Box 173364
Denver, Colorado 80217 USA
Abstract: Exciting innovations in audio for planetariums are happening alongside more
traditional sound presentation formats. This paper provides a look at past practices and
productions, examines unique workflows in the present, and recommends future audio
standards for planetariums to follow in order to exhibit the best sounding shows. The
research in this paper is based on a look at previous recommendations, current work with
the latest audio technology, and a survey of over 100 planetariums worldwide.[1]
Introduction

the white concrete dome, steel sheets with 20 percent holes were
mounted, which were later replaced with aluminum. They also
performed tests with cork absorbers.

What makes a good sounding show, and from whose
perspective? Sound engineers are concerned with reverb times
and intelligibility. Show producers and their sound designers want
to have a well-mixed balance of music, sound effects, and dialog.
But in the end, audience members might be subconsciously
impressed with a good soundtrack, and may only complain if it’s
too loud – or not loud enough.

At the Hamburg Planetarium in Germany, a perforated metal
sheet was used, behind which absorbing material like glass wool
was used. In the zenith of the dome was a hole for the “zenith
loudspeaker”, which normally reproduced the narrator’s voice.
On some areas, the dome material was cut away for the speakers.

A need for standards

In 1986, Phil Groce (contributing author for The Planetarian)
noted that smaller loudspeakers could be placed very close to
the perforated dome surface, while low frequencies (below 100
Hz) could be redirected to subwoofers on the floor. According
to this author, “For the first time in the history of planetariums,
Phase Technology Corporation designed and built speaker drivers
to respond to the unusual acoustical problems presented by a
perforated planetarium dome”. [2]

The ideal solution is to rely on the expertise of engineers and
show producers to resolve any deficiencies in the sound system.
Further, the planetarium community should take advantage of
their collective decades of experience: although each planetarium
has its own “personality”, establishing a few standards for sound
will raise awareness of the importance that audio plays in each
production or show, and enrich the audience’s experience.

Present and future technology
Although reverberant domes pose a unique challenge
acoustically, optimization for them is possible. First of all, the first
reflections of the sound must be reduced by using high absorptive
walls and floors. Furthermore, a concrete speaker direction (raked,
directly) is important to reduce sound reflections and other well
known acoustical effects (echo, “whisper gallery”, “acoustical
lens”). Reducing the bandwidth of the sound signal also results
in an improvement for reducing sound reflections in the dome—
especially for low frequencies. As we know, in planetariums
the low frequencies are very important: they are needed for
sound reproduction but cause major problems. Simulations and
auralisations with EASE [3] (simulation software) shows that

Acoustics
History
Planetarium designers recognized as early as the 1920s that
acoustic treatment was necessary to help with intelligibility, and
very soon thereafter recognized the need for perforated domes to
achieve acoustic transparency.
The Zeiss Planetarium in Jena, Germany was founded in 1926
and was the world’s first planetarium. Many experiments were
done in those first years to improve room acoustics. In front of
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good results can be achieved with a high-pass filter at 250 kHz
(24dB/oct) [4]. In practice a high pass filter at 150Hz should used
because of the compatibility with conventional subwoofers. One
separate subwoofer channel (or ideally, more than one) provides a
better way to control the sound energy. Furthermore, high volume
levels are critical in every reverberant dome but the reverberation
time is a static, frequency-dependent parameter. For this reason,
we have to control the sound energy.

experience is important. To realize a realistic and uniform
acoustical perspective for all audience seating positions there are
different technical possibilities:
· A sound system based on Wave Field Synthesis (IOSONO)
· A wave field synthesis based sound system with reduced
speaker numbers (Fraunhofer Spatial Pan)
· Directional mixing based on Deltastereophonie [8],[9] or
Virtual Amplitude Panning (VBAP) [10]

Production

Wave Field Synthesis

History

In this model, the listening area of a dome is surrounded by a
closed array of loudspeakers (speaker panels) at the height of the
horizontal line. On the basis of the Huygens’ Principle of wave
propagation, virtual audio objects can be emulated in a realistic
way through a closed array of speakers. As various wave fronts
reproduced by the loudspeaker arrays combine and cancel each
other out, natural sounding virtual audio objects can be synthesized.
This means that every loudspeaker is driven by a unique signal that
depends on the position of the speaker and the virtual source in the
room. [11], [12], [13]

In Jena, no sound reinforcement was used in the early days
due to the prevalence of acoustic problems. Later, music from
a shellac disk was used, and sent to a speaker as the lights were
dimmed.
As early as 1947, Mueller Planetarium in Nebraska used a
separate sound console for productions, allowing for more room
and flexibility. Another contributor to early writings on sound was
Jack Dunn, who guided the planetarium community through his
articles on the use of music albums (on vinyl, of course!) such as
Mannheim Steamroller’s “Fresh Aire”. [5]

To perform the complex task of controlling such a huge
number of loudspeakers, special software is needed. To store and
distribute the audio sources and their positions and characteristics,
the 3D-Audio profile of the MPEG standard is used.

Starting in the 1960s, stereo was the prevalent format, and
planetariums began to experiment with adding more loudspeakers
for more coverage.
Live music has long been an added attraction provided by
planetariums, with experimental musicians such as the synthesizer
duo “Complex” in the 1980s. Live shows add awareness of the
planetarium and provide a cultural service to the community. The
challenges were dealing with the acoustic space and the existing
sound system. In some cases, sound engineers elected to simply
rent additional equipment in order to “fill in the holes”, providing
monitoring for the musicians (so that they could hear themselves
clearly), and provide controlled, floor-level coverage for some
audience members. [6]
With the advent of Compact Discs and Digital Audio
Workstations in the 1990s, planetarium operators began to embark
on a “digital audio adventure” that continues to this day. Early
computer audio systems could handle 6, 8, or 16 tracks for editing
and perhaps 8 channels or more for playback. These systems cost
$7,000 and more. Today, an unlimited number of tracks and up to
24 channels can be incorporated for about one-fourth of the same
cost. [7]

Figure 1. Principle of Wave Field Synthesis

Present and future technology

Figure 1 shows the principle of Wave Field Synthesis. The
listener at position B hears the sound originating from position
A. With Wave Field Synthesis (WFS) technology all listeners in
the area of the dome can determine the exact position of sound
sources. These audio sources have a unique position and can be
animated. This is shown in Figure 2.

Today, Jena, Mueller, and many other planetariums are
using 5.1 surround sound. Hard disk players and media servers
are used for audio playback. Terms such as “ambisonics”, “3D
audio” and “wavefield synthesis” (WFS) are beginning to enter
our vocabulary, and indeed some planetariums are at the cutting
edge of these new sound technologies.
As always, making sure each audience member has a similar

Now virtual sound sources can be located within or outside the
listening space. The result is an extraordinary spatial stability of an
acoustic image. Through the application of WFS, new creative
possibilities in the field of mixing sound material are available
[11], [12], [13], [14].
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Directional Mixing
This sound reinforcement technology is based on the “precedence
effect” (or “law of the first arriving wavefront”) and provides the
basis for directional hearing [16]. The principle is shown in Figure
4.

Figure 2. Animation of audio objects
Spatial Pan
Besides using WFS as “high end” solution for sound
reinforcement in planetariums, there is also an alternative method
for spatial sound in the dome. For the so-called “Spatial Pan”
system, fewer loudspeakers are necessary than for WFS. Just as in
WFS sound systems, every speaker will be separately controlled
with an adapted WFS Algorithm; but in contrast to a WFS system,
a completely closed wave field cannot be generated.

Figure 4. Principle of Directional Mixing
Directional hearing means that the first wave front that reaches
the human ear determines the localization of the sound source.

By applying the “Spatial Pan” method, a 2D horizontal sound
adjustment with relatively fluent object movements and nearly
individual spatial sound for every audience seat can be created.
This sound system can be considered as a cost effective alternative
to WFS. In Figure 3 a simulation for sound distribution in a dome
with “spatial pan” sound systems is shown. As we can see, a wide
energy distribution is possible with a defined sound radiation. [15].
Wave field synthesis and Spatial Pan Sound systems also available
as full 3D system [15]

For the definition of specific directional areas in the dome
(positions A and B), different groups of loudspeakers must be
driven. The signal of the sound source will be reproduced over
the amplitude-and time-scaled loudspeaker groups which are
permanently adjusted to the position of the sound source. Particular
loudspeakers in such a group will be provided with different delay
times of the source signal.
As a result, the first wave front reaches the seats of the
auditorium with time adjustment, and the audience perceives the
sounds from the correct direction.
Sharing with other planetariums
The 2008 IPS paper, “Methods for Sharing Audio Among
Planetariums” [1] presents some of the challenges to sharing audio
among planetariums. Issues such as loudspeaker orientation,
audience orientation, number of channels, and type of playback
media were discussed. Perhaps more than any single reason,
the need to share audio should be a driving force behind the
community’s need to seek standards for playback.
A typical way to transfer content to other planetariums is to
use single tracks saved on various media. Currently, types of audio
media include uncompressed multi channel sound formats shared
by Tape (Tascam DAXX, ADAT), disc (CD or DVD), audio files
(.aiff, .wav), a session from a Digital Audio Workstation (Nuendo,
ProTools, Cubase, Logic, etc) or a coded format like AC3.

Figure 3. Acoustical simulation for SPL-distribution of a “Spatial
Pan” sound system in a dome

For distribution purposes, the sound format has to be free
of limitations and flexible enough for collecting individual
information, characteristics or requirements. Unfortunately, none
of the formats listed above contain metadata (auxiliary data about
the program material) in a flexible way. Therefore, it would be
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useful to go to an object based format. In Figure 5, the difference
between an object based approach and a channel based approach
is shown.
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Figure 5. Object-versus channel-based approaches for sharing
data

·

An audio event (track, file) has individual characteristics like:
· a position (sometimes dependent on the visual image)
· a time where the sound is active
· level
· processing information (compressed, EQ, convolved,
etc.)
· an environment (small, big, concrete dome, perforated
dome, studio, etc.)

·
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Most of these parameters are normally changed during
playback along with the image (for example, a sound effect panned
along with an image of a shooting star.) In this context, an object
based sound format should be applicable for production as well as
distribution or sharing of the audio program material. An objectbased sound can be integrated in the video production on the
timeline or coupled with the video objects.
Also, channel-based sound systems use sound positions
between the speaker positions (sometimes referred to as “phantom
images”). But often it’s impossible to place (localize) the sound
on its respective position due physical and psychoacoustical
limitations of the “traditional” formats.
If an object-based standard is used, all possible content can
be produced, exchanged, and played back, individually adapted
to the respective dome. Therefore, a fast coding and encoding
algorithm is required, and a universal standard for this would have
to be accepted by every planetarium.
Conclusion: Audio standards group needed in IPS
The major reasons to create audio standards are as follows:
·
·
·
·

a myriad of choices and production styles exist,
the desire to share shows among planetariums,
the need for standards is recognized and desired by 92%
of surveyed planetariums [1],
the need to improve audio quality in many planetariums.

With these driving forces in mind, we make this preliminary
proposal of the following standards:
·

Narration and other dialog elements should come
from center (if a loudspeaker exists there) and not be

spatialized.
Audible elements (like rocket dust, cars, etc.) should
originate from this visual image. This position should be
stable for all audience members.
Room acoustics in planetariums has to be in a standard
range (to be defined) Important parameters in this context
are:
o Reverberation time (RT60)
o Early reflections
o Low frequency response
o Speech transmission index (STI)
o Distinctness C50, Clarity C80,
An object-based format that includes an unlimited
number of channels should be provided.
A downmix from higher channel numbers to mono,
stereo, and 5.1 should be accommodated.
An upmix from lower channel numbers to higher number
and 3D sound should be accommodated.
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ICE WORLDS: GLOBAL CLIMATE CHANGE ON AN INTERPLANETARY SCALE
Annette Schloss
University of New Hampshire
446 Morse Hall, 39 College Rd.
Durham, New Hampshire 03824 USA
annette.schloss@unh.edu
Abstract: The full-dome production, Ice Worlds, was created as part of the Ice Planet Earth
project funded by the National Science Foundation (NSF) in support of the International
Polar Year (IPY 2007-2009). The goal of the project was to bring Earth’s polar regions to a
wide audience as a new and innovative production. The show combines Earth’s history of
climate change with a solar system adventure—all centered on the role of ice in changing the
landscape of Earth and other worlds. The project has been a collaborative effort led by the
University of New Hampshire in partnership with the Houston Museum of Natural Science
(HMNS) and Evans & Sutherland (E&S) to address the challenge of connecting astronomy
and earth science themes and to create a program that meets the needs of the growing field
of informal science education to be both evergreen and able to be updated with the latest
discoveries. This paper discusses challenges, successes and lessons learned during the 3-year
project.
Background
The 4th International Polar Year (IPY) was a collaborative effort
of over 60 countries to conduct an intensive research campaign
towards improving understanding of Earth’s polar regions and their
role in regulating climate. To adequately address the knowledge
gaps in both the Arctic and Antarctic Polar Regions, the IPY was
actually carried out over two full years, from 2007-2009. The IPY
was also unprecedented in other ways including the commitment
of participants to include education and outreach as integral parts
of the collaboration. As a result, competitive funds were made
available for the development of educational programs that would
capture the excitement of IPY scientific expeditions as they were
being carried out and inform the public about key findings during
and after the IPY. The Ice Planet Earth project was funded by the
National Science Foundation (NSF) to bring together researchers
and planetarium professionals to create a full-dome planetarium
show, Ice Worlds. The concept behind Ice Worlds was to create an
immersive and informative experience about Earth’s climate that
would appeal to traditional planetarium audiences by comparing
the dynamic nature of ice and water on Earth with that of other
planets in our solar system, and would also report on new findings
from the IPY in the context of the historical record of Earth’s
climate.
Planetariums are well positioned as informal science
education (ISE) providers to offer programs about current events
to a wide audience. Earth science is an example of an area of
scientific research for which new findings in a rapidly changing
environment have significant societal consequences and for which
the public is given information (mainly through media outlets)
that is incomplete, contradictory, or confusing. More and more,
scientists are becoming aware of the importance of communicating
their research in meaningful ways to public audiences. Digital
full-dome theaters expand planetariums’ capabilities to offer new

programs that will meet the growing ISE needs for innovative and
timely programs on Earth science topics that may not be wholly
focused on planetary themes. Because planetariums have led
the ISE field by giving the public access to quality programming
in astronomy and planetary sciences, Ice Worlds was created to
examine how well current events could be incorporated into
planetarium programs.
Our project proposed to develop the procedures for rapid
infusion of current content to the informal science community. We
proposed to (1) create a production with an exciting astronomy
overview leading to an immersive presentation of specific changing
conditions on planet Earth and (2) address a dynamic current
events topic in a timely manner by taking advantage of the digital
production and display environment of the digital planetarium to
create a regularly updated current events pre-show. In this way,
the Ice Worlds show could be shown long after the end of IPY
while the updated pre-show presented the latest research findings.
Connection to History of Astronomy Theme
Ice Worlds addresses the history of planet Earth, including its
ice ages and polar ice caps, in the context of other ice worlds in
the solar system and changes in the Earth’s relationship to the Sun.
In this instance, we are exploring the relationship of astronomy
with Earth’s geologic history. The program also addresses past
climate change on Earth as recorded by ice cores reaching back
more than 400,000 years. Similar techniques are being used to
explore the composition of other ice worlds. This comparison of
research techniques and planetary environments helps to highlight
the unique and dynamic nature of Earth’s climate and the time
scales—from seasons to millennia—over which changes take
place.
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Outcomes

Contributors

Ice Worlds was successfully produced and has been shown in
planetariums worldwide. Each partner contributed their expertise
to the production and the balanced makeup of the team ensured
that Ice Worlds contained the most up-to-date science, was visually
attractive, professional in quality and appealing to typical and new
planetarium audiences. The current events pre-show development
was also successful and three versions were created over the
course of the project. Each version contained new information
and findings from IPY research. The show was distributed to both
large format theaters and the portable dome market that primarily
serves schools. The packaging of the two separate pieces was
problematic for the large format market: some theaters were able to
create an interactive sky program between the two pieces using an
operator, while others simply showed the pieces together. Some of
these differences were due to the amount of time allotted between
showings. Theaters that showed the program continuously at halfhour intervals did not have enough time to introduce the pre-show
as a current events update (the entire package was 25 minutes
in length) and this caused some confusion is the audience as the
pieces were produced with different narrators and soundtracks.

Houston Museum of Natural History
Carolyn Sumners
Tony Butterfield
Adam Barnes
Evans & Sutherland
Terence Murtagh
Michael Daut
More Information
Ice Planet Earth project
www.iceplanetearth.org
Evans & Sutherland
www.es.com
Houston Museum of Natural Science
www.hmns.org
Discovery Dome
http://discoverydome.com

Lessons Learned
The current events pre-show was most successful for the
portable domes. In response to feedback from teachers, new
versions of the pre-show provided additional content, current
events, and examples of scientists working in the field not
originally in Ice Worlds. Rapid updates in response to new findings
and audience feedback were one of the objectives of the project
and this success showed the value of producing full-dome current
events programs.
In the large format theaters, the pre-show concept was less of
a success. We are considering other ways to infuse current events
into the planetarium show, such as presenting the updated material
as a short series of questions or images as the audience enters the
theater or as an insert before the credits role (and the audience
gets up to leave). In the near future, creation of high quality fulldome content from research carried out at the poles will be more
accessible than was the case at the time that Ice Worlds was created
and it may be less expensive and time-consuming to produce new
pieces on a regular basis. Much of the research begun during the
IPY is ongoing and more and more polar researchers are using
high-resolution photography to document and share their work,
which will provide the full-dome immersive environment with a
rich source of content for years to come.
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Exploring new regions on Earth and other planets –
from Ice Worlds.

SCANNING 140,000 SLIDES
Dale W. Smith
BGSU Planetarium
Department of Physics & Astronomy
Bowling Green State University
Bowling Green, Ohio 43403 USA
dsmith@newton.bgsu.edu
Abstract: I have digitized 140,000 slides in the past two years. These include personal slides
and slides formerly used in university astronomy classes. I will describe this project and its
application to planetariums.
Soon after I bought a digital SLR camera in December 2007
and switched from film to digital photography, I realized that I
would eventually have to digitize my lifetime collection of
slides and our Department’s collection of slides formerly used
in university astronomy classes before we all switched to using
PowerPoint presentations.
I had been shooting slides for 37 years and the collection
had grown to 128,630 images. Most of the slides are stored in
transparent Clear-File archival plastic sleeves that hold twenty
slides each. Old Kodak slide tray boxes in turn house fifty sleeves
each, or a thousand slides.
At work, our Department had been collecting slides for over
30 years and the collection had grown to over 12,000 images.
About half were stored in Clear-File sleeves and about half were
stored in pull-out drawers in metal cabinets.
Handling and digitizing all of these was a daunting prospect!
Box of 1000 slides in plastic sleeves
Equipment
In order to tackle this project without being consumed by it, I
needed a scanner that could handle a whole tray of slides without
further attention once the tray was set up. My first decision was to
buy a dedicated slide scanner rather than a flatbed device that could
also do prints, since none of the flatbed scanners could efficiently
handle a large enough batch of slides at once.
As a Nikon camera owner, I first considered a Nikon Coolscan.
These machines are fast, reliable, and deliver excellent images,
but the user product reviews of the bulk loaders were consistently
scathing. I had too many slides to feed one at a time and needed a
bulk loader that would not jam.

80,000 slides in boxes

After research, I settled on a Pacific Images PowerSlide 3650
and bought it in May 2008. It cost US$773.50 (now $723.50)
at B&H Photovideo in New York, and was comparably priced at
competing on-line sites. The B&H web site also showed a Braun
scanner (from Germany), but the Pacific Images scanner (from
Taiwan) looked nearly identical, was half the price of the Braun,
and had excellent user product reviews. It has proved to be an
excellent and reliable choice. It scanned over 90,000 slides before
developing problems that needed repair. Thus the purchase price
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has amortized over the number of scans to date to about 1¢ apiece!
I also bought a replacement scanner and it has now scanned about
50,000 slides without problems.

PowerSlide 3650 slide scanner
The scanner comes with a 50-slide straight tray. This tray
jams about 1% of the time in forward mode, and somewhat more in
reverse. This is an unacceptable rate of jamming for slides that are
not warped. For warped slides, the rate of jamming is far worse.

Braun 100-slide round tray
I use the 100-slide Braun round tray for all my scanning.
Once the tray is loaded and set up, the scanner will scan all the
slides in the tray without further attention from me.
The scanner can also handle individual slide scans. When
a slide needs to be scanned individually rather than as part of a
batch, I load it either with the manual change mechanism or from
the 50-slide straight tray. Slides whose cardboard mount is warped
should be loaded directly in the individual holder one at a time.

Scanner with straight tray
The essential tray is the 100-slide Braun round tray. It is a
bargain at US$24.95 on the B&H or competing web sites. This
tray does not jam—it handled 100,000 consecutive personal slides
for me without a problem! This tray comes in two versions: 2.2
mm (gray) for cardboard or thin plastic mounts and 3.2 mm (white)
for the thicker Gepe or Wess mounts. (The number refers to the
thickness of the bin holding the slide; the colors are distinct but
cosmetic.) Conventional Kodak slide trays will not work as they
seat differently in the projector and are not compatible with the
forward/reverse mechanism of the PowerSlide scanner.

Individual slide holder
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Software parameters
The scanner runs from my desktop iMac computer and
is connected to it via a USB port. I have also run it from my
MacBook Pro laptop computer. The scanner’s software will also
run on Windows systems.
The CyberView-X image editing software has extensive
capabilities for color and brightness adjustments, but I rarely use
them. As I was learning to use the system, I experimented with
these adjustments, but eventually came to trust the nominal settings
and now leave any image adjustments to later work in Photoshop,
iPhoto, or some other program. If I had only a few dozen slides to
scan, there would be time to fuss over each one, but with tens of
thousands, the process has to be brutally efficient.

CyberView image editing screen
An important user setting is the scanning density. I use the
nominal setting of 1800 dpi. The scanner will go up to 3600 dpi, so
I made trial scans of some slides with fine detail at both 1800 and
3600 dpi, but the higher resolution yielded no visible improvement
in the scanned image either on-screen or when video-projected on
to the planetarium dome. The higher density scans would have
required more scan time, a very practical deterrent, and would
have generated larger files, a less vital factor given how cheap
storage is. So with time in mind I settled on 1800 dpi.

Image before (above) and after (below) ICE dust removal.
The ICE dust removal adds over 2 minutes per slide to the
scanning time, which is a lot, but is essential.
The file size of each scan is about 1 MB and varies between
about 500 KB and 2 MB depending on how complicated the image
is.
The software assigns a name to the file that it creates. The
name includes a base name and an optional trailing index number
that automatically increments from a user-defined start number.
For my personal slides, I used the base name “Image” suggested
by the software. Since my slides are numbered consecutively on
the slide, I specify a start number for each tray that equals the
number on the slide, e.g. 49301. The software then calls the first
scan from that tray “Image49301”, the next one “Image49302”,
and so on. In this way, the file numbers match my slide numbers.
For Department slides, I use an appropriate topical name, such as
“Saturn”.

A critical user setting is turning on the ICE (Image Correction
and Enhancement) dust removal. This works using infrared scans
of the emulsion side of the slide. It is absolutely essential because
the emulsion side is slightly adhesive and therefore covered with
tiny motes of dust too small to see on visual examination, even with
a magnifier, but that show up on the scan no matter how careful
you are in cleaning the slide ahead of time. The ICE introduces a
very slight but acceptable shift in color. Without it, any clear part
of the slide is too dusty to be acceptable, so I leave the ICE turned
on at all times, except during pre-scanning when dust removal is
unnecessary.
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the next tray, it has to back up all the way rather than physically
going forward one position and resetting the position number.
(Unlike Kodak trays, the Braun tray has no “position zero” slot.)
This backing up takes about eight minutes. To reduce mechanical
wear, I usually remove the tray while the scanner is backing up and
put it back in the scanner when position 1 is reached.
Time required
As with any scanning process the images need to be prescanned
at low resolution so that margins can be set for the final scanning.
Prescanning takes about 40 minutes for a tray of 100 slides. I make
sure to put all the slides in the tray with the same orientation so that
the prescans can be reused on the next tray, saving the prescanning
time. The software is only rather good at setting margins from the
prescans, though it sometimes has difficulty on dark slides or on
edges that contain dark areas. A few slides per set of 100 prescans
need manual adjustment to correctly line up the margins with the
edges of the slide.
Each scan takes just over 3 minutes at 1800 dpi. This divides
into about 30 seconds for the scan, about 2 minutes for the ICE
dust removal, and about 30 seconds for the image restoration and
exporting. The scan time is a weak function of the speed of my
desktop computer, which is 2.66 GHz. My laptop is slower (2.2
GHz) and takes about 5 minutes per slide.
Each tray of 100 takes about 5 hours and 20 minutes to scan.
Hence I can normally scan three trays a day. I set one up in the
morning to scan during the day, one in the mid-to-late afternoon to
scan during the evening, and one at the end of the evening to scan
overnight.
Setup and turnaround time between trays is about 20-25
minutes, or longer if too many re-scans are required. Besides any
rescanning, there are four steps involved: quickly paging through
the folder of 100 scans to identify any slides needing re-scanning,
removing the 100 just-scanned slides from the tray, removing
the next 100 slides from their plastic sleeves or storage cabinet
and putting them in the tray to scan, and putting the previous 100
slides back in their plastic sleeves or cabinet. I also move the justscanned files to their permanent folder from the temporary folder
the scanner puts them in.

Slide and file numbering
Ektachrome, Kodachrome, and Fujichrome slides all scan
successfully. Most of my personal slides are Kodachrome and
Fujichrome, while most of the planetarium’s slides are Ektachrome.
Problems
The process is surprisingly problem-free given the number of
images, but a few minor hassles do occur. One is that the ICE dust
removal misses dust on the non-emulsion side and big pieces of
dust on the emulsion side. I quickly inspect the non-emulsion side
of most slides as I load them in the tray and (with finger or breath)
brush off visible dust on the non-emulsion side. The practical
result is that dust shows up on only about ½ to 1% of the scans.
When it does, I clean it off the slide and manually rescan the slide.
It would also be possible to remove the dust later in image editing,
but I usually prefer to rescan the slide.

So the project takes three 25-minute blocks of time each day,
one in the morning, one in the late afternoon, and one in the late
evening, a load that is barely manageable depending on the day’s
schedule. More time than that on a regular basis would be too
much.

A more frequent problem is that some scans are washed out
(by more than can be fixed later by brightness adjustments in
software). This occurs in about 1-2% of slides and I normally
solve it simply by rescanning the slide.

At the rate of three trays a day (or infrequently four), I can
scan 300 slides a day, seven days a week. This is a pace of about
2000 slides a week, slow enough (because it can’t be sped up)
to feel as if it will take forever, but fast enough to sense steady
progress. With 128,630 slides altogether, the project will require
about two calendar years to do the scans. I began scanning my
personal slides (128,630) in June 2008 and finished in April 2010.
Then I began scanning the Department’s teaching slides (12,000),
am about 60% done as I write this, and expect to have finished in
early June.

An irritant is that when the scanner has to take the tray from
position 100 at the end of scanning one tray to position 1 to start
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Post-scanning processing
The scans are generally good enough to use as is, but can be
improved with post-processing in Photoshop or a similar program.
For most images, I want to crop and sharpen, do some brightness
adjustment, and rotate if needed, steps that together take somewhat
under a minute, or longer if leveling is needed. Since there are
so many images to handle, it is essential to use a program where
all the commands are on one screen and quickly accessed. I first
used Nikon’s Picture Project software, but it developed importing
problems that proved insoluble, so I am switching to iPhoto and
Preview.

External hard drives
The total storage required is about 1 TB. Each scan is about 1
MB, but when the raw scan is eventually adjusted to a final image
and hidden copies are generated in the process, each image will
need about 10 MB. With about 105 images, the total multiplies up
to around a TB, for which existing storage devices are quite ample
thanks to the demands of storing video and audio files.

Nikon Picture Project editing screen
The image adjustment requires more time than I have atop
managing the scanning, so I am deferring it until after the scanning
is done.
Storage
I store the scans temporarily on my desktop and then back
them up permanently in three places. One place is a Western
Digital 750 GB external hard drive bought in June 2008 for
US$225 and no longer available because it is too small! The
second place is a Western Digital 1 TB external hard drive bought
in September 2008 for $225 and now available for $99. The third
place is to burn them to DVDs so they are completely immune to
power surges or accidental deletes.

Application to planetarium
The success of this project demonstrates that with proper
equipment, organization, and discipline, it is possible to digitize
very large numbers of slides. Once in electronic form, large
numbers of images can be viewed easily and conveniently. Hard
copy images that would otherwise gather dust in storage can be
incorporated in digital presentations, both in the classroom and in
full dome shows.
I scanned my personal collection first because it was so
massive. The procedures I developed for it were then directly
applicable to scanning the Department’s teaching slides. I expect
that my colleagues and I will use only a small fraction of these
images, but it was easier to simply scan them all rather than trying
to select a subset to scan.
Next I will turn to the Planetarium’s glass-mounted slides
(about 22,000) in order to support converting some existing shows
to full-dome should we get the funding to go that way. I expect to
have these scanned in by the end of the calendar year.
Then the corner of my desk will be free of the device that has
occupied it for about two and a half years and drawn curious looks
from everyone who comes in my office!
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Reference
After working out the practices described above, I found the
article “Preserving Your Travel Photos” by Scott Stuckey in the
January/February 2009 issue of National Geographic Traveler.
His recommendations were very similar to what I was already
doing, so I concluded I was on the right track.

85
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Abstract: Brazil is the largest country in South America. With over 190 million inhabitants,
Brazil has many challenges in the education field, mainly in science learning. Brazilian
planetariums, as museums and science centers, are places where people can pursue and
develop science interests, engage in science inquiry and reflect on their experiences. There
are 34 fixed planetariums in Brazil, most of them in the South of the country. There are
also some portable planetariums. In this poster we present a brief report of Brazilian
planetariums as informal environments for learning science.
One knows that designed spaces, like museums, science
centers, zoos and planetariums, can support science learning.
These are places where people can pursue and develop
science interests, engage in science inquiry and reflect on their
experiences. If one displays the museums and science centers
in the Brazilian map, one will see almost the same distribution
as the planetariums.

Brazil is the largest country in South America: the Brazilian
area is 8,456,510 km², which represents almost 50% of the total
South-American area. With over 190 million inhabitants, Brazil
has many challenges in the education field, mainly in science
learning.
In the map bellow, the little stars represent the localization
of Brazilian planetariums. It is easy to see that the South,
Southeast, and Northeast regions, which concentrate the major
part of the inhabitants (respectively 46, 84 and 32 inhabitants/
km2), concentrate the greatest number of planetariums. In
contrast the North and Center have less than10 inhabitants/km2
and very few planetariums.

As educational researchers, we can point the need for
coherence and integration of informal environments and
classrooms. It requires a reflection about the distinction between
assessment and evaluation. Assessment can be considered
the set of approaches and techniques used to determine what
individuals learn from a given instructional program; yet
evaluation is the set of approaches and techniques used to make
judgments about a given instructional program, approach, or
treatment, improve its effectiveness, and inform decisions about
its development.

Brazilian cities with fixed domes

Planetariums, as informal settings for science learning,
typically do not use tests, grades, or other kinds of educational
instruments to evaluate the learners. But it is very important to
characterize what participants learn about science in informal
environments. It is necessary to have in mind that assessment
requires plausible evidence of outcomes. These outcomes can
be described as a particular type of knowledge, skills, attitudes,
feelings, and behaviours.
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One can identify some typical planetariums outcomes:
1- Planetariums visitors are people of all ages
2- Education researches show that science learning involves
everyday experiences for human beings from the earliest
ages
3- People excitement and motivation to engage in activities
that promote learning about the natural and physical
world
4- How scientific knowledge is constructed
5- How learner’s ideas change.
So, it is important to provide a careful analysis of the goals
and objectives of learning science in informal environments and
to provide assessments of the planetariums’ activities.
As a case study, we can cite some practical recent outcomes
from the Rio de Janeiro Planetarium, the largest and busiest
planetarium in Brazil.
Under the new administration, which began in January
2009, the Rio Planetarium shifted its focus to accommodate a
new interpretation of science diffusion. For the Rio de Janeiro
Planetarium, the collective scientific knowledge of a population
is part of its cultural inheritance and, therefore, Science cannot
be disassociated from Culture.
Having said that, the Rio de Janeiro Planetarium has
promoted, during this past 15 months, several events in its
domes (and in other environments as well), such as musical
shows, stand-up comedy, poetry recitals, theme parties, and
such.
The numbers are up as is the media coverage, getting the
Rio Planetarium back to its rightful place as the main facility for
science diffusion in Rio de Janeiro.
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LOCAL STORYTELLERS UNDER THE STARS
Dave Weinrich
Minnesota State University Moorhead Planetarium
1104 7th Ave. S
Moorhead, Minnesota 56563 USA
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Abstract: Most traditional cultures have a rich tapestry of star mythology. This
presentation will look at a cooperative program that brought local storytellers into
classrooms for art enrichment activities. The stars were used to create an avenue of
interest and cultural connection for the learning of both science and art. The program
culminated with a visit to our planetarium and storytelling under the stars.
All of us have experienced magical moments under the
stars in our planetariums. These are memorable times when
there is a special blend of subject matter, a particular audience or
presentation; a time where it all comes together. One such event
occurred for me when a group of Native American storytellers told
stories to local school children under the planetarium sky. I can
imagine similar occasions in the past when the stories were told
outside under extremely dark prairie skies. The stories had lessons
that were relevant to students today. An especially poignant
moment occurred when one of the storytellers played flute music
as part of his story. Magic!

this creative spirit lives on, instilling a love and under-standing
of the arts to each new generation—maintaining the continuum
from early humans drawing images on cave walls to today’s youth
drawing images on computer screens.” 1
Project Details

Genesis of the Project

A quote from the grant application does a much better job of
describing the project than I could.

In the spring of 2007 Troyd Geist of the North Dakota Council
for the Arts approached the Circle of Nations School (Wahpeton,
North Dakota), the Fargo, North Dakota School District, and the
Minnesota State University Moorhead Planetarium to explore the
possibility of working with some Native American artists who
would be resident in the schools for several weeks, telling star
stories and doing art projects with the students. We met and the
result was a grant application for a program that we titled Science
Taught by Artists Reaching Students (S.T.A.R.S.).
Actually there were two grants. The first one was a $28,771
application for a National Endowment for the Arts “Learning
in the Arts” grant. The second grant for $10,000 was from the
North Dakota Council for the Arts’ (NDCA) “Artist-in-Residence”
Program. The NDCA money was used to help supply matching
funds for the first grant.
In the brochure Learning Through the Arts—A Guide to
the National Endowment for the Arts and Arts Education, the
importance of arts education is explored.
“From the earliest times, humans have communicated their most
profound thoughts and deepest feelings through music, dance,
drama, and art. … To return to the initial question: why arts
learning? Because the arts help us all better understand and
interpret the world around us. Because the arts improve our
ability to think critically and act creatively. And finally, because
the arts offer us the opportunity to communicate our most
profound thoughts and deepest feelings. Arts learning ensures that
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“Our intention is to bring quality arts education and
hands-on, classroom experiences to children to deepen and
enrich their knowledge regarding the connections between
traditional American Indian arts, cultural beliefs, and
scientific knowledge focused on astronomical bodies like the
Sun (Grandfather Sun), Moon (Grandmother Moon), Mars
(Red Heart Star), and Venus (Morning Star). The children
will be engaged in traditional storytelling, flute carving and
playing, pictographic hide painting, birch bark scroll and
birch bark basket making, and star quilts. Specific “star
stories” will serve as the primary foundation and inspiration
for the folk art skills employed. Stars are placed in context
to create an avenue of interest and cultural connectedness
for the learning of both science and art. While art activities
are infused throughout this project in synch with national and
ND Art Standards, important goals of the artists are also in
alignment. Those being, 1) understanding folk art as a form
of communication and a vehicle for passing knowledge about
the world around us, 2) creating a sense of connectedness
with that world, that art/tradition is not just something you
study but something you personally are a part of. A story is
not just entertainment, but a repository of knowledge which
storytellers say is multi-layered with different messages for
different people based on the “place” that person is in their
life. A flute player talks about how their breath gives life to the
wood but as the tune comes the flute takes over and it “plays”
the musician. They are connected. Certain stories tell of stars
being the souls of the deceased who help and advise those
on earth, people “wish upon a star,” they are connected. An
American Indian phrase states, “We are but a strand in the
web of life, what we do to the web we do to ourselves.”2

Project Implementation

evening performance. This event took place in a large auditorium
on the campus. Unfortunately, the event coincided with the public
celebration of the successful flood fight where the mayor of Fargo
fulfilled his promise to give a free beer to everyone who had fought
the flood. Guess which event got more attendees!

The grants were approved and the programs began in
the schools in the fall of 2008. The following description is a
condensed version of the program based on the S.T.A.R.S. grant
narrative.

Final Thoughts

The first featured artist residency was renowned traditional
Mandan/Hidatsa flute player and storyteller Keith Bear of Drags
Wolf Village, North Dakota. He began by telling the featured
traditional star story “Sticks a Feather in His Head.” With this
story as the background and source of artistic inspiration, children
were taught to carve and play flutes (basic playing techniques).
The younger students learned to paint pictographic hides. In both
areas they incorporated symbolism reflective of stars (i.e., Sun,
Moon, Mars, and Venus), color, and events from the featured story.

I hope to work more fully with these artists and the North
Dakota Council for the Arts to produce a planetarium program
about the star lore of local Native American groups. The whole
project was very interesting. I especially enjoyed working with
the Native American artists. It gave me new understanding of the
meaning of some of their stories and their relevance for audiences
today.
I would like to mention two websites that explore the
relationship between traditional stories and the scientific narratives
that we tell today. The first one, titled Stories of the Night Sky, is
a Canadian project of the International Year of Astronomy 2009.3
Aboriginal night sky stories were gathered from community
Elders in Canada. “These reflect observations that were connected
through story and ceremony; interlinking the sky, the land, and
the people, with timeless understandings that foster traditional
Indigenous values, strengths, and wisdom.”4 Mi’kmaq Elder Albert
Marshall’s concept of “Two Eyed Seeing” inspired the project.
This phrase addresses two frames of reference: the Aboriginal way
of viewing our world and the Western way, looking at the strengths
of each. Elder Marshall states, “Using both these eyes together, for
the benefit of all is an important guiding principle for our journey
together while here on Mother Earth.”5

The second featured artist residency was Mary Louise Defender
Wilson, a highly regarded and accomplished elder Dakotah Sioux
storyteller from Porcupine, North Dakota. She taught storytelling
to the children at both schools. One of the stories to be featured in
this residency was “The Star in the Cottonwood Tree” The schools
incorporated the teaching of English and Writing, and the making
of baby star quilts to aid in the learning process.
The third featured artist residency was multi-talented
traditional Ojibway storyteller and birch-bark pictograph scroll
maker Anthony Richard LaFromboise from Bismarck, North
Dakota. In his residency, he taught the making of birch bark
baskets and the extremely rare and ancient Ojibway tradition of
making pictographic scrolls which involves incising complex
symbols on birch bark to record a traditional story and to guide the
storyteller in accurately relaying the story to others. He focused
on the Ojibway story “Summer Maker: The Story of Ojeeg Anung”
which involves the formation of the constellation of stars called
The Fisher Stars. Students created a story or elements from the
featured story on their own bark scroll or incise symbols from the
featured story on birch bark baskets, again focusing on the stars
referenced.
During the residencies I went to the schools to teach students
some of the astronomical concepts, to tell star stories from other
cultures and to prepare students for a culminating visit with the
artists at the planetarium. There were some difficulties in making
these presentations due to a lack of scheduling and the record
spring flooding that we received in the area.

The second website, SkyTellers, is a collaborative project
between the Lunar and Planetary Institute and Ms. Lynn Moroney.
The site and the programs developed look at the differing ways
that storytellers and scientists explain natural phenomena. The
website notes that “built into the storyteller’s ‘explanations’ of
how the world worked were values, traditions, beliefs, and tribal
wisdom.”6 Science is our modern way of explaining the world
and the universe we live in, but sometimes it is presented as many
unrelated facts and fails to inspire the listener. SkyTellers seeks to
combine the two viewpoints and motivate modern learners to learn
more about the magical universe in which we live. Each topic
is explored from the two perspectives, the traditional storyteller’s
and the scientific. During the storytelling portion, no images are
provided so that each listener will use their imagination to develop
their own mental picture.

At the end of the school year we had two events at Minnesota
State University Moorhead. All of the students involved with the
program came to the planetarium and listened to the artists tell star
stories under the dome. The lights were dimmed. Occasionally
I projected images regarding the astronomical subject matter of
the story. For example, if the story involved Venus I projected
an image of Venus in the night sky. If the story discussed aurora,
pictures of aurora were projected on the dome. But most of the
time the background was simply the stars and their motions. It
was a special event.
After the planetarium programs we had a program for the
general public, to which students could bring their families for an
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Wherever our ancestors may have lived, the stories that they
told about the night sky are certainly a part of the rich history of
astronomy. I would encourage each reader to collect these stories
from their own local area and to use them in their presentations. Let
us remember that, as one Canadian First Nations Elder remarked,
“We are blessed to live under a blanket of stars.”7

Endnotes
1

http://www.arts.gov/pub/ArtsLearning.pdf, pp 2 and 8

2

Learning in the Arts for Children and Youth, Supplemental
Information, Attachment 2: Circle of Nations School, Details of
Project, Laura Youngbird, et al.

3

http://www.storiesofthenightsky.ca/index.htm

4

Ibid

5

http://www.storiesofthenightsky.ca/inspiration.htm

6

http://www.lpi.usra.edu/education/skytellers/imagine.shtml

7
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LIFE OUT THERE: AN ASTROBIOLOGY MULTIMEDIA EXPERIENCE IN THE FULLDOME
PLANETARIUM
Ka Chun Yu
David H. Grinspoon
Denver Museum of Nature & Science
2001 Colorado Blvd.
Denver, Colorado 80205 USA
kcyu@dmns.org
Abstract: There are many instances in the past where planetariums have supported
musical events in addition to the default science programming. There are however few
attempts which have tried to integrate the two. Here we discuss Life Out There, a series of
multimedia experiences in the digital Gates Planetarium, which incorporate the elements of
an astrobiology science lecture with a live “House Band to the Universe” and realtime science and abstract visualizations in the immersive dome. In its most recent
incarnation, Life Out There successfully inaugurated the Denver Museum of Science &
Nature’s Science Lounge, a new evening program series themed for a young adult audience.
Williams with immersive fulldome visuals simulating spaceflight,
with the goal of inspiring audiences and engaging them with Earth
systems science.

Introduction
Planetariums have a long history of experimentation with
audio and visuals to create new multimedia experiences, starting
with filmmaker Jordan Belson and composer Henry Jacobs’ Vortex
concerts, shown between May 1957 and January 1959 at the
Morrison Planetarium in San Francisco. The planetarium’s star
projector along with other specialized devices such as interference
projectors, film loops, and kaleidoscopes were combined
with experimental film projected onto the overhead dome, and
synchronized with spatialized electronic music (Youngblood
1970, pp. 388-391; Moritz 1999). The long affiliation of laser
shows with planetariums began later with the Laserium concerts
pioneered by Ivan Dryer at Griffith Observatory in Los Angeles
on 19 November 1973 (Laserium 1998). Lightshow experiences
using lasers and other staging effects have since become a mainstay
of planetarium programming involving both pre-recorded and live
music (Brill 1984, Kinsella 1984, Kaiser 1998).
Debate in the planetarium community about the
appropriateness of musical lightshows started almost immediately.
Critics contended that such events are not consistent with the
astronomy educational mission of planetariums, while advocates
pointed out that lightshows can help increase not only a facility’s
revenue but also its public profile (Hare 1984). Such tension
between the goals of education and entertainment existed from
the start: the Vortex concerts were ended after opposition from the
Morrison Planetarium’s director who was uncomfortable with the
“Bohemian” element that they attracted (Marché 2005, pp. 141143).
The Gates Planetarium staff at the Denver Museum of Nature
& Science (DMNS) have long experimented with alternate forms
of programming in addition to its regular schedule of science
shows (Neafus & Yu 2007). Most prominent has been a series
of concerts created by Kenji Williams: Gaia Journeys (Yu et
al. 2009), and its follow-up, Bella Gaia. These performances
married live musical performances by violinist-composer

Funded in part as education and public outreach by the NASA
Astrobiology Institute’s JPL-Titan Team, the Life Out There shows
at DMNS were designed to be a more even balance of a musical
lightshow and a science lecture compared to similar programs in
the past. The key components of the 60+ minute show at the
Gates Planetarium include: live performances from the “House
Band to the Universe,” both scientific and abstract visualizations
projected onto the Gates Planetarium dome, and a spoken-word
narrative focusing on the importance of water to life, and the
places elsewhere in the Solar System where life may have
evolved. After a successful initial event on 3 November 2009,
Life Out There was brought back in two back-to-back concerts
on 18 February 2010 to inaugurate The Science Lounge, DMNS’
after-hours program for adults.
Each show was broken up into four movements, with
each movement containing a musical lightshow consisting of a
performance of a song by the band, accompanied by a series of
on-dome visuals. The end of each song was followed by a recapitulation of the visuals that the audience had just seen, but
paired with a spoken narrative describing what the audience
had seen or was currently seeing. The goal of this performance
format was to create compelling immersive scientific
visualizations, which were shown typically twice to the audience.
The first part of each movement would provide an entertaining
musical-visual segment that could engage an audience via their
aesthetic and creative senses. The narrative that followed would
impart scientific information to an audience that was already
excited and interested by what they had seen and heard.
Although Bella Gaia also tries to combine music with science
education, its current incarnation devotes most of the live show to
the musical performance combined with the dome visuals. Any
science content has to be explained outside of the performance
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window. Other adult programs that involve music are available
for digital fulldome planetariums. However whether they are
pre-rendered (e.g., SonicVision from AMNH, Sounds of the
Underground from the Clark Planetarium) or partially real-time
(e.g., Metavista from Mediendom Kiel), these shows are
driven primarily by the music and accompanying visuals,
usually with little or no scientific content. We are not aware of
any other planetarium lightshow that combines in roughly equal
proportions science content with music to go with the immersive
dome visuals.
The Gates Planetarium
While the modern class of fulldome theaters dates back only
to 1999, the industry has grown explosively (Lantz 2006) with
now more than 600 theaters in operation worldwide (Neafus,
Bruno, & Petersen 2005). With technology derived in part from
virtual reality CAVEs (CAVE Automated Virtual Environments;
Cruz-Neira et al. 1993), fulldome theaters running astronomy
simulation software can re-create not only digital versions of
a traditional planetarium’s night sky view, but also the rest
of the known universe. Simulation software can also display
content from non-astronomical scientific and cultural disciplines
(Matthews 2005).
The Gates Planetarium at DMNS was renovated and converted
into a fulldome digital video theater in 2003. The theater is
equipped with a 16.9-meter diameter dome tilted at 25 degrees,
and has a seating area that accommodates 120 in stadium-style
rows of seats. Six edge-blended Projection Design F30 SXGA+
projectors tile the surface of the hemisphere to create a seamless
dome image. Unlike the concentric rows of chairs found in a
traditional planetarium, the audience in the Gates theater is
situated so that they face in the same forward direction. This
common focus allows for an enveloping and realistic depiction of
flight through space.
Although the Gates Planetarium opened with an SGI Onyx
graphics supercomputer in 2003, a subsequent renovation in
2007 resulted in a substantial upgrade to the projectors as well
as the image generation. The back-end is now provided by three
different visualization clusters, each consisting of individual PC
workstations networked together. Global Immersion’s Media
Server software runs on the first cluster, providing playback of prerendered fulldome movies. SCISS AB’s Uniview visualization
platform, a real-time astronomy simulation application, is
installed on the second cluster. A third cluster is devoted to the
in-house development of real-time Linux applications. For
Life Out There, the Phonic-FX music visualization software by
Nigel Jenkins/Nebulus Design was installed on this latter cluster.

seamlessly transition through multiple simulation scales. For Life
Out There, Uniview was used to show macroscopic features (like
the Cosmic Microwave Background and large scale structure in the
universe) down to human-scale objects like the Cassini spacecraft.
The astronomical simulations provided by Uniview could not
show the variety of content that was demanded by the Life Out
There storyline. As a result, several other sets of visual resources
were used. Global Immersion’s Media Server played back a prerendered animation clip showing the formation of the Moon via
an impact on the Earth from the Cosmic Collisions fulldome show
from the American Museum of Natural History (AMNH 2006).
Content that was not available in any fulldome format was shown
via supplementary PowerPoint slides projected onto the front of
the dome.
Finally the music visualization tool Phonic-FX was used to
provide more abstract imagery over the entire dome. Although a
variety of video jockeying (VJ-ing) tools exist and are utilized
in club and concert venues (D-Fuse 2006), they were developed
for a single computer sending video to a lone projector. None
are designed to run from visualization clusters found in large
fulldome planetariums. Many elements of traditional VJ-ing
also cannot be directly transplanted to planetariums: video clip
and live feed mixing is difficult to do in a cluster system; fast cuts
and strobing or flashing imagery can lead to motion sickness
in immersive displays; and fixed seating and shorter program
lengths mean very different experiences from those found in club
environments.
Phonic-FX however was designed originally with a multichannel projection system in mind; in fact, an early version of
it was first tested on the Gates Planetarium’s original SGI Onyx
(Neafus & Yu 2007). Phonic-FX visualizations are created
using the same OpenGL API that was used to build other 3D
graphics simulation programs that run in the dome. Hence the 3D
environment created by Phonic-FX will appear correctly projected
inside the Gates Planetarium.
Like other VJ-ing software, Phonic-FX accepts audio input.
The musical beat, amplitude, and waveforms of the incoming
sound stream can be used to drive specific effects within the
different visualization modules. Also like other VJ applications,
the user has control over parameters that define the look of each
module. However because the Phonic-FX visualizations consist
of 3D environments, the user has control over the virtual camera
and can navigate it through the music visualization, just as he
can fly through the astronomical visualizations in a planetarium
application like Uniview.
The Music and Visuals

Life Out There Visuals
Life Out There visuals consisted of a mix of real-time and prerendered immersive visuals that were shown fulldome, along with
static PowerPoint images projected via a single projector onto the
forward part of the dome. The majority of the real-time imagery
consisted of live flight through the Uniview virtual universe,
showing datasets from the Digital Universe project (Abbott
2006). Like other planetarium software, Uniview allows a user to

The House Band to the Universe assembled for the Life
Out There shows consisted of Matt Amundsen (drums for the
February 2010 shows), Rick Benjamin-Tebelau (trombone),
Merisa Bissinger (flute), Sandy Pryor (guitar), Dan Sjogren
(saxophone), Dane Terry (bass), and Dave Watts (drums for the
November 2009 show). Co-author David Grinspoon played guitar
and acted as the master of ceremonies for all of the narrative
segments. Except for the drummers and guitarists, the House
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Band to the Universe musicians were also members of the local
Denver jazz band Perry Wiesman 3. The visual segments flown
live in the dome with Uniview or Phonic-FX were controlled by
co-author Ka Chun Yu.

Show Description
Light Bubble: The first movement was conceptually about
the evolution of the Universe from the aftermath of the Big Bang
to the present day. Paralleling a journey in time was a passage
through space, with the virtual camera starting at the location of
the Cosmic Microwave Background as seen by the Wilkinson
Microwave Anisotropy Probe (WMAP), and then flying to the
present day location of the Milky Way. The flight path through
space-time towards the present resulted in the camera soaring by
quasars, through the cosmic web of large scale structure formed by
galaxies mapped in the Sloan Digital Sky Survey, and finally past
nearby galaxies including the local Virgo Cluster. Extragalactic
space transitioned to galactic space with the appearance of a
simulated z=0 halo of dark matter surrounding the Milky Way
from the Via Lactea project (Diemand et al. 2008). As the camera
neared, the cloud of dark matter particles faded out to reveal the
Milky Way galaxy visualized with a 2D texture from the Spitzer
Science Center, and a volumetric gas and dust model designed by
Toshiyuki Takahei at Orihalcon Technologies. The end of the first
movement concluded with a plunge into the Galactic disk past the
stars in the local solar neighborhood, before slowing and stopping
outside the Sun’s light-year diameter Oort cloud.
Trip to the Sun: The second movement began where the
first one left off at the interstellar edge of the Solar System.
Although the journey is eponymously centered on Sol, the theme
of the movement is on the formation of the planets and the
appearance of life. We did not have any real-time visualizations
to directly demonstrate planetary accretion, so this was hinted at
indirectly within Uniview. As the camera flew through the Oort
Cloud and approached the outer Solar System, a band of orbits of
trans-Neptunian objects was toggled on to represent the Kuiper
Belt. Other minor bodies inside Jupiter’s orbit were also turned
on as well as orbits representing the planets showing how the Solar
System today is filled with debris left over from its formation.
For a more concrete depiction of planetary accretion, we
transitioned to a pre-rendered sequence from the fulldome
planetarium show Cosmic Collisions (AMNH 2006) showing
the violent formation of the Moon from a collision between
the early Earth and a Mars-sized proto-planet. For the next
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sequence, no specific visualizations were again available to show
the origins and evolution of life. This theme was depicted using
abstract visuals in Phonic-FX, that were meant to be interpreted as
molecular evolution from amino acids to cellular structures. These
were complemented with overlaid PowerPoint slides depicting
life in its myriad forms. The end of the movement was a switch
back to the real-time Uniview system, with an orbital flight over
the Earth, and depicting the lush Nile River valley using Landsat
7 imagery. The camera was gradually pulled away from the Earth,
and flown towards the nighttime side so that city lights in the
Western Hemisphere became visible.
Water: The third movement focused on the importance
of liquid water as a universal solvent and molecule of life.
The music chosen for this segment was “Pidigori” by Thomas
Mapfumo. The beginning of this sequence started with a realtime simulation of the Solar System. It then transitioned to a
series of visualization modules in Phonic-FX that were meant to
give abstract symbolism to the importance of water in life. The
visuals mimicked the wave-like action of liquid water, as well as
the crystalline structure of ice. This was further supplemented
with more PowerPoint slides projected onto the dome showing the
role of water in biology.
Journey to Titan: The final movement hit upon themes
especially relevant to the NAI JPL-Titan team, by exploring
the Saturn system, to the tune of “Titan Haze” composed by Dan
Sjogren. This final sequence started with the camera several
hundred meters above the Denver Museum of Nature & Science
in City Park. The camera then launched itself into space, turning
around to see the receding surface of the Earth, and then
proceeding outward to space, with a short tour of the Jupiter
system (including its moons Callisto and Europa) before heading
to Saturn. The Uniview software was then used to create sped-up
simulations of Cassini’s insertion into the Saturn system, followed
by one of its flybys of Enceladus. In both cases, the camera
was attached to the spacecraft model so the audience could
follow along. The movement ended with flights to and around
Enceladus and Titan, giving the audience more time to view these
two moons (including peeling back Titan’s thick atmosphere to
reveal the surface features mapped by Cassini and the Huygens
probe). The slides and narrative portion of the movement focused
on the astrobiological potential in the Saturn system, including
water geysering from the south pole of Enceladus, and the unique
hydrocarbon cycle and pre-biotic conditions of Titan.
Audience Response
The audience feedback from the first November 2009 was
determined from written evaluations that were handed out to
the visitors as they walked into the planetarium. These were
to be filled out and mailed back in a self-addressed stamped
envelope. Only nine were returned, but all were positive. Under
the category of “Program Content” and based on a Likert scale of
1–5, the visitor response averaged 4.71 (five respondents gave a
ranking of 5, two respondents gave 4s). For overall experience,
the average was 4.67 (six gave 5s, three gave 4s).
When asked what they enjoyed most about the program, one
cited the visuals, one picked the lecture, and one visitor chose
the concept (“outstanding concept; brilliantly produced and

performed”). The other six responses praised multiple elements
of the production: “great blend of art and science … excellent
concept,” “the talk, music, [and] imaging were outstanding,” “the
blending of music and space,” “music and educational space light
show, echoes of big bang show.”

demographic (80.9%, 72/89), showing that the online marketing
attempt was successful.

When asked what in the program could be improved, only five
visitors gave explicit responses. Three wanted more information
(e.g., “a handout”), while one wanted “more lecture [and]
pictures, [but] less music.” The last visitor had a concern about
the theater environment (“planetarium chairs need to be oiled”).

From both the visitor surveys and informal interactions with
the public after each show, Life Out There appears to have been
very successful with our audiences. At least in the immediate
aftermath of The Science Lounge versions of the show, the
audience had learned and remembered something new about
astrobiology and the universe. Life Out There also offers a new
paradigm for presenting science content in the planetarium—
by combining aspects of a live musical lightshow with that of a
traditional lecture—which we are not aware of having been tried
anywhere else.

Conclusion

From these written responses as well as direct feedback
from audience members on the night of the show, Life Out
There was brought back on 18 February 2010 to kick-start The
Science Lounge, a new monthly evening adult program at DMNS.
Designed to bring in a younger adult audience into DMNS, online
and social networking media (e.g., Facebook, Twitter, and MeetUp)
was primarily used for the marketing. Each Science Lounge
would have a different theme, but would always include science
content, a social aspect via a cash bar and lounge-like atmosphere,
and entertainment. To provide learning and entertainment beyond
the fulldome music experience, DMNS’ Space Odyssey exhibit
was opened and manned by Visitor Programs staff that gave
demonstrations, led tours onto the Mars diorama, and guided
hands-on activities such as Make Your Own Alien. Two Life Out
There concerts were held that evening in the Gates Planetarium,
separated by an hour-long break during which visitors could
mingle with the performers around the cash bar. Surveys were
handed out at the beginning of each show, and visitors were
reminded to fill them out, with the further incentives of candy and
a chance at raffle prizes if they handed them back.
Ninety surveys were returned (Tinworth 2010). Over 90%
of the visitors (83/90) stated they had learned something new.
Topics that were still fresh in their minds included “Titan” (25.4%,
18/71), “the universe” (11.3%, 8/71), “methane” (11.3%, 8/71),
“life” (7%, 5/71), and the “moon” (7%, 5/71). Comments about
what they learned included “how large the universe is,” “I had no
idea Titan was so similar to Earth,” and “Moon names on Mars
are from Roman mythology.” When asked what aspects of the
program were most effective, the survey gave the visitor six
options. The responses ranked in order from most to least popular
are: the House Band to the Universe (68.9%, 62/90), “David
Grinspoon and Ka Chun Yu talking about life” (61.1%, 55/90),
the lounge atmosphere (57.8%, 52/90), exploring Space Odyssey
(40%, 36/90), the Make Your Own Alien Activity (28.9%, 26/90),
and tours of the Mars diorama (17.8%, 16/90).
As for visitor expectations, almost 70% (59/86) of those who
responded thought The Science Lounge was “much cooler” than
they had expected. Roughly a quarter found their expectations
met (22/86), while less than 5% (4/86) felt it was not as good of an
event as they had hoped. Most planned to return to future Science
Lounge events (83.1%, 74/89), with another 14.6% (13/89) stating
they might return. The Life Out There show (25%, 12/48) and
the lounge atmosphere (20.8%, 10/48) were felt to be the two
main reasons for the success of the program. The Science Lounge
was designed to attract a younger adult audience to DMNS
(i.e., 21–45 years). Four-fifths of those surveyed fell into that

The Science Lounge framework has also been successful in
attracting a younger adult audience than we have seen in other
evening planetarium events. For instance, the distribution of
age ranges at the February 2010 Science Lounge had two modes
of roughly the same sample size (20%) around 26–30 years and
41–45 years old. In contrast, the age range distribution for visitors
at a recent Digital Earth evening lecture (from July 2009) had a
strong peak at 56–65 years old (32% of the sample), while those
over 45 years old made up 60% of the total audience. As at
many other institutions, children on school trips make up a large
fraction of the visitorship during weekdays, while families with
young children are a significant audience on weekends. However,
the turnout for evening lectures tends to be a more affluent, older—
and often retired—crowd. Since its renovation and re-opening
as a fulldome theater, the Gates Planetarium no longer runs
laser shows, and the young audiences that they tend to attract. The
Life Out There-Science Lounge concept demonstrates one way in
which the young adult demographic can be increased while still
keeping the event’s emphasis on the science content.
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LECTURES
Ka Chun Yu
David M. Champlin
Deirdre A. Goldsworth
Denver Museum of Nature & Science
2001 Colorado Blvd.
Denver, Colorado 80205 USA
kcyu@dmns.org
Abstract: Public lectures on geology and global change using Uniview software have
been occurring bimonthly at Denver Museum of Nature & Science’s Gates Planetarium.
Surveys and interviews show that these talks are effective in heightening visitor interest in
the subjects weeks or months after the presentation. Many visitors take additional steps
to learn more, while one was so inspired that she actively worked to bring the same
programming to her children’s school. From such preliminary findings, we conclude that
fulldome real-time visualizations can have a substantial long-term impact on an audience’s
engagement and interest in science topics.
(DMNS) have had on the audiences that view them.
Introduction

The Gates Planetarium at DMNS

The digital planetarium industry has grown explosively
(Lantz 2006), with more than 600 theaters in operation
worldwide since the start of the decade (Neafus, Bruno, &
Petersen 2005). For this expanding market, multiple vendors
now sell astronomy simulation software that re-creates digital
versions of not just a traditional planetarium’s night sky view,
but also the rest of the known universe, including high fidelity
views of the surface of the Earth. In addition to running familiar
planetarium shows, immersive dome theaters are virtual reality
spaces suitable for education (Yu 2005), displaying content from
non-astronomical scientific and cultural disciplines (Matthews
2005), data visualization (Fluke & Bourke 2005, Emmart 2005),
tele-collaboration (Emmart 2005), and musical performance (Yu
et al. 2009).

The Gates Planetarium is a uni-directional fulldome theater,
with a dome tilt of 25°, and enough seating to accommodate 120
visitors (Neafus & Yu 2007). Renovations in 2003 and 2007 have
resulted in a current projection system consisting of six Projection
Design F30 SXGA+ (1400×1050 resolution) projectors, which
together tile the surface of the hemispherical dome with ∼9
million visible pixels. Three separate visualization clusters
(consisting of Hewlett-Packard xw8400 workstations with Intel
Xeon Quad-Core processors and Nvidia Quadro FX 5500 GPUs)
provide image content to the projectors via sets of intermediary
video switches. These include a Windows XP cluster for prerendered movie playback for daytime shows, a second Windows
XP cluster devoted to real-time visualizations, and a Linux cluster
for real-time applications and in-house software development.

The virtual universe software found in fulldome planetariums
often depict the Earth using imagery like NASA’s Blue Marble
(Stöckli, Nelson, & Hasler 2000) textured onto digital elevation
maps. The geospatial features of the digital universe programs
lag behind more well-known digital globes like Google Earth,
mainly because the focus of planetariums remain away from the
Earth’s surface. Yet digital planetariums offer their audiences some
unique benefits. Their status as theater spaces means large groups
can listen to a lecture or participate in a discussion. They can
have extremely high resolutions: the largest theaters have multiple
edge-blended projectors that tile the domed display with tens of
millions of pixels. They are also completely immersive: instead
of viewing the data representation through the narrow window of
a computer monitor, the audience member is surrounded by the
data inside the dome. A video fulldome planetarium may be the
best way for a large audience to intuitively experience a digital
globe. In this paper, we present the impact that immersive digital
Earth visualizations at the Denver Museum of Nature & Science

The first geological visualizations shown in this facility
were based on research done through DMNS’ Denver Basin
Project (Raynolds et al. 2007). Groundwater resources are scarce
in the area south of Denver. Studies of the geology of the region
indicate that the best aquifers are found in fans of coarse
sedimentary rocks deposited by ancient rivers flowing off the
Rocky Mountains from long vanished canyons (Raynolds 2004).
A three-dimensional model of the geologic layers below Denver
was built by DMNS geologists M. Dechesne and R. Raynolds in
ESRI ArcGIS using 25 existing published geologic maps and over
2000 geophysical well logs. These results were further translated
into new maps and cross-section diagrams, and shown to water
managers in field trips, workshops, and city council meetings. The
visualization of these aquifers and their changing water levels
has helped local resource managers in Douglas County, Colorado
better understand the distribution of finite water supplies, in an
area where the population is steadily increasing and is more than
90% dependent on groundwater.
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lecture was planned in advance, with stops at specific locales
around the Earth meant to highlight points of the topic for that
evening. However because the tour in Uniview was piloted
in real-time, there was flexibility in how the talk was actually
presented. Lecturer Raynolds could spend more or less time at
each location, deviate from the original plan to take side jaunts,
and take questions and requests from audience members.

In 2005, a three-dimensional model of the Denver Basin was
converted by Dechesne and author Yu into a format that could be
loaded into in-house real-time visualization software written for
a SGI Onyx 3800 that was installed in the Gates Planetarium at
that time (Neafus & Yu 2007). The model was shown in virtual
real-time tours for a DMNS geology class about the Denver
Basin and its water resources, and for a group of oil exploration
geologists in preparation for a field trip about the synorogenic
strata in the Denver Basin. The enthusiastic response from the
attendees of these events revealed the potential for the fulldome
planetarium to present compelling stories about geology in
visually striking ways to the public.

Visitor Reactions
The justification for the written visitor evaluations, as well
as an analysis of the results through the July 2009 Digital Earth
program is covered in the recent paper by Yu (2009). These
include written answers to the questions “What did you enjoy
most about tonight’s presentation?”, “What were the most
important things you learned tonight?”, “What did you like best
about the presentation being in the planetarium?”, and “How
could tonight’s presentation be improved?” From the October
28, 2008 lecture onwards, we also began to contact the visitor over
the phone for short oral interviews. One goal of these interviews
would be to assess whether the planetarium presentations were
able to increase a visitor’s interest in and motivation to learn more
about the topics discussed. To entice the visitors to participate,
we handed out one free planetarium ticket to each person who
handed back a filled out written evaluation, and two tickets to
those who also shared their personal contact information for a
future interview.

Digital Earth and Geography Goes Digital in the Planetarium
Based on the success of those early experiments, we worked
on a follow-up of regular lectures that would make use of the
Gates Planetarium’s visualization capability. By this time (early
2008), the DMNS facility was equipped with SCISS AB’s realtime visualization platform Uniview. Although its primary
function is to simulate a virtual universe, populated with catalogs
of objects based on three-dimensional astrophysical databases
(Abbott 2006), Uniview can also generate highly realistic
depictions of the surfaces of the Earth and other planets. Detailed
high-resolution satellite imagery are pulled from remote WMS
servers and then mapped onto topography of the surface created
from digital elevation maps. Using physics-based renderings
of the atmosphere including the effects of Rayleigh scattering,
Uniview can give a visually rich and realistic depiction of the
Earth at distances from deep space to hundreds of meters above
its surface.

Research has shown that the positive effects from museum
programs may occur long after the original experience by a visitor
(Anderson, Storksdieck, & Spock 2007). In our attempts to begin
to understand whether our live digital planetarium lectures can
have such a long-term impact, our telephone interviews were
intentionally undertaken many weeks, and sometimes months,
after the occurrence of the original lecture. The oral interviews
were conducted over the phone roughly 3 weeks after the lecture
for the attendees of the 28 October 2008 presentation; 8 weeks
later for the attendees of the 11 November 2008 presentation; 20
weeks after for the 13 January 2009 presentation; 11 weeks after
for the 10 March 2009 presentation; and 6 months after for the
7 July 2009 presentation. Forty-six visitors constitute the total
sample. The final group of participants contained a broad mix of
ages and genders. Only adults 18 years old or older were asked to
participate. Because we initially wanted an idea of how visitors
who were unfamiliar with the fulldome technology would react
to their experiences, we initially chose those who had stated
on their written evaluations that they had not previously seen
any live planetarium lectures that utilized Uniview. For the July
2009 group however, we decided to remove that restriction, and
hence were able to obtain feedback from those who returned, and
had a passion for the lecture series.

The same software had been used to generate real-time visuals
for a series of live musical performances in the planetarium (Yu et
al. 2009). One of the artistic goals in that previous event was to
mimic spaceflight as experienced by astronauts for the audience
in the dome. The positive response seen in the audience surveys
suggested that the same sort of virtual flights could be repurposed for informal education lectures on the geosciences and
other topics about the Earth.
Because loading externally created 3D models was still
difficult in Uniview, the new lecture series would not focus on threedimensional subsurface models, but would concentrate instead
on visible surface features that highlight geological principles.
External WMS servers, including Near Earth Observatory (NEO)
and OnEarth from NASA, were accessed to stream composite
imagery from Landsat 7, the General Bathymetric Chart of the
Oceans (GEBCO), and data from the MODIS sensors from the
Aqua and Terra satellites. Additional global geospatial datasets
were loaded via Uniview’s KML support feature.

The interviewees were contacted by phone or email the week
before to make sure the visitor still agreed to the interview, and
to set up a time and date to be contacted by telephone. Each
interview lasted 5–10 minutes. The interviewers (co-authors
Champlin and Goldsworth) followed a scripted set of questions,
and typed each subject’s responses into a word processor file.

Appearing at roughly bi-monthly intervals, six lectures, called
Geography Goes Digital, were given in 2008. Since 2009, the
lecture series was re-titled Digital Earth and have continued
to appear on a semi-regular basis. The main themes were
primarily in geology and geography, but these subjects were often
tied back to global change, and how such topics affected people
directly and indirectly. The itinerary for each 60+ minute long
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[59 days after lecture]
Remembering the Lecture
Information about the tectonic plates and the different
names for different types of geological movement—those
were the basic points. And that he decided to tell the story
of highest [and] lowest points of each of the continents. [81
days after lecture]

As would be expected for the question “What do you
remember learning from the lecture?”, answers from respondents
who had seen the lecture recently were more detailed than those
separated by months from the experience. Participants who
attended the 28 October 2008 talk (on natural hazards such as
volcanoes, earthquakes, and tsunamis) were interviewed 23 days
after the talk and were able to remember specific locations that
were flown over during the lecture:

All the different faults and how even though they’re
similar in some ways, how different they are. What’s going to
happen from them. [140 days after lecture]

Really one of the things that stand out that was incredibly
useful to understand was the way Java and Sumatra were
shown in an oblique perspective; and the volcanoes; and
the way the islands were juxtaposed with the western coast
of America. [The geology of the plate movements were
contrasted between Indonesia and North America in the
lecture.]

I remember we … followed the Amazon through the
rainforest, through Brazil and how it came out of the highlands
… We also looked at the rivers over the Nile, the Blue
Nile, and the White Nile, and how those rivers came together.
[6 months after lecture]
Even when the main subject or the details of the talk were not
recalled, the visitors tend to have strong impressions of the event
based on what they had seen (as opposed to any specific piece of
information that they had heard in the talk):

Volcanoes in many places on the Earth, [the] Pacific
Tsunami, Africa, Alaska West coast from Canada down
through United States, South America.
[Interviewer:
Anything else?] Cities, populations developed around areas
vulnerable to having earthquakes, mountains that were going
to go ‘pop goes the weasel.’ It was very frightening.

First of all it was a marvelous capability, looking at
our Earth and understanding the environment, including
atmosphere and climate, and based on that what kind of
foliage there was. I was amazed how much is barren across
the globe; has very little foliage, very stark environment.

Even when the visitor could not explicitly remember
individual place names, the content of the lecture was still vivid:

So many things, it’s hard to answer. The way you see
different things and how you could understand how the
geography moves around and how things were happening.
Easy to follow.

A lot about plate tectonics, geography, cities and their
relation to geographic structures. Small snippets of other
info that I have been remembering when I hear about
various cities, I can’t remember any examples specific at
the moment.

I think what most impressed me was that it gave me a
sense of connectedness and breadth of geography that we saw
in our fly over particularly of north Africa. To get a sense
of the expanse was more important than any one bit of info.
The topics were interesting and helpful and the identifications
too, but the breadth [was most important]. Got a real visual
sense of the geography; of where it was desert or where there
were populations.

Hmmm ... I can’t remember what country we were
looking at, but I was surprised by the number of volcanoes.
And with the amount of population around them. That was
the major thing: that there were so many people living around
those volcanoes.
As should be expected, the recollections for the presentations
separated by a month or more were less distinct and more vague.
Sometimes the interviewee could remember some details about
the general topic (in these cases about different challenges people
around the world have in finding fresh water; the highest and
lowest points on each continent; faults and earthquakes; and
rivers):

Visitor interest in lecture topics
We wanted to gauge visitor interest in the topics discussed in
the talks: “Did you become more interested in any of the topics
covered in the lecture as a result of the talk?” For visitors who
did become more interested, we also wanted to know, “Have you
done anything to learn more about these topics since the
lecture?” The number of visitors who attended the five lectures
who answered in the affirmative to these two questions is tabulated
in Table 1.

Wow, tons of things. We learned about in the
environment and the US being affected by different
atmospheric conditions—the weather and all. Being able
to see all the different locations was very impressive—like
going on vacation but being intelligent at the same time. [58
days after lecture]

The subject matter of each talk was unfortunately rarely
determined early enough to get mentions in marketing materials.
Visitors came to each lecture aware of only the title of lecture
series (Geography Goes Digital or Digital Earth) and the brief
description of the lecture series: “With Yu as your driver and

I think I remember it was a tour of Africa and the
features; what caused the features, like climate change, how
it affects tributaries, the water supply, and the ecosystem.

98

Raynolds as your guide, you will embark on an amazing tour of
Earth from the vantage of a satellite in space. Gates Planetarium’s
digital projection system delivers stunning visuals. You’ll never
take the same ride twice, as Yu and Raynolds present a new
tour for each program.” Thus visitor interest in the lecture topic
was not influenced by any advertising before the presentation.
However it is likely that a selection bias resulted in visitors who

were interested in the planetarium or who had heard and liked
previous talks by the speaker.

Table 1: Visitor Interest
Date
Subject
			
			
			
28 Oct 2008 Natural Hazards
11 Nov 2008 Water Challenge
13 Jan 2009 Long Faults
11 Mar 2009 High and Low Points
7 Jul 2009
Rivers

Became More Interested in the Topic
“Did you become more interested in any
of the topics covered in the lecture as a
result of the talk?”
8/9 Yes			
10/10 Yes			
5/7 Yes			
5/7 Yes				
8/13 Yes				

Learned More Later
“Have you done anything to learn more
about these topics since the lecture?”
2/9 Yes
7/10 Yes
2/7 Yes
4/7 Yes
5/13 Yes

In one case, not only did the talk leave a strong impression on
a visitor based on how much she remembered (when interviewed
59 days after the talk), but it also fostered a personal behavioral
change:

Those visitors who tried to learn more about a topic did so
with the resources available to them. This included hardcopy
books like atlases and encyclopedias, but also Google Earth and
online resources:

The Sahara—how it had changed and the desertification.
Iran and Iraq are supposed to be lush, and you could see
the canals that they used [for transport] and now they are no
longer able to use them; they’re silted in and the soil going
out—that’s happening now because of the way the we’re
killing the soil ... the method of farming, the soil is turned
over, the wind takes it away. We do more and more to get
a crop and do more and more damage. It’s defeating. ...
Actually, we’re recycling more.

Yes, I came home and looked over all the National
Geographic atlases to see the places that were talked about.
Yes, I actually started reading a bunch of earth science
books—like encyclopedias and things—that we have at home.
I’m a Google Earth fanatic ... revisited those places from
different perspectives on Google Earth. Had conversations
with other friends to let them know about the show ... invited
people to the shows. We [he and a friend who also attended]
reflected on it as we climbed Mt. Democrat day before
the election. While atop Republican peak, looking at the
landscape, having a good view, reflected back on that evening
and talked about the points the geologist talked about.
Online, [Google] ... I’m interested in active [volcanoes]
in Hawaii and the possibility of the super volcano in
Yellowstone, Wyoming. I’m just fascinated by Yellowstone. I
didn’t know that there was the possibility of volcanoes there.

However the visitor that we have discovered with arguably
the most impact from the Digital Earth lectures was a woman
Beth (not her real name). After seeing multiple lectures, she later
signed up to a DMNS-sponsored geology field trip in summer
2009 by canoe that was also led by lecturer Raynolds. After
getting to know Raynolds, Beth invited him to lecture to her
children’s elementary school classes. This was followed up by
organizing two field trips for classes at the school to visit the
Gates Planetarium during the school day and experience special
Digital Earth lecture hosted by Raynolds and the author. The
first of these was for fifth grade classes that recently completed
a unit on Asia, and they were led on a geography and geology
tour of Asia (9 November 2009). This was followed by all of
the third grade classes visiting to learn about Africa, which they
had also recently covered in school (21 January 2010). Author
Yu did not even learn that the inspiration to bring Digital Earth
style content to Beth’s children’s elementary school was rooted in
past evening Digital Earth presentations until Beth was randomly
selected to be interviewed, and she revealed all of this information
to the interviewer.

Oh yeah; came right home and Google Earth’ed the areas
that were covered.
The lecture sparked slightly more long-term interest in some
attendees, leading one participant to keep up more with a current
news topic:
The thing I’ve been keeping in my head was when we
were floating over Somalia; you could see ... the news media,
they don’t cover anything of any consequence. Just local
news—if it rains if it snows—but nothing of consequence.
But like the pirates, [Raynolds] pointed out where they were
and as a result I’ve been keeping up with that. When you
hear more about that you have a better sense of where that is
and what the struggles of those people are. I’m starved for
news of what’s going on over there.
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Comparisons to Google Earth
The attendees of the July 2009 lecture were asked a set of
additional questions about Google Earth in their interviews.

Google Earth is likely the one application the audience would
be familiar with which is also similar to a feature in Uniview.
Given that Google Earth can be freely downloaded and installed
on a computer and experienced in the comfort of one’s home, how
does it compare to a planetarium lecture that requires a fee to
attend, and also demands time and effort to travel to?
Of the ten visitors asked about Google Earth, all ten responded
that they were familiar with the software. When asked “What
do you like about the planetarium presentation better than Google
Earth,” all of the responses were very similar to each other:
“I think that having someone narrate a path … [is]
certainly helpful. If you’re just zooming around in Google
Earth, you don’t know exactly what you’re looking at.”
[Having] a guided tour, with a theme, by a knowledgeable
person who could kind of help us interpret what we were
seeing, was able to take us from one side of the planet to
the other … So he was able to make it more informative
and understandable than me just looking at Google Earth by
myself.
… I can go look around Google Earth, I have no clue
where I’m looking at, you know.
I’ve played with Google Earth once or twice. But the fact
that it was in the planetarium, it was a larger screen, you could
understand it better. And instead of trying to manipulate it
yourself, somebody else was manipulating it, and knew what
they were doing. It was a lot more helpful.
For the visitors, a guided tour like Digital Earth was
universally seen as being more educationally valuable—more
“informative and understandable”—than attempting to explore
Google Earth by themselves. When they were asked “What
do you like about Google Earth better,” a typical reply was
that Google Earth had better imagery (“I was expecting some
more high resolution pictures on Digital Earth because of my
experience with Google”), or its ability to handle current events
(“Google Earth does wonderful work with maps on the news, and
you know, like, in the event like the Haiti earthquake, Google
Earth just had wonderful information”).

volition, and without being encouraged to by the speaker.
One participant was affected enough to engage in changes in
her personal behavior. Answers to follow-up questions about
the value of the fulldome planetarium tended to re-iterate the
responses seen from the written evaluations: the large immersive
display of the venue added value to the presentation. Based
on the substantial visitor survey data reviewed for this paper
(300 written evaluations and 46 follow-up oral interviews), live
lectures with digital globe software in a digital planetarium appear
to be powerful tools for teaching and engaging the public about
complex topics that involve a global focus.
Topics related to climate change can be controversial for
U.S. audiences, since there is a perception among Americans that
global warming is still controversial among climate researchers
(Krosnick et al. 2006). We see this reflected in the negative
comments seen in two out of the 37 total written comments in
the evaluations for a lecture that touched on this topic (“... a bit
less politics;” “the political bias was overwhelming”). It is our
intent in the future to explore how digital fulldome planetariums
can be used to engage audiences in politically-charged topics
like climate and global change. Other informal educational
experiences have been shown to not only motivate people to learn
more about science, but to lead to long-term attitudinal changes
(NRC 2002). Whether large-scale immersive visualizations
of digital globe data in digital planetariums can affect similar
modifications to visitor attitudes and behaviors with regards to
climate change is as yet an unanswered question.
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was in the minority, but significant (20 out of 46 interviewed, or
43%). However these few participants were still engaged enough
by the lectures that they sought out further information of their
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STUDENTS TEACHING ASTRONOMY WITH REAL-TIME TECHNOLOGY (START): RESULTS
FROM A TEEN SUMMER PROGRAM
Ka Chun Yu
Greg Mancari
Dan Neafus
Denver Museum of Nature & Science
2001 Colorado Blvd.
Denver, Colorado 80205 USA
kcyu@dmns.org
Abstract: Although planetariums shows are viewed by hundreds of thousands of school
children annually, students are rarely ever handed over the controls of the dome and
allowed to create and present a show of their own. In Summer 2008, we decided to do
just that by enlisting five teenagers who over a two-month period, wrote, produced,
and eventually gave their own live real-time presentation for the digital fulldome Gates
Planetarium. Their tasks were accomplished with little adult assistance. We discuss
the recruitment process, program development, and lasting effects that the experience
had on the teens.
Introduction
The ease of use of much real-time astronomical visualization
software has made it possible for audiences in fulldome
planetariums to view and learn about astrophysical datasets, and
to experience fly-through simulations of the Solar System, our
Milky Way, and extragalactic space. Such software can also be
a powerful tool for collaborative learning for students because
of how quickly one can learn to use such applications, the ease
with which shows can be constructed, and the similarities of such
real-time virtual environments to video gaming technology that
students are likely to already be familiar with. We at the Denver
Museum of Nature & Science (DMNS) were therefore interested
in expanding the use of the real-time tools that ran in our Gates
Planetarium, and seeing if teenagers could be taught to use such
programs to create their own planetarium shows.
What eventually became the START (Students Teaching Astronomy
with Real-time Technology) project began with a discussion with
Martin Howe, CEO of Global Immersion Ltd., in Fall 2007. This
was followed by a subsequent visit by him to DMNS and further
talks in February 2008. By that time, Global Immersion had
partnered with educators and astronomers to create an outreach
program for schools in the South of England that placed SCISS
AB’s Uniview visualization platform in the hands of 14–15 year
old students (Nicholas & Baleisis 2009). The students were paired
up and tasked to create a 10-minute planetarium program on
extrasolar planets, with the eventual six teams competing against
each other in a final “Space Confidential Competition.”
Our initial discussion with Global Immersion was about partnering
with them for a similar program in Denver since we also were
using Uniview in our dome. However due to the unique situation
at DMNS, we quickly realized that we would have to create our
own separate project. Due to the lack of personnel, we would not
have the resources to create a new program that would involve

students from multiple schools. Not only would such a scheme
require communicating with teachers and science coordinators
at the schools far in advance to plan the event, it would require
still more effort to create a timetable that would accommodate
the academic schedules of the students (often centered around
standardized testing in the spring); to determine learning goals that
would be consistent with national and state education standards;
to ensure that each school had the proper computer equipment to
run the visualization software; to install the software on multiple
machines at multiple locations; and to train staff and students.
For our pilot project, we felt that it would make more sense to start
small and have an undertaking that was based at DMNS. Since
we had been licensing Uniview for less than two years at that
point, we wanted to see how it would perform in such a project,
and how stable it was for use by ordinary middle and high school
students. We were also interested in how the software operating
in combination with other Gates Planetarium technology could be
utilized by non-professionals.
Other concerns were related to the participating students. We
wanted to make sure that students who joined were committed to
the project and able to see it to its conclusion; that parents were
also supportive and invested in seeing their children succeed; that
the students could stay focused, and not feel overwhelmed by the
demands of the project; that the students had enough time to devote
to their project; and that the timeline for the students to complete
their work was reasonable.
Beginning START
On 28 March 2008, we posted a job description through DMNS’
Volunteer Department for a “START Teen Developer.” The primary
tasks were to learn how to use the planetarium and the Uniview
software, to develop a topical presentation using Uniview, and to

102

present this before a live audience in the Gates Planetarium. The
position was open to students in the 8th–12th grades (roughly ages
13–17). Since we wanted to get this pilot project up and running
quickly so that students could start that summer, teens already
volunteering at DMNS were targeted for recruitment. Six students
applied and were accepted after sending in an application, writing
a short essay on why they wanted to be involved, and after being
interviewed by author Mancari. They were Isabella (age 12 at the
time), Christine (age 13), brothers Nick (age 13) and Mitch (age
16), and brothers Andy (age 15) and Ian (age 17). Although Nick
was a volunteer in DMNS’ Space Odyssey exhibit, his brother
Mitch was not. The rest of the teens volunteered at DMNS in
different capacities. Several of the students had skills and interests
that were aligned with the project: Mitch was interested in computer
graphics; Nick had astronomy as a hobby; and Christine had a
theater and performance background. The other three students
did not have any significant interest in astronomy, computers, and
presentations and joined START as “ordinary” teens. (Note that all
of the names have been changed.)

and gather information on the topic, prepare a script, and start the
show production process using the Uniview software. The final
project phase was preparing for and giving the presentation in the
Gates Planetarium.

After the interviews were completed in April 2008, the START
project began in June of that year, and continued until 14 August
2008, when the students made their presentation in the Gates
Planetarium to family and friends. After the initial training
session, the group met for nine weeks, usually on Thursdays
4:30–6:30 p.m. The only break was during the week of the IPS
2008 conference which was attended by the authors. Mancari was
the staff person responsible for running the project and actively
engaging with the students each week. He was helped in this by
Brian Novak, a volunteer from DMNS’ Space Odyssey exhibit,
and who had previous experience mentoring teenagers.

Production started with Ian and Nick working on the research
into the topic of light, Andy and Mitch tackling production with
Uniview, and Isabella working on the script. At this time, Christine
had missed multiple weekly sessions. After the presentation theme
had been settled and production had started, she finally showed
up, with new show ideas in hand. However in the discussions that
followed, it was clear that the ideas were from her mother and not
her. When told that she could not use these ideas because they
were from an adult, Christine thought that she was unfairly ganged
up on by the staff mentors. She subsequently quit the team and the
project less than a month before the final live presentation.

In addition to being installed on two separate graphics clusters that
provide visuals to the Gates Planetarium (Neafus & Yu 2007), the
Uniview software can also run in a standalone mode on any desktop
or laptop machine running Microsoft Windows (XP and higher).
For training and development purposes, we installed Uniview on
three computers that were available in a workspace underneath the
Gates Planetarium. It was on these that the students were trained
in during an initial 90-minute instruction session, and also where
they did the majority of their development work.

Pre-production took up the first three weeks. Everyone was
encouraged to brainstorm and come up with three ideas each.
They would be discussed within the group and the final show idea
would be decided by the START teens as a group. Mitch submitted
six ideas initially (after the first one he brought up was dropped
because it had originated from his father). Being an older teen
in the group, Mitch was dominating, and at first tried to force
everyone else to accept one of his ideas. However over the course
of the pre-production period, he eventually learned to work with
the rest of the group to reach a consensus. The final story idea
about light came from brothers Andy and Ian. The group decided
to accept some of Mitch’s ideas and they were incorporated into
the final story, which helped to reduce tension between Mitch and
the others

The START production continued with the remaining five teens.
Isabella was encouraged to be the final scriptwriter for the show.
The initial writing tended to be full of jargon that the students
had picked up from their research. We suggested to the students
that they should adopt a more casual style in their script, and
to make sure that the explanations were layperson friendly and
understandable by a 5th grader.

Show Development: Process and Problems
It was emphasized to the START teens that the planetarium
presentation that would conclude their project was to be
entirely created by them. They were to generate the idea for
the presentation, and follow through with the research and work
that would be required to create the show. Although supervisors
Mancari and Novak were available to help with training, answer
questions, and give feedback and suggestions, the START teens
would be responsible for deciding on the theme of the show and
all aspects of the production. In fact, it was emphasized that no
adults—including parents—were to have a decision-making role
in the actual production.
The START timeline was laid out to the group. Pre-production
would involve brainstorming and deciding on a show topic
by group consensus. This was followed by a research and
development phase where the teens had to perform library research
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including learning to speak in front of an audience, and acquiring
a tremendous amount of astronomy knowledge despite starting out
feeling that she was far behind the other students.
Five of the six original teens were already volunteering at DMNS
when START began, while the sixth, Mitch, was brought in because
of his brother Nick’s involvement. Since then, Isabella, Christine,
and Nick are still actively volunteering at DMNS. Andy and Ian
were student volunteers assisting educators in the DMNS Spring
Workshops. They were not planning to continue with their work
in the Workshops, but the START experience made them change
their minds.
In addition to the Uniview flight that was performed live, the
presentation also included PowerPoint slides projected onto the
dome. Ian recorded and edited a background musical soundtrack to
be looped during the presentation. The START teens also repeatedly
rehearsed their show in the final weeks, including coming in on a
Sunday when technical problems during their normally scheduled
time and day in the planetarium prevented them from practicing.
The final presentation in the Gates Planetarium occurred for
roughly 25 friends and family of the START teens. There was
one final practice run-through of the show on that day. The final
presentation to the crowd went smoothly, with the workings of
the software and planetarium technology invisible to the audience
except for the visuals on the dome. The presentation was almost
perfect except for a slightly rushed delivery of the script. All five
START teens participated in the presentation, with two speaking,
two performing the Uniview flights, and one operating the lighting.
The show ran about 12 minutes in length and was extremely well
received.
Effect on the START teens
At the end of the START project, the teens showed proficiency in
the use of the Uniview software for show development, as well
as understanding and using the other technology in the Gates
Planetarium to make their final presentation. Although the
students were not tested on their knowledge of astronomy after
the project, their research and script writing showed that they had
learned enough about the topics to be comfortable explaining
electromagnetic radiation and light travel time to an audience.
Forcing the START teens to work as a team also proved to be
beneficial. The interpersonal skills of the students increased over
the course of the project. More outspoken members of the group
had to learn to take into account others’ perspectives, and to accept
compromise. Members of the team who were quieter and less
outgoing learned to stand up for themselves when confronted with
opposing viewpoints. The START project resulted in collaborative
teamwork among the group to accomplish a goal with a fixed
deadline, a set of critical skills that would be important for these
teens in any workplace that they would enter in the future.
These conclusions are echoed in an essay written by Isabella,
nearly two years after the START project. When asked about her
thoughts on the program now, she wrote that “teamwork is a skill
I had struggled with before … I feel I am able to work much more
effectively in a group.” Isabella felt she gained other benefits

Final Thoughts
The group dynamic of the production team was unexpected. As
one of the older teens, Mitch tried to dominate the group initially
although he eventually worked together with everyone else.
As brothers, Andy and Ian worked well together, and had few
disputes. Most of the group was quite vocal, and always spoke
up when they had an idea. Two were quieter and more deliberate.
After Christine left, Isabella was the only girl left in the group,
and was the youngest as well. She tended to stay quiet, and when
asked about this, replied that she was worried about asking a stupid
question in front of the others. Mancari spoke with her at the
halfway point of the project, to try to make her more comfortable
and feel less awkward.
Except for the two pairs of brothers, the START teens did not know
each other before joining the program. There was not time during
the program to socialize or get to know one another (although
there was nothing to stop the students from socializing with each
other outside of DMNS). Because they were forced to collaborate
together—albeit on a project that they had all voluntarily agreed to
be part of—the teens eventually were able to work effectively as a
team, with everyone committed to the same goal of finishing and
delivering their final presentation.
At the beginning, it took roughly three weeks for the START teens
to get focused on their work. This initial difficulty was mainly due
to the students trying to choose a topic for their presentation. It
was part of the adult mentors’ tasks during this time to make sure
that the students did not feel overwhelmed by their work. This
suggests that were we to repeat this program again, instead of
giving the teens free reign to choose whatever topics they wanted,
it would be better to limit their options instead and give them a
handful of choices to pick from.
Another improvement to a future incarnation of START would be
to have smaller groups. Having many team members was useful
since it brought together more skills and ideas, and it forced the
teens to acknowledge differing opinions while working together.
However in the end there was not enough for all five remaining
members to do during the presentation. Having smaller teams of
no more than four people in a group, and increasing the number
of groups could be a more effective way to give a satisfactory
experience to each teen involved.
Finally for the authors, the completion of START showed
that Uniview was stable and easy enough to be used by non-
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professionals. Some problems with the software were found during
the course of the project, and they were relayed to the developers.
Most importantly, merely by providing Uniview for the students to
use, we showed that they could teach themselves with it, and were
empowered to make discoveries on their own with the tool.
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ABSTRACTS OF ORAL PRESENTATIONS
FOR WHICH NO TEXT IS AVAILABLE

Mayan Hieroglyphs and 2012
Jeremy Amarant
SAGE Planetarium, USA
jsamarant@palmdalesd.org
We will take a philological look at the Mayan Calendar and examine its relevance to modern astronomy. In their
own words, we will explore the Mayan Calendar and their relevant texts in order to prove that the world will not
end on 23 December 2012. We will examine Koba stela 1, Tortuguero (Taratuguero monument 6, Quirigua Stele
C, Copán St. 23, the Palenque Tablet of Inscriptions and a few others to see how it began and where it was going.
Best of all, we will understand the meaning of “‘ak ‘ot!”

The Importance of Planetariums and Astronomy Competitions to the Ministry of Education
Mona Ahmed Anber
Kuwait Science Club, Kuwait
monaanber@hotmail.com
This paper will focus on the contribution of astronomers in the installation of planetariums at schools and their
importance to students and teachers, in order to raise awareness and interest in the field. That is in addition to
organizing competitions to enforce the importance of astronomy and space, as well as the role of the Science
Club concerning this issue. The paper will also discuss the number of planetariums in Kuwait, focusing on the
most important and most effective. It will then shed light on people who are not interested in the field due to
lack of knowledge and specialty.
Worldwide Planetariums List
Daniel Audéon and Lionel Ruiz
APLF - Planétarium de Nantes, France
daniel.audeon@mairie-nantes.fr
A tool for the global community of planetariums. A visual list to locate each planetarium by continents, countries,
regions, cities on Google Earth or Google Maps. Individual fact sheets, photos of your facilities, strategic
informations, sizes, projectors system etc. Free, open to all, quick updates by e-mail, instant access to Google
Earth or web site. Statistics about geographic, manufacturers or brands distribution.
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Extending the International Year of Astronomy into the Future
Marvin Bolt
Adler Planetarium, USA
mbolt@adlerplanetarium.org
The International Year of Astronomy 2009 brought historic and modern astronomy to public audiences in exciting
ways. Based on experiences at Chicago’s Adler Planetarium, we will look at exhibitions, images, and resources
that planetariums can use to continue the excitement for years to come.

Also Small Planetariums Go Digital
Lars Broman and Per Broman
Teknoland, Sweden
Lbr@teknoland.se
During the last few years, all-sky video has been increasing affordable also for small and mobile planetariums.
Especially in combination with an opto-mechanical projector, both first-class educational and entertaining
programs are available. As an example, the planetarium at Backyard Cosmos, Vamhus, Sweden with a 5 m textile
Eurodome and equipped with both Warped Media all-sky video and a Starlab Fiberarc projector will be presented.

Real-World Image Capture in Full-Dome Format on a Budget
Tony Butterfield
Houston Museum of Natural Science, USA
tonyb@hmns.org
A continuation of an IPS2008 presentation demonstrating a “wide eye” camera design and how it compares to a
fisheye method of video capture. Showing how different filming locations would benefit from one method over
the other. An overview of price versus the different methods used. A great way for future film-makers to put their
projects on the dome.
Real-time Immersive Interaction in Fulldome
Tony Butterfield, Carolyn Sumners, Adam Barnes, and Annette Schloss
Houston Museum of Natural Science, USA
tonyb@hmns.org
From an elegantly-rendered Temple of Horus to a tropical jungle filled with Mayan ruins, audiences explore
realistic virtual worlds in real-time on the dome using the Unity 3D engine. These environments and adventures
are generated real-time, not pre-rendered or pre-scripted. Research is on-going about how to modify computer
controls, to navigate through the full-dome virtual environment without getting dizzy, and to keep audiences in
control without being at the controls. Initial simulations include a detailed interior space and a large outdoor
environment. Applications range from a unique tilted dome kiosk to the fulldome planetarium theater.
The Makings of “Journey to the Stars”
Carter Emmart
American Museum Hayden Planetarium, USA
carter@amnh.org
“Journey to the Stars” is the fourth and most ambitious space show ever attempted at the Hayden Planetarium.
Over 40 scientists contributed data to be visualized to tell the story of what stars are and how they work. Production
process from data to scripted, educational show content will be presented.

107

Listening and Learning from Visitors for a Better Planetarium and Planetarians Performance
Enrique Fonte
Ecosistemas de México, Mexico
enriquefonte@prodigy.net.mx
Institutions and science and technology communicators must be open to allow visitors to share local knowledge
and experiences in order to find out what they lived during their visit meant. To reach this target we need to build
a strategy which considers different approaches, depending on visitors’ profiles. A clear visitor typology might
help. This dynamic interactivity between an institution and its visitors will have a stronger impact in their area
of influence, improving science communication performance for a better understanding of our universe and our
biological and social environment as it impacts our lives every day.
Building a Planetarium in Austin Texas: an Update
Torvald Hessel
Austin Planetarium, USA
torvaldhessel@gmail.com
Austin is the largest city in the United States without a planetarium or science museum. Since 2003, Torvald
Hessel, Founder and Executive Director, has been working to change this. This talk is an update about this
exciting project.
Astronomy Education for All
P. Iyamperumal
Tamilnadu Science and Technology Centre, India
tnstc@md5.vsnl.net.in
There are many unscientific believes about celestial events. Scientific enquiry minds have to be developed among
people, especially children. Astronomy is the oldest of all sciences and still it is fresh and inevitable in the minds
of common people. Many questions arise about how astronomy influences human life or decides future. Through
planetariums, many mysteries on celestial events creating fear can be removed. Developing astronomy education in
and around the area will rate more ambassadors to cater to the needs of the society.
Fulldome Live Capture: Why We Need It, How We Get It?
Tom Kwasnitschka and Tim Florian Horn
kwasnitschka@allsky.de
With the maturing of digital full-dome technology come the possibilities to include live captured content in serious
productions. In the light of broad aesthetical possibilites, several technical challenges still have to be overcome.
The workflow using actual cameras is similar to big budget movie production and has not been embraced by
established fulldome producers yet. First of all, the expectations of the audience have to be investigated since the
comparison to the movies or formats like IMAX is an ever present issue. Some classical topics of fulldome shows
may be more fortunate for live capture than others, while it may also be possible to address entirely new thematic
fields. This panel will address some of the circumstances under which live capture can be a valuable addition to
the range of fulldome media.
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HAYABUSA
Tadashi Mori
Media in Corporation, Japan
mori@media-i.com
The relationship of an asteroid explorer Hayabusa project and the Internet with a planetarium program
“HAYABUSA -Back to the Earth”.

Compositing for Spherical Environments
Antonio Pedrosa and Marco Silva
Navegar Foundation, Portugal
apedrosa@multimeios.pt
Tools to produce content for spherical environments are presented, that enable the user to edit the content of both
image and video. They take care of the details of the projection on a spherical space, like a planetarium dome,
taking in account a set of transformations that the content has to go through. A dedicated output master projection
was included in order to cope with projection systems using spherical mirror. A set of astronomical capabilities are
included, to place astronomical contents in its true location. To speed up rendering times, GPGPU acceleration
was implemented.
Rethinking the History of Astronomy; Lessons I Learned from the IYA in the UAE
Marc Rouleau
Higher Colleges of Technology, UAE
marc.rouleau@hct.ac.ae
How a Western-educated planetarian took a job in the Middle East and learned there is much in the history of
astronomy before Galileo took his first look through a telescope. A brief account of some of the discoveries made
by Islamic scientists prior to the Renaissance, and a challenge to the West to tell the stories of the astronomers and
mathematicians from the Islamic empire.

Astronomical Concepts and Myths
Fathi Saleh
CULTNAT, Egypt
salah.nah@gmail.com
In this paper we show how the perception of mankind of the cosmic structure has developed throughout the ages.
Parallel to this, humanity has always associated constellations with their religious myth. We follow this stream
of astronomical presentation of myths starting from Pharaonic myths to Greek myths, until we reach the artistic
presentations of old Greek myths by Arabs in their illuminated manuscripts.

DomeView - A Virtual Planetarium
Marco Silva
Navegar Foundation, Portugal
marco@multimeios.pt
Acting like a hub, DomeView is a software tool that enables users to preview multiple videos/inputs on a virtual
dome on a regular PC. Along with previewing, DomeView is also able to distort all the content in real time to
project with Single/Dual Fisheye and Spherical Mirror systems.
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NASA Earth Stories for Planetariums
Jim Sweitzer and Cathy Sweitzer
Science Communications Consultants, USA
sweitzer@sciencecomms.com
NASA’s Earth-observing satellites have been providing important data to Earth scientists for decades. These satellite
images can be used to visualize Earth’s systems in planetariums. NASA sought a partnership that would enable
easy and effective use by planetariums of all sizes. The result is a pilot program entitled “CSI NASA: The Case of
the Red Tides.” This presentation will track the development of the program from initial research to testing with 7th
and 8th grade students. Learn about how you might use this new resource to visualize the earth and to demonstrate
how real scientists solve climate questions.
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