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A Message from the Conference Chairman
When looking back on the feverish activity surrounding the opening of IPS 2000 in Montréal, I can only
admire the work accomplished during that memorable week. The success of IPS 2000 is due to the efforts of
the staff of the Planétarium de Montréal and the members of the various committees in charge of conceiving the Conference programme; the valued financial support of our sponsors; the exhibitors who came to
demonstrate their latest innovations; and, of course, the delegates themselves.
Each and every one of these entities deserves our most sincere thanks for their enthusiasm and participation. As the Conference chairpersons have done before me, I wish to extend my gratitude to all the delegates
who offered their comments regarding the organization of IPS 2000: thank you for your words of encouragement.
IPS 2000 now dwells in the past. I hope that these Proceedings will bring back fond memories of the Conference. Thanks to Marc Jobin for his editorial work.
Pierre Lacombe
IPS 2000 Organizing Committee
Planétarium de Montréal
March 2001

A Message from the IPS President
Dear IPS members,
At the IPS 2000 conference in Montréal, we shared our ideas and achievements in paper sessions and panel
discussions. Now the pages of these conference Proceedings give us a permanent record of this wealth of
presentations. Special thanks to Marc Jobin for an outstanding job of editing the many texts into this superb
document.
At its 1999 meeting, the IPS Council adopted a proposal by the Officers that Proceedings of our conferences
should be sent to all members as a free benefit of membership.
We are proud to put this new policy into practice with the distribution of the IPS 2000 Conference Proceedings. Use them to discover or rediscover the many wonderful papers presented in Montréal.
With proceedings now reaching all members, we trust that the benefits of our conferences will spread more
widely than ever. We trust too that we have enhanced the value of your IPS membership.
Sincerely,
Dale W. Smith
IPS President, 1999–2000
Martin Ratcliffe
IPS President, 2001–2002
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Note from the Editor
Dear fellow planetarians,
These Proceedings are a collection of written articles which were submitted to the Papers Committee. As
such, they represent a permanent record of some 81 papers out of the 100-odd oral presentations, posters,
workshops and panel discussions that transpired during the four days of the IPS 2000 Conference. I wish to
thank the various authors for their contributions.
Papers have been grouped in broad categories; within each category, papers are presented in alphabetical
order according to the name of the first author. Exceptions to this rule are: closely related papers which can
be found back-to-back, and panel discussions which are gathered at the end of each section. The definition
of the categories and the subsequent classification of each paper are the sole responsibility of the Papers
Committee, which regrets any departure from what may have been anticipated.
Some papers have been edited for clarity. Differences in usage, especially between US and British (or Canadian!) spelling, have been left unaltered. However, for the sake of uniformity, the editor has revised the
punctuation within these Proceedings to conform with the rules prescribed in The Canadian Style: A Guide to
Writing and Editing. Revised ed. Toronto: Dundurn Press Limited, 1997.
Opinions expressed in the papers are those of their respective author(s) and do not necessary reflect those
of the IPS, its elected representatives or members of the Local Organizing Committee. Mention of product
names or trademarks does not represent an endorsement of said products by the IPS. Unless otherwise indicated, all illustrations were supplied by the author(s) of the respective papers.
The editor wishes to express his deep gratitude to Louie Bernstein for his outstanding job proofreading
these Proceedings. Thanks are also due to my colleagues from the Papers Committee, Pierre Chastenay and
Nathalie Martimbeau, for their support. And finally, I wish to thank the IPS Council and members for their
patience during the preparation of these Proceedings: I only hope that the final product will meet your
expectations.
Enjoy!
Marc Jobin
Astronomer
Planétarium de Montréal
March 2001
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Project Astro-Utah: Astronomers in the Classroom
Richard S. Cox
Administrative Manager: Education, UMNH / Hansen Planetarium, Univ. of Utah, 15 South State St., Salt Lake City, UT 84111-1590, USA
Phone: +1 (801) 531-4926 Fax: +1 (801) 531-4948 Email: richard.cox@m.cc.utah.edu

Project Astro is an NSF-funded program out of ASP, created to team professional and amateur astronomers with classroom teachers.
Brought to Salt Lake City in 1997 by the Clark Foundation, Project Astro-Utah is the largest of 11 expansion sites across the USA.
Astro-Utah is designed to do three things: 1) provide Utah 6th grade teachers with access to an astronomy expert to help them
teach astronomy concepts; 2) provide Utah students with an experience with a ‘real’ scientist; and 3) give professional astronomers
an experience with young students. Astro-Utah includes 25 partnerships, reaching 1000 students each year. Our emphasis is not
to reach the most students for the least amount of money, but to provide a truly enriching, rewarding and memorable experience
for students and teachers. The purpose of this paper is to expose other planetariums to the potential for similar local programs.
The first activity of this test project was to tell students that
they were going to meet an astronomer in a few days. But
before meeting that astronomer, the students were to draw a
picture of what they thought an astronomer looked like and
what an astronomer does. You see, everybody knows what a
doctor looks like; and a policeman, a fireman, even a lawyer
is a common persona to the average elementary school student. But a scientist… an astronomer?
This image was the result of one student’s perception:

Table 1. National Project Astro Sites
• San Francisco, California, out of the ASP
• Boston, Massachusetts: Smithsonian Astrophysical Observatory and
the Boston Museum of Science
• Southern New Mexico: The Space Center
• Central New Jersey: Raritan Valley Community College
• Chicago, Illinois: Adler Planetarium and Astronomy Museum
• Connecticut: Wesleyan University
• Tucson, Arizona: National Optical Astronomy Observatories
• Ohio (Toledo, Cincinnati, and Cleveland): Ohio Aerospace Institute
• Seattle, Washington: University of Washington
• Michigan: Northwestern Michigan College
• Salt Lake City, Utah: Hansen Planetarium

Drawing by Abe Patino, Vae View Elementary School

Project Astro-Utah

Project Astro
Project Astro is an NSF-funded program created by the
ASP to bring professional and amateur astronomers into the
classroom.
This innovative program, under the careful direction of
Andy Fraknoi, began in the San Francisco Bay area in 1993,
and has now expanded across the United States to include
11 sites (Table 1). These 11 sites meet once a year to discuss
the current state and future of Project Astro nationally.
ASP has now stepped back to let this budding national
organization develop their own structure and chart their
own future.

Project Astro was brought to Utah in 1997 by a local foundation, the Clark Foundation, which was interested in science
education in the schools. Hansen Planetarium, along with
4 amateur astronomy organizations and 5 colleges and universities, and the Utah State Office of Education, joined the
Clark Foundation to build about 30 partnerships between
astronomers and school teachers.
I am presenting this paper, not as a salesman for Project
Astro or the ASP, or even as a requirement of my employment at Hansen Planetarium; but simply as a participating
astronomer-partner who has reached an unexpected level of
personal satisfaction through long-term interactions with a
classroom and their teacher.
For nearly a dozen years now I have interacted with school
groups the same way most of you probably have: either for
about an hour in the planetarium theater, or at the school
in an assembly, classroom presentation, or evening star-gazing session. All of these are great ways to do my job, collect
my paycheck, use telescopes that I could never afford to buy
myself, and collect the praise of my many adoring fans. But
these are all short-term, one-time contacts.
Project Astro has allowed me to realize much more. Project Astro teams a professional or amateur astronomer with
a school teacher. Not a school, not one grade level within
a school, but solely one classroom and one teacher. In fact,
many teachers jealously guard ‘their’ astronomer.

IPS 2000 Conference Proceedings ✹ 13

Education and Outreach
Workshop
Project Astro-Utah begins each year with a 2-day workshop
where teachers and astronomers meet. The purpose of the
workshop is to build or renew partnerships, exchange ideas
and information, and begin the planning process of visiting
the classroom. Astronomers are trained that the teacher is
in charge of the classroom. Teachers are taught that the visiting astronomer may be very nervous, but has wonderful
information to share and a passion for the sky to instill in the
students. Working together, the astronomer, the students,
and the teacher will all benefit from this experience. Indeed,
students look forward to the next visit by ‘their’ astronomer.
Indoor/Outdoor activities
Astronomers commit to visiting the classroom at least four
times during the school year. These visits will include presentations, demonstrations, indoor and outdoor activities,
and whatever else the partnership of teacher and astronomer decide. Teachers agree to prepare the classroom, assist
as needed, and maintain control while the astronomer does
his or her best to share a little of their love for astronomy,
with a group of students, in an environment with which they
are probably completely unfamiliar.
Activities include:
• scaling the solar system on the playground or down a safe
street;
• modeling lunar phases and eclipses;
• making meteor craters in boxes of flour;
• making a comet out of dry ice, dirt and other common
substances;
• observing the sun with telescopes; and even
• holding a class star party in the evening.
ASP’s handbook, The Universe at Your Fingertips, was put
together for Project Astro. I’m sure many of you are familiar
with this huge collection of classroom activities, whether or
not you knew they were associated with Project Astro.
The first visits are stressful, nerve-racking, and rocky at best.
But over the course of the school year, astronomer-partners,
like me, begin to realize why school teachers endure their
career choice—the absolutely wonderful feeling of watching
a group of kids learn to love and appreciate something new,
something they might otherwise have never experienced.
In the Utah model, this partnership exists for three years.
Yes, the students will change every year, but during this
period the astronomer will develop a set of skills and abilities
that they might not otherwise have. They talk with students.
They work with students. They see excitement in students’
eyes. They may internalize an understanding that the endresult of their research is in the future of these students.
The teachers will be given a wealth of materials and information and activities that no one-day or one-week seminar
or workshop could possibly provide. Books, charts, posters,
models, and other teaching aids are a very important part of
this project. Once the astronomer is gone, the teacher must be
able to continue the process of not only teaching, but developing an appreciation for the subject. By this long-term relation-
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ship with an ‘expert’, they build an armament of knowledge and
tools and confidence to teach astronomy and space science.
And the students get an incredibly enriching experience
as they learn more and more about what an astronomer is
and does. A scientist is no longer the recluse in the white lab
coat with messed up hair, who hides in a laboratory of expensive, complex and alien equipment. The scientist is now an
average person who laughs, plays, smiles, and even makes
mistakes when working with a group of kids.
The Utah program sees at best 1000 students each year.
A mere drop in the bucket when compared to the 400,000
students in Utah. Yet those students are shown doors to the
future, doors which may or may not have ever been opened
or even seen.
Fundraising
We have successfully funded this program locally, selling it this
way: not how many noses get counted for your corporate dollar,
but how deeply can we climb into that nose, up the nostrils,
and into the brain of the few that do benefit from involvement.
Funds raised cover material costs, workshop costs, transportation and miscellaneous expenses. Neither teachers nor
astronomer-partners are paid for their participation. Astronomer-partners work out release time from their employers,
and we have had great success in getting employer support
for participation.
There is no longer NSF funding in place to support additional Project Astro sites, but new sites are always welcome.
You can learn more about this program via ASP’s website
(http://www.aspsky.org). The Project Astro manual, The Universe at Your Fingertips, is an excellent resource for teachers
and planetarium educators, whether or not you are involved
in Project Astro.
The ASP is now moving forward with Project Astro, the
next generation, which is called Family Astro. Family Astro
takes the mentor and partnership philosophy of Project
Astro to the Family and community. Astronomers, planetarium educators, and others alike are being invited to participate in this project. The plan is to develop a number of
family kits that will be prepared with family-oriented activities for learning basic astronomical concepts. The slate is
bare, any and all ideas are welcome.
Getting involved
Many of us do not directly interact with our primary audiences. When our theaters, classrooms, and demonstration
areas are full of kids, many of us choose not to be visible.
Others may wonder why their help is “not needed at this
time, but thanks for the offer”.
For those who would like to get more involved in the K-12
educational side of astronomy but don’t know how, or feel
too nervous to ask, Project Astro, or some local program of
similar design, is a wonderful way to get involved. I urge all of
you to explore any available opportunity to spend some time
sharing your love of the sky through a long-term relationship
with a group of students in your own home town.
✹
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Educational Planetarium Program for Children of 3 to 5 Years
By the members of group “amazones” (in alphabetical order):
Reiko Funayama1, Hiromichi Gan (m.)2, Takayo Hasegawa3, Hiroko Iwagami4,
Junko Onoda5, Hiroko Takahashi6, Mariko Takahashi7
1

Shonandai Culture Center Children’s Museum, Cosmic Theatre, 1-8 Shonandai, Fujisawa, Kanagawa 252-0804, Japan
Phone: +81-466-45-1500 Fax: +81-466-45-1503 Email: funa@kodomokan.fujisawa.kanagawa.jp
2
Hiratsuka City Museum, 12-41 Sengen-chou, Hiratsuka, Kanagawa 254-0041, Japan
Phone: +81-463-33-5111 Fax: +81-463-31-3949 Email: hgan@ba2.so-net.ne.jp
3
The Shiroi Community Culture Center, 1148-8 Fuku, Shiroi-machi, Imba-gun, Chiba 270-1422, Japan
Phone: +81-47-492-1125 Fax: +81-47-492-8030 Email: shiroi-0003@mvc.biglobe.ne.jp
4
Member, Japan Planetarium Society, 7-201, 4-43 Ooka, Minami-ku, Yokohama, Kanagawa, Japan
Phone: +81-45-721-6824 Fax: +81-45-721-6824 Email: hiroko_iw@amy.hi-ho.ne.jp
5
Machida Tokyu Department Store, Star Hall, 6-9-7 Haramachida, Machida, Tokyo 194-0132, Japan
Phone: +81-427-28-2217 Fax: +81-427-28-2217 Email: PEB04774@nifty.ne.jp
6
Sendai Astronomical Observatory, 1-1 Sakuragaoka-koen, Aoba-ku, Sendai, Miyagi 980-0823, Japan
Phone: +81-22-222-6694 Fax: +81-22-216-4464 Email: hiro@astro.city.sendai.jp
7
Yamanashi Prefectural Science Center, 358-1 Atago-machi, Kofu, Yamanashi 400-0023, Japan
Phone: +81-55-254-8151 Fax: +81-55-240-0168 Email: mariko@kagakukan.pref.yamanashi.jp

In hopes of producing better educational planetarium programs for pre-schoolers, children’s notion of space and cognition of time
and space have been studied. This study mainly involved the following two methods:
1. Interviewing children in kindergartens;
2. Sending questionnaires to teachers in kindergartens.
We interviewed 112 five-year-olds asking for their thoughts about heavenly bodies. Children’s thoughts on the size and distance of
the heavenly bodies are both scientific and unscientific. To probe children’s cognition of time and space, we sent questionnaires to
77 kindergarten teachers. It is shown that most children recognize space in relation to their daily life; very few of them have any
ideas regarding the distance to things in the sky. Based upon the results of this study, we are planning to produce a planetarium
program and evaluate its effect on their understanding.
1. Introduction
Many planetariums have special programs for pre-school
children in Japan. Because scientific instruction for kindergartners is limited, what children should be taught in the
planetarium has been little discussed.
It is important to know children’s notion of space, their cognition of time and space as well as their interests for discussing “What children should be taught in the planetarium?”
For this purpose, we have studied children’s cognition of
heavenly bodies, time and space by interviewing children
and teachers in kindergartens. Based upon the results of this
study, we are going to produce a planetarium program for
young children and evaluate its effect on their understanding.
2. Methods
2-1. How to interview and ask children
We prepared a questionnaire about heavenly bodies and
directly interviewed 5-year-old children, a senior grade of
kindergarten. Interviews were conducted in two ways: asking
“all children” in a class or grade at a time, and interviewing
“small groups” of 5 children.

It is easy to ask “all children,” but children’s opinions tend
to be influenced by the kid who has a loud voice! A better
approach is interviewing and asking “small groups,” to find
out children’s individual thoughts carefully; however, it is
more difficult to collect many samples.
Table 1 shows a list of questions to children. During the
interviews with “small groups,” we also asked “Why do you
think so?” for each question.
Table 1. A list of questions to children
1. Have you ever seen the sun and the moon?
2. What color and what shape is the sun and the moon?
3. Which is bigger, the sun or the moon?
4. Do you think that the moon changes into various shapes?
5. Which is further away, the sun or the moon?
6. Which is further away, the moon or stars?
7. Where does the sun go, when the night comes?
8. Does anyone live on the sun?
9. Does anyone live on the moon?
10. How can you get to the moon?
11. What would you want to do if you could be on the moon?
12. Please draw with crayons, “the sun and me” and “the moon and me”.
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2-2. The questionnaire to teachers
We sent out questionnaires to teachers of kindergartens and
nursery schools. They communicate with children every day.
The purpose of this survey is to understand children’s interests and their cognition of time and space. Their gender and
age differences are also surveyed. Table 2 shows a list of the
questions to teachers

Table 2. A list of questions to teachers in kindergartens
1.
2.
3.
4.
5.

What kinds of games do your students like to play?
What kinds of picture books do your students like?
What aspects of nature are your students interested in?
At what level do your students recognize time?
At what level do your students think of the world in 2 dimensions
(on the surface of the Earth)?
6. At what level do your students think of space in 3 dimensions?

Figure 2. A sample of a girl’s drawing to the question 12 in Table 1.

3. Results
3-1. Interviewing and asking children
We asked the questions to “all childen” in 17 kindergarten
or nursery school classes. Each class has about 30 children.
Interviews of 22 small groups (122 children in all) were done
in two other kindergartens.
Selected results concerning children’s notions of size and
distance of heavenly bodies are shown here, since there are
too many to show them all.
Concerning question 3, 80% of children answered that
the sun is bigger. Many of them said “Because the sun has
radial lines on the edge” or “Because the sun is dazzling.”
Figure 1 shows the results of children’s answers for questions 5 and 6, “Which is further?”. Most of the children
seemed to make a guess at the answer to question 5, comparing with the sun and the moon. On the other hand, 70%
children answered “Stars are much further than the moon”
at question 6. 20 out of 112 children answered “Because
stars look much smaller than the moon.”
Figure 2 and Figure 3 show samples of children’s pictures

Figure 3. A sample of a boy’s drawing to the question 12 in Table 1.
“the sun and me” and “the moon and me.” We can see children’s image of the sun and the moon. Children generally
seem to think that “The sun is red, round and dazzling,” “The

Which is further, stars or the moon?
6%

Which is further, the sun or the moon?
6%
2%
24%
52%

40%

Why the sun?
It seems to be.
It is in space.
It is shining.
No idea.

Sun
Moon
The same
No idea

Why the moon?
The moon is smaller.
It is in space.
It appears at night.
No idea.

Figure 1. Children’s answers to questions 5 and 6 in Table 1
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70%
Why stars?
They are much smaller.
They are in space.
They twinkle.
No idea.

Stars
Moon
No idea

Why the moon?
It seems to be.
No idea.
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At what level do your students recognize time?

g) they can recognize
the length of a year as
a feeling

a) they can say
what time it is now
100%
80%

a') they can recognize
what time it is now

60%
f) they can say
their birthday

b) they can say
"yesterday", "today",
"tomorrow"

40%
20%
0%

ing,” “daytime,” and “night.”
It is shown in Figure 5 that ﬁve-year-old children can
understand the distance from home to kindergarten. Question 6 asks how children understand the distance to the sky,
space and heavenly bodies. Most teachers answer that it is
too difﬁcult for children to understand them: the distance in
two dimensions is relative to things the children have experienced in their daily life, while the distance in three dimensions is not.
At what level do your students think of space in 3 dimensions?

b') they can recognize
"yesterday", "today",
"tomorrow"

e) they can recognize
spring, summer, fall,
winter
d) they can recognize
when is the morning,
noon, evening, night c') they can recognize the
days of the week

a) they think that "the sky is near"
80%
g) they can recognize the
direction where the sun
rises and sets

c) they can say the
days of the week

60%

3 years old
20%

4 years old
5 years old

0%
c) they think that
"space = the sky"

f) they can recognize
four directions

Figure 4.
moon has 3 shapes, round, crescent, and a half moon,” “The
moon is yellow and appears at night.” As Figure 2 shows, a
child’s clothing with the sun is different than that with the
moon. Many children draw a similar picture. We can see a
child’s usual daily life in the daytime and at night in the
picture of Figure 3. These indicate that children generally
seem to consider that “the sun appears at daytime, the moon
appears at night”.
For questions 8 and 9 (“Does anyone live on the sun or on
the moon?”), 80% of children answered “No,” concerning the
sun. Concerning the moon, 49% answered “No,” 24% answered
“Some rabbits:” in the Japanese tradition, people generally say
that rabbits live on the moon because of the apparent pattern
of the moon’s surface. This tradition seems to have much inﬂuence on children’s perceptions about the moon.
At what level do your students think of the world in 2 dimensions
(on the surface of the Earth)?
a) around myself
100%
80%
g) foreign country

60%

b) around my house

40%
20%
0%
c) to the neighborhood

f) Japan

3 years old
4 years old
5 years old
e) near town

b) they think that
"the sky is very far"

40%

d) to the kindergarten
or nursery school

Figure 5.
3-2. The answers of teachers
We collected answer sheets from 77 teachers. Figures 4, 5
and 6 show the results from questions 4, 5 and 6 in Table 2.
We can see the development of children’s cognition of time
and space with age.
Concerning time, they seem to recognize at least “morn-

3 years old
4 years old
5 years old
e) they can recognize the
distances of heavenly bodies

d) they think that "space
is further than the sky"

Figure 6.
4. Planetarium program
We have just created the outline of the story for the planetarium program based on the result of our study. Actual production of the program is now getting under way.
The topic adopted for the story is a total solar eclipse, since
the sun and the moon are the ﬁrst objects which children
recognize as being in the sky. The characters in the story are
the sun, the moon, stars and children. The heavenly bodies
are personiﬁed to let children get into the story emotionally.
In the story, children are asked how to get darkness during
daytime to ﬁnd out stars. Children try to cover the sun with
several things found in the sky such as clouds, airplanes and
birds, but in vain. They ﬁnally ﬁnd the moon and see a beautiful solar eclipse. This process to ﬁnd something to cover
the sun leads the audience to consider the size and distance
of heavenly bodies.
What the story tells the children indirectly is:
• the moon is round even if it appears of various shapes.
• the moon and stars exist even during daytime.
• the sun and the moon look almost the same apparent size.
• there are very mysterious and beautiful phenomena in
this world.
5. Summary
We have studied pre-school children’s notion of heavenly
bodies and cognition of time and space by interviewing children and by asking teachers in kindergartens. It is shown
that children have various notions including scientiﬁc and
unscientiﬁc thoughts. The results of this study are applied to
a planetarium program. We plan to evaluate it by investigating children’s understanding after watching the program. ✹
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Activities for Big Audiences
Alan Gould
William K. Holt Planetarium, University of California, Lawrence Hall of Science #5200, Berkeley, CA 94720-5200, USA
Phone: +1 (510) 643-5082 Email: agould@uclink4.berkeley.edu

Many small to medium size planetariums already realize the value of audience participation in creating a lively, entertaining, and
educationally valuable experience in public shows as well as school shows. Many big dome planetarians are also aware of the value of
audience participation, but cannot imagine it working in their large-size theaters. This workshop is to explore strategies for effective
audience participation in big domes. In the big dome of the Planétarium de Montréal, try out activities in horizon astronomy, recording astronomical observations, and constellation identification. With these examples to trigger our creative juices, be prepared to
design your own big dome activities!
One of the questions planetarians have faced in the past
couple of decades is, “Can we compete in the ever accelerating world of dazzling movie special effects?” One area in
which movies can never compete is in the realm of audience
participation.
The tradition of audience participation in planetarium
shows goes back a long ways. Even in the venerable “lecturer under the stars” style, the lecturer was live and could
respond to questions from the audience, though the extent
to which a lecturer would encourage questions was often
minimal.
Acoustics of large domes are excellent, so the presenter
and audience being able to hear an unampliﬁed voice from
the audience is not a problem, as long as the person speaks
up loudly. Of course, “speaking up” in a large group is an
intimidating prospect for many folks, so it is good to learn
tricks and techniques that encourage people to ask questions or to answer questions. To encourage questions, simple
invitations can be used:
• Does anyone have a question at this point?
• Are there any questions that come to your mind?
• Feel free to ask a question if you think of one. Since I
cannot see everyone very well, just say out loud, the word
“QUESTION” if you would like to ask something, and that
will be my cue to say “Yes, there is a question?”
We have developed many audience activities at the Holt
Planetarium in Berkeley, some of which are published in
the 12-volume Planetarium Activities for Student Success (PASS)
series. Some of these activities involve a “hands-on” element,
using objects handed out to each visitor. For example, the
best way to learn why there are phases of the Moon is to
see the effect from Earth’s perspective in a Sun-Earth-Moon
model.
In PASS volume 7, Moons of the Solar System, a light bulb is
a model Sun in the center of the planetarium, with a shield
over it so it does not cast light on the dome, but only sideways towards the audience. In a small planetarium, the presenter can hand each visitor a small white polystyrene ball as
a model Moon.
Each visitor’s own head is their model Earth. Moving the
model Moon around your own head is a vivid illustration
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of how phases
happen. Children
as young as 6
years old enjoy
this
activity,
though it is likely
that mostly children over 8 years
old really begin to grasp the concept and
full understanding of the cause of phases
for many people may not occur until middle school. The
activity is effective at various levels for all ages of visitors.
In a large planetarium, handing out items to each visitor
is usually not an option. However, demonstrations can be
effective, especially with volunteers from the audience. In
the case of the Moon phase modeling, Chabot Planetarium
in Oakland, California successfully used a video camera to
demonstrate the moon phase modeling activity. The “Earth”
volunteer holds the video camera pointing at the model
Moon as it circles. The live camera image is projected onto
the dome so that everyone can see the Moon from the Earthcentered perspective which is the most important element of
the model. This sort of video demonstration technique could
apply to other activities that involve props that would normally be handed out in a small planetarium.
A lot of our activities involve paper and pencil
to record observations. For example, in Moons
of the Solar System, each visitor analyzes the
movement of one of the Galilean moons each
night for 9 nights by recording the position on
paper, just as Galileo did. From their records,
they can deduce the periods of the moons and
see a relationship with orbit radius. A similar
series of observations is done in our Mysteries
of Missing Matter program, in which the audience keeps track of the movement of Uranus,
and notes a discrepancy leading to the discovery of Neptune.
A big dome can accomplish such “paper and pencil” activities in a couple of ways. One strategy is to make it demonstration mode. The audience observes and directs the
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presenter what to write on a single, whole-audience, projected data sheet. Projection can be by overhead projector or
computer input videoprojection, with live input by the presenter.
Another strategy for “paper and pencil” in big domes is…
paper and pencil! To write on paper, visitors need a stiff surface which can be a clipboard hung by each seat, or the
paper itself can be folded cardstock that is easy to write on
even without a clipboard. The logistical problem of how to
get the paper and pencil into the hands of the visitor can be
solved by
a. keeping materials near the seats, e.g. in holders attached
to the seat backs, or
b. making a small gift along with the ticket purchase: a paper
“program” sheet and a “gift pencil,” maybe even with the
planetarium name on it. People are used to getting paper
programs with show events, so the paper part would not
be unusual to them and the 25-cent gift would be good
promotion.
Happily, many of the best activities involve no hands-on props at
all. They are more in the nature
of “eyes-on” (observations) and
“minds-on” (analysis) activities.
Several of our programs have sections in which visitors mark the
rising and setting objects on the
horizon. In very small domes,
visitors can each get a horizon
marker and walk over to the horizon to place their marker. In a
big dome, the horizon may be
pre-marked in sections using a
simple panorama projection that
divides the horizon into sections:
North, Northeast, East, etc. There can be ﬁner divisions also:
North Northeast, Northeast, East Northeast, East, etc.
One of the most fun and enlightening activities involves
the audience observing a sunrise, marking the sunrise position on the horizon, then predicting where the Sun will set.
In a big dome, they can predict in which section of the panorama-projected horizon they think the sunset will occur. A
push-button voting system or even simple raising-of-hands
voting system can be used effectively to get a sense of what
most of the audience is guessing. It is usually a big revelation
to people that the Sun does not necessarily set on the exact
opposite position on the horizon from where it rose.
In the program Constellations Tonight, PASS Volume 5, each

audience member gets a simple star map of the current sky
and learns how to use it to ﬁnd constellations. When the
show is over, the visitor has learned a skill with a tool to
take home, so they can ﬁnd the constellations in the real
sky. In small planetariums, the audience is divided into small
groups with speciﬁc constellation-ﬁnding assignments. Each
group then uses a battery powered light pointer to show
their constellation to the rest of the audience. Can you think
of a strategy for a star map activity in a big dome?
One strategy is to create a sort of multiple choice system,
with small numbers projected onto each constellation. Give
the audience star maps with their admission. To verify if they
have found a constellation, you can ask, for example, “Which
number is in the constellation Leo?” Again, a push-button
vote system or raise-hands voting can work just ﬁne. Another
helpful strategy in explaining how to use star maps is to project a star map onto the dome, while explaining the steps in
using it.
Another interesting activity is in our program Target
Earth, where the audience estimates the frequency of large
impacts on Earth by counting the number of large craters in
the lunar maria, using some simple assumptions and a little
arithmetic.
• Moon rock samples collected by astronauts have shown
the maria to be about 4 billion years old,
• The Earth’s surface area is about 80 times the surface area
of the visible maria.
• Assume the Earth was, by proximity to the Moon, exposed
to the same type of asteroid or comet encounters, but
Earth was more likely to be hit since it is bigger.
So multiplying the number of craters counted in lunar
maria by 80 give the number of impacts on Earth in that
4 billion year time period. Divide 4 billion years by the
number of impacts on Earth to get average number of years
between impacts.
As you can see, there are many possibilities for audience
participation in large theaters. I invite all large planetarium
people to share ideas for big dome large audience activities.
I offer to act as a clearinghouse—a sort of “Big Audience
Activities Users Group.” Any new ideas that are offered will be
posted on the PASS website http://www.lhs.berkeley.edu/pass/
AST300.html, under “News and Updates” for PASS Volume 1,
Planetarium Educators Workshop Guide. Send me your contributions to post!
✹
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Getting the Word Out: Writing Astronomical Press Releases
Jim Greenhouse
Planetarium Curator, Mark Smith Planetarium, The Museum of Arts and Sciences, 4182 Forsyth Rd., Macon, GA 31210, USA
Phone: +1 (912) 477-3232 x111 Fax: +1 (912) 477-3251 Email: jgreenhouse@masmacon.com

What’s the use in putting together a top-notch public planetarium show or observing session if no one comes to see it? Even if your
facility does not produce programs, the responsibility for interpreting information about space for a local community usually falls
upon the nearest astronomy educator. Learn some tips about how to get your information noticed amid the flood of announcements
that media outlets receive. Find out how to convey that information so that it is accurately relayed to the public. Some strategies
for working with your organization’s public relations personnel will also be discussed.
My college experience working in television and newspapers
has given me some insight into what kinds of press releases
get noticed and what kinds can be ignored. I also had to ﬁnd
a way to get accurate astronomical information to the public
without duplicating the work of my institution’s public relations department.
Here are some problems that can cause a press release to
be misinterpreted or disregarded:
• written too long; confusing; too technical;
• sent too far in advance of the event;
• sent blindly; not addressed to a speciﬁc person.
Even in medium-sized markets, media outlets can receive
scores of press releases every day. Reporters are busy people
constantly working under a deadline. Releases that are too
long and hard to understand can be quickly tossed. Information that is sent months or weeks in advance can give the
media time to plan; but, since reporters are human, they
sometimes lose data that they have to keep for too long. Also,
if a release is not assigned to someone, it may go unattended
until it’s too late.
I was letting the media seek me out for information on
eclipses, meteor showers, comets, and unusual planetary
conjunctions. Then, it was brought to my attention that
well-meaning but misinformed members of the media were
giving inaccurate astronomical information. I also noticed
that some of the information that was being sent by the
public relations personnel at my institution suffered from
some of the ﬂaws listed above, and sometimes no information at all was being given when other museum events took
precedence.
I decided to ﬁnd a way to educate the local mass media
about astronomical events, not to promote my institution,
but just to give accurate information to the public. I decided
not to give my information sheet the label “press release” so
that it might stand out from the sea of information ﬂowing
into stations and publications. I also did not want it to seem
like I was competing with my institution’s public relations
personnel.
I designed a one-page form that I decorated with stars in
an attempt to make it more noticeable. I decided to make the
print large so that faxed copies could be easily read and to
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force myself to make the information I wrote as simple and
concise as possible. I named it the Astronomy Advisory, and
it contained the following sections:
• the date of the release;
• the name of the person that should receive the release;
• a listing of the basic information, including the date and
time, of an astronomical event;
• information that explains the science behind the event;
• contact information for additional information.
I’ve made it a point to get the names of media employees
that I meet during interviews. I made a media contact list
that included all of them plus the meteorologists at the television stations, since they are the ones that usually report on
events in the sky.
When I know that an important event is approaching, I
type the information into the Advisory form, create one for
each of my media contacts, and fax them out about two to
three days before the event.
The ﬁrst one I sent was about a lunar eclipse and comet
Hyakutake in the sky the same night in April, 1996. I then
listened to the radio and television stations and looked
through the newspapers to see if the information was relayed
accurately. In many cases, my advisory was read or printed
verbatim. Everything I noticed was accurate and complete.
We had a special viewing the night of the event. I was
anticipating about 100 people, the standard crowd for an
astronomical viewing at the museum. That night, almost 600
people came to see the eclipse and the comet. Also, all of
the local television stations and newspapers sent reporters.
I considered the increased audience and publicity to be a
fringe beneﬁt from the advisory.
Astronomical Advisories have been sent out for most major
sky events ever since. The crowds for special viewings have
increased along with the average attendance to regular
nights in the observatory. I have noticed very few inaccuracies in local reports about events in the sky. Also, the new
public relations director at the museum told me that she
really appreciates the information that I prepare.
✹
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Extra! Extra! Writing Astronomical Columns for Local Newspapers
Jim Greenhouse
Planetarium Curator, Mark Smith Planetarium, The Museum of Arts and Sciences, 4182 Forsyth Rd., Macon, GA 31210, USA
Phone: +1 (912) 477-3232 x111 Fax: +1 (912) 477-3251 Email: jgreenhouse@masmacon.com

Writing an article for a local newspaper or magazine is an effective way of delivering accurate astronomical information to the public.
It is also a good way to keep yourself up-to-date on what’s happening in the sky. Find out how to work with local publications to get
your work printed. See how to structure your writing to convey your ideas in a way that is understandable and enjoyable to read.
The use of star maps and graphics in articles is also briefly discussed.
Planetariums and observatories are not the only venues
for astronomy education. The media is an excellent tool to
educate the public. Writing for newspapers and magazines
reaches a large number of people, and it is also a good way to
educate yourself and promote your facility at the same time.
Before committing to produce articles for a local publication, consider the following: Writing a regular column is
extra work. Decide if you want to produce any graphics,
like a star map, to submit with your writing. If an artist
at the publication produces the graphic, check it for accuracy. Depending upon the length of the article and who produces any illustrations, it can take most of a day to ﬁnish a
column.
The ﬁrst step in getting published is to contact the editor
that is responsible for the section of the publication in
which your article would appear. For newspapers, this would
probably be the Features Editor. Then type a sample column
for the editor to read. Arrange a meeting with the editor and
discuss how your article will look on the printed page.
If your writing is accepted, then you have to decide what
you want to write about. If possible, choose something that
anyone with limited astronomical knowledge can try to see
in the sky without special equipment. Constellation identiﬁcation and legends, meteor showers, and eclipses are popular topics.
If your writing is published regularly and there is nothing
unusual happening in the sky during that time, explain some
simple astronomical misconceptions. If some phenomenon
is too complicated to be fully explained in one edition, make
a series that covers only one aspect of the occurrence at
a time. Contact your editor for ideas about how you can
arrange your information. Also, keep a list of subjects to use
when you can’t think of any good ideas.
Mention the region covered by the newspaper or magazine
so that readers know the information is speciﬁc for their
area. Explain why some astronomical events are visible from
the area and why others are not. Always let the readers know
where to go and what they will need to enjoy the subject of
your column.
Writing for a mass audience should be kept simple. Journalism students are taught to keep their writing on a level so
that it can be understood by a 12 year-old. Avoid using esoteric astronomical terms unless they are clearly explained.

Keep the information brief and to-the-point. Most publications have only a limited amount of space for your work.
Writing a column is somewhat different than writing a
news story. It is not necessary to write in the “inverted pyramid” style. However, articles should have an introductory
paragraph and a main focus. If the article is published regularly, consider listing the current planet positions, meteor
showers, and moon phases toward the end if this information was not part of the focus. Tie your thoughts together in
a logical order.
Don’t rely upon the publication’s editor to proofread your
work. They are usually quite busy and may accidentally allow
mistakes to be printed. Double-check your work before
sending it to be published. Consider having someone with
limited astronomical knowledge read your article to see if it
can be understood. Your ideas may need to be explained in
a different way.
Writing a regular article has two fringe beneﬁts. While
writing to educate the public, you are also learning. Writing a regular column forces the writer to research the topic.
Minor sky events and new discoveries that might otherwise
have been overlooked can be found while developing the
article.
Your publisher may not want your article to become an
advertisement for your institution, but most publications
don’t mind the announcement of public programs that relate
to the topic of your column. Even a brief mention of a special
viewing or lecture in a well-read publication can generate
signiﬁcant increases in attendance.
Likewise, don’t forget to promote your article at your institution. When presenting school programs, remember to tell
teachers about your column. Teachers are always looking
for more educational materials. If your publisher does not
require an exclusivity contract, consider reproducing your
article in your institution’s publications and Internet pages.
Published articles are a simple way to relay quality astronomical information to large numbers of people, but remember that your writing has to be chosen by a reader. Keep your
writing fun and entertaining. If the article is enjoyable to
write, then it will probably be enjoyable to read.
✹
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ASH: Access to Scientific Space Heritage
Learning about Space in the “Virtual Control Room”
Chris Janssen
Europlanetarium, Planetariumweg 19, Genk, Limburg 3600, Belgium
Phone: +32 89 307990 Fax: +32 89 307991 Email: IPS@europlanetarium.com

ASH is the acronym for “Access to Scientific Space Heritage”. The main purpose of the Ash project is the realization of a “Virtual
Control Center” which will allow students to plan and execute a (virtual) space mission. The students will work individually and as
a group to accomplish the mission successfully. They will build and operate space probes, rovers, rockets… For this purpose is all
our knowledge at their disposal (database/Internet…) so that they can solve problems/questions. To make all this a little bit more
attractive, use will be made of the latest 3D/multimedia techniques: Virtual Reality and Augmented Reality shall for sure be a part
of the project, and projection on a big screen will give an extra dimension to the mission.
The project is partially funded by the European Commission (5th Framework) and should be finished at the end of 2001.
The Information Society Technologies Programme (IST)
A major theme of research and technological development
within the European Union’s Fifth RTD Framework Programme (1998-2002), IST is a single, integrated research
programme that builds on the convergence of information
processing, communications and media technologies. IST
has an indicative budget of 3.6 billion Euro, and is managed
by the Information Society DG of the European Commission.
Key Action III —
MULTIMEDIA CONTENT AND TOOLS
Objectives
“The aim of this work is to improve the functionality, usability and acceptability of future information products and services, to enable linguistic and
cultural diversity and contribute to the valorisation
and exploitation of Europe’s cultural patrimony, to
stimulate creativity, and to enhance education and
training systems for lifelong learning. Work will
cover new models, methods, technologies and systems for creating, processing, managing, networking,
accessing and exploiting digital content, including
audio-visual content. An important research dimension will be new socio-economic and technological
models for representing information, knowledge and
know-how. The work will address both applicationsoriented research, focusing on publishing, audiovisual, culture and education, training, and generic
research in language and content technologies for
all applications areas, and will include validation,
take-up, concertation and standards.”
Aim of the ASH Project
The aim of the ASH Project is to create a VIRTUAL CONTROL
ROOM to simulate space missions and astronomy explora-
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tion allowing groups of students to experience basic physical laws and principles, for instance Kepler’s Laws, the law of
gravity, etc. Participants will also experience the complexity
of space exploration through calculating a launch window,
setting out a path for a rocket to reach its destination, time
delay and the problems related to that… The excitement of
discovering new things or achieving a mission is a feeling of
fulﬁllment that we all look for (both young and old).
The ASH Project Partners
The Danish company DELTA (Danish Electronics, Light &
Acoustics) is the co-ordinator of the project and responsible
for the system architecture.
The Belgian company SAS (Space Applications Services)
works on the interface, the software and the database.
The TUV (Technical University of Vienna) from Austria is
mostly working on the 3D, virtual reality, augmented reality,
the input and output devices.
The Tycho Brahe Planetarium from Copenhagen (Denmark), the Royal Observatory of Belgium in Brussels and the
Europlanetarium in Genk (Belgium) work together to write a
mission and evaluate the system.
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What is the Virtual Control Room?

Modular Components

The Virtual Control Room is an electronic learning enviroment in which we create the “ambience” of a real control
centre. With a full system about 30 students (people) can
take part in the simulated mission.

The hardware conﬁguration is very modular so that the
islands can be either multifunctional, so that different roles
are on one island, or there can be one speciﬁc role per
island. Of course, the way teams have to work and collaborate differs in these two cases.
The “teachware” is so conﬁgured that a new mission can
be seen as a plug-in for the system. So you can load different
missions and embed different lectures into the missions.
Technological Concepts

Edutainment
The collaboration of the whole group is needed to plan, prepare, execute and evaluate the mission. During the mission,
participants learn about astronomy, space science, earth science, physics, chemistry, biology, and so on.
Role Play and Islands
Each student (or each group of students) gets a speciﬁc role
for the mission. This can be for instance spacecraft engineer,
scientist, mission controller, communication specialist, and
more. Every island groups different roles together in a team
so that they can complete their part of the mission.
The Pedagogical Concepts
The idea is to give “hands-on” rather than classical unilateral
information. Working in groups will give teams a collaborative experience. Role playing is part of the daily life and this
will be implemented in this Virtual Control Room.

The newest technologies in Virtual Reality and Augmented
Reality are implemented in the system. New interfaces are
designed so that handling objects in 3D goes naturally. Multimedia is a very important part of the Virtual Control Room.
Students are used to getting the best images and the greatest sounds through their PC, TV or soundsystem, so the
virtual control room will also be a Multimedia experience.
The use of stereo projection on a large screen creates a Virtual Reality environment for all participants together. Touch
screens on each island with speciﬁc layout for each task or
role makes it so that the students have to work both individually and in groups to fulﬁll the mission.
One Instrument Can Play Many Tunes
You can put the Virtual Control Room into action to learn
about different things all depending on the mission that
is on the system. You can learn about astronomy, the solar
system, space science, the existence of life and of course
much more. Different missions with different learning scenarios can be worked out to be played in the Virtual Control
Room.
Drivers
The drivers for the deﬁnition of Learning scenarios (programmes) are ﬁrst of all the educative value, fostering the
collaborative work between the different groups (islands). A
big issue is that is has to be exciting within a reasonable
time that it takes to complete a mission. And it has to have
exploitation potential. There are different missions possible:
we think of a space station scenario, space science scenario
or perhaps a mission to Mars.
Space Station Scenario
The things we could teach here are varied: Learn about
research in low earth orbit; learn about the history and
background of manned spaceﬂight; plan experiments on the
space station; launch of ATV on Ariane 5 and rendezvous
with the ISS; installation of experiments in the payload facility; perform experiments in low gravity; discuss the results of
the experiments and draw conclusions; then plan the return
journey, choose a landing site and navigate and land the
spacecraft there.
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Utilization of the Virtual Control Room
With this Virtual Control Room we target high-school students 16-18 years (for the ﬁrst implemented mission). We
emphasize the collaborative aspect of learning. The target
enviroment for accomodating the Virtual Control Room
includes Planetaria, science parks, science museums… For
the exploitation we are examining a couple of possibilities.
The ﬁrst one is a ﬁxed location with rotating or changing
programmes. The second could be a temporary set-up, let’s
say 3-6 months at one site, and then move to another, perhaps in a bus or a lorry so that you are very ﬂexible in location.
The ASH Project is Looking for…
Space Science Scenario
Here we could learn about the solar system and the importance of comets and asteroids in understanding its formation. We could plan a mission to visit or land on a comet
or asteroid, during which we have to navigate through the
solar system and learn about the importance of planet ﬂybys.
Learn about the consequences of extremely low gravity on
small celestial bodies. What is the probability of there being
other planetary systems? Could they harbour (intelligent)
life?
Mars Mission Scenario
Has there been life on Mars? Look into the history of speculations about the existence of life on Mars; what about the
canals, the science ﬁction, meteorites… Examine past and
future Mars missions: Viking, Surveyors, Pathﬁnder, Mars
Express, Netlander… Plan a European mission to Mars to
search for life; select the instruments to do the necessary
experiments on Mars; launch, navigate to Mars, select a landing site; land and deploy the instruments and rover. In a 3D
virtual landscape, select the places to visit with the rover.
Conduct the experiments, collect and interpret the data.
Make conclusions and see if they support the theory of existence of life on the planet.
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We are looking for partners who can help us in getting the
system ready by the end of next year and customers who
want to install such a system in their planetarium, science
park or museum.
Applications and learning scenarios or missions are always
welcome.
✹
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Stars Over Yellowstone: Public Outreach Under the Real Sky
James G. Manning
Museum of the Rockies, 600 W. Kagy Blvd., Bozeman, MT 59717, USA
Phone: +1 (406) 994-6874 Fax: +1 (406) 994-2682 Email: manning@montana.edu

As planetarians, we try to reach people under the artificial skies of our planetariums. But sometimes, it’s important for us to reach a
bit farther and go where the people are — especially if they happen to be camping under the pristine skies of a national park.
Last summer, the Museum of the Rockies’ planetarium staff exploited that natural resource stretching over the U.S.’s Yellowstone
National Park by working with the park’s interpretation division and local astronomy clubs to conduct a pilot public observing
program over several weekends, seeking to expand its public service, to increase visibility for the museum among park visitors, and
to develop closer collaborative ties with the park. The author will share what they did, how it went, how the effort has evolved for
the coming summer, and why such efforts are valuable to undertake.
We planetarians exist in a curious realm. We spend most of
our time indoors trying to explain the outdoors—or at least
that part of the outdoors that we experience by lifting our
gaze above the horizon. But even as we strive to reach people
under the artiﬁcial skies of our planetariums, it’s also important for us to reach a bit farther at times—to go where the
people are, and to use the real sky—especially if we can
ﬁnd them together as we do in a national park or wilderness
area.
National parks preserve some of the vast natural resources
with which this planet has been blessed: trackless forests,
living waters, spectacular scenery, unique natural treasures,
and wildlife roaming the landscape as it has for millennia
and more. But these special places have another natural
resource as well: a clear, dark night sky.
In the summer of 1999, we at the Museum of the Rockies
exploited that resource stretching over nearby Yellowstone
National Park in northwestern Wyoming by working with the
park’s interpretation division and local astronomy clubs to
conduct a pilot observing program over several weekends.
The goals were: 1) to provide public service, 2) to increase
the museum’s visibility among park visitors, 3) to develop
closer collaborative ties with the park, and 4) to have fun.
In the months prior to the summer sessions, we negotiated an arrangement in which the park agreed to do the
following: 1) waive the vehicle entrance fee for those conducting the sessions, 2) suggest observing sites with which
they were comfortable (which we scouted for logistical and
observing suitability), 3) help us secure campsites from the
private concessionaire, 4) accept a brief article to advertise
the sessions in the parks’ visitor newspaper, and 5) secure
the cooperation of their rangers in announcing the sessions
during ranger talks which preceded the sessions at the
observing sites.
For our part, we agreed to: 1) pay the campsite fees, 2)
provide the newspaper article, 3) bring the telescopes and
expertise, 4) conduct the sessions, and 5) not try to sell anything.
We selected weekends near the time of new moon, and
chose observing sites with relatively low horizons and good

public access. We picked locations near campgrounds and
adjacent to park amphitheaters where rangers gave nightly
talks, which had the added advantage of providing a readymade audience.
One of our important objectives was to circulate both
word of the sessions and the museum within and near the
park. The article in the Yellowstone newspaper, distributed
to every visiting vehicle on the way in, was key to this strategy; it offered an opportunity for visitors on observing weekends to be alerted to the sessions, and served the added
function of putting the museum’s name in front of visitors on
non-observing weekends. On observing weekends, we also
distributed ﬂyers to hotels, lodges, and campgrounds within
the park and in gateway communities just outside.
At the sessions themselves, we distributed summer star
charts and museum rack cards which included museum location and contact information and a thumbnail map for getting there. We also handed out “Two-for-One” admission
coupons to the planetarium as a tracking device to see if any
turned up later at the museum some 90 miles north.
On observing weekends, museum staff and astronomy club
members recruited for the sessions camped in campgrounds
adjacent to the observing sites and had the run of the
park by day. At nightfall, we assembled our telescopes—
with apertures ranging from four to 20 inches—and waited
for the stars. The nightly ranger talks began about 9:30,
with the observing sessions following at about 10:30 or
10:45—about the time it began to get truly dark at the latitude of the park in summer. After the rangers were done, we
typically took a moment to offer a few words of introduction
to the crowd, offer a few safety tips about wandering around
in the dark and using ﬂashlights and keeping warm, handed
out star maps and museum information, and led people out
to where the telescopes were set up.
The telescopes were typically aimed at a variety of
objects—the crescent moon before it set, visible planets,
deep-sky objects—with an operator at each to keep the telescope aimed and to answer questions and to generally aid
the observers. We also offered sky orientation using focusedbeam ﬂashlights as pointers to delineate constellations, and

IPS 2000 Conference Proceedings ✹ 25

Education and Outreach
told stories about them, focusing especially on native American sky myths which seemed most appropriate for the setting. The crowd usually thinned after midnight, leaving the
ﬁeld to a few enthusiasts and the telescopists who would
putter about the sky at their leisure until the wee hours.
The results of the pilot project were gratifying: 1) We had
excellent viewing, with perfect, black skies for most of our
sessions. 2) We had good crowds in our estimation, topping
out at several hundred people a night; anecdotal inquiries
revealed that many attendees were alerted by the newspaper article and ﬂyers. 3) The crowds were enthusiastic, and
some people indicated they’d made special plans or traveled
considerable distance to attend. 4) The sessions drew widely,
with attendees from gateway community lodgings and virtually every major accommodations center within the park.
5) Even off-duty park rangers came to experience something of the part of the park lying straight up. 6) A few coupons actually showed up at the museum. 7) We suffered no
casualties—although there are certain hazards to be negotiated during nighttime observing in wild-animal country
(i.e., from what they leave behind).
We concluded that the public observing sessions clearly
provided a valued experience for park visitors who chose to
participate. Further, we found that the sky orientation portion of the experience was as popular as the telescope viewing; people seemed as eager to have constellations pointed
out to them and to hear the old star stories as they were to
see a planet or the Ring Nebula through a telescope.
The pilot project taught us some useful lessons: 1) Start
early; there’s always a certain amount of red tape to deal
with, and it can take time to make contacts and negotiate
arrangements with government entities. 2) Scout sites in
advance. A site that works well for park ofﬁcials doesn’t necesarily work well for astronomy. 3) Be patient and persistent.
Park ofﬁcials are busy people with rules to follow; you may
have to keep after them, but tact and sensitivity to their
role can pay off in cooperation. 4) Be ﬂexible and proactive;
you can get farther if you can roll with the punches and
offer solutions to sticking points. 5) Maintain connections.
We found that it was very helpful to have personal contact,
and vital to keep in contact on a regular basis as our plans
unfolded. This is also important in cultivating a collaborative relationship which can pay dividends later. 6) Recruit
local astronomy clubs for help. We couldn’t have succeeded
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without the assistance of enthusiastic local amateur astronomers; it was as important to collaborate with them as with
the park.
Perhaps the most important result of our summer experiment was that the park itself was pleased with the collaboration. And this fact has indeed paid dividends. We’re
conducting a second round of summer observing sessions
this year with the park’s blessing, and this year we also provided some on-site ranger training in astronomy prior to the
start of the summer season. And when Astronomy Magazine
contacted the park earlier this year about conducting a
special observing session this summer in conjunction with
the appearance of Comet LINEAR, the interpretation division immediately thought of us as a partner in the effort.
In late July, we’ll be offering an expanded observing weekend including daytime solar observing and nighttime comet
observing at two sites simultaneously. This collaborative
effort has already garnered the museum some publicity in
Astronomy’s advance notices, will expand the number of
people we can reach in the park, and advances the collaborative ties we’ve sought to develop. And everybody beneﬁts
as a result—not least the public.
Planetarians are busy enough managing our indoor universes; must we manage the outdoor universe as well? Our
experience suggests a number of reasons why the answer
should be yes: 1) It spreads the gospel. 2) It offers people
a valued experience. 3) It provides visibility for one’s facility which may pay off in later visits. 4) It promotes collaborations—and mutually beneﬁcial alliances are becoming more
important all the time. 5) It’s ripping good fun.
Public outreach will continue to be an important tool for
public education facilities such as ours. And natural parks
and wilderness areas can offer wonderful outreach opportunities of which we can take advantage. They offer beautiful
settings, with forests and rivers, untamed wildlife, valuable
resources worth preserving. But these places offer another
resource as well: a beautiful night sky. And when the sun sets
on all of those other resources, that’s when we who interpret
that sky can ﬁnd our role. We can ﬁnd a clear spot, set up our
telescopes, and get people to look up at the greatest natural
resource of all: the universe that wheels over our heads on
every night of our lives.
It’s important work. So ﬁnd a wild place somewhere, go
forth, and enlighten. You’ll be glad you did.
✹
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Live Broadcast of Meteors
Tadashi Mori
Media i Corporation, 3-21-20 Motohongo-cho, Hachioji, Tokyo 192-0051, Japan
Phone: +81-426-20-0378 Fax: +81-426-20-0382 Email: mori@media-i.com

Introducing the project of Leonid Meteors Live in 1999, a joint project by Media i Corp., Goto Optical Mfg. Co. and Agawa Village.
By using image intensification and RealSystem, people and students could see meteors in real time. This system can be used in
domed theaters: we will also present its possible uses for other astronomical phenomena.
1. Introduction
The Leonid meteors have become one of the most popular
astronomical phenomena: Many people look up into the sky
and wish upon stars. We broadcasted this event worldwide
from Yatsugatake Observatory, owned by Goto Optical Mfg.
Co. in Nagano prefecture, Japan and from Agawa, a mountain village in Kochi prefecture, Japan. This project is jointly
executed by Media i Corporation, Goto Optical Mfg. Co. and
Agawa village with support from Mutoh Enterprise Ltd., Prefecture of Kochi, Kochi Systems Co. Ltd. and others. I report
this project here in detail.

However it was almost cloudy on the night of November
18. Only a few Leonid meteors could be seen: Tables 1 and 2
summarize the broadcast statistics.
Table 1. Broadcast times
Yatsugatake Observatory in Nagano:
From 1999 Nov. 18 1:00 to 1999 Nov. 18 5:00 (JST): by RealVideo
From 1999 Nov. 17 19:00 to 1999 Nov. 18 5:00 (JST): still pictures
Agawa Public Hall in Kochi:
From 1999 Nov. 16 19:00 to 1999 Nov. 19 5:00 (JST): still pictures

Table 2. Number of pages viewed
2. Leonid Meteors
As you know, the Leonid meteors have a parent, comet Tempel-Tuttle. The press covered the Leonid story many times
last year because the parent comet had returned for the ﬁrst
time in 33 years and we expected to see many meteors. In
fact, we saw less meteors than anticipated. But we expected
to see more again this year.
3. Live Broadcast
Astronomers forecasted that the Leonid meteors in 1999
would be most active on November 18 (JST), so we decided
to make our live broadcast on that day. We set PCs, HUB,
VDT, router and other equipment on November 17. A temporary ISDN digital line was set up on November 18 at the
observatory. We installed an image intensiﬁer in front of a
video camera that was set on the roof of the observatory and
passed a video cable to the PC room where two PCs captured
those images. One was for RealVideo and the other for still
Pictures. The captured data was transferred to a RealServer
operated by an ISP in Tokyo.

Top page:
RealVideo page:
Still picture page:
Agawa page:
Estimated total:

71,191 Pages viewed
41,753 (PV)
19,663 (PV)
16,626 (PV)
275,000 (PV)

4. Video
(I will show video recorded on Nov. 19)
5. Conclusion
This was a live broadcast and active hours were in the middle
of the night, so we did not expect that people in planetarium
domes would see this. But for the people living in the U.S. or
Canada, or in South America, it might be a good opportunity
to see the Leonids. This kind of broadcast in your dome is
very impressive to the spectators. We plan to broadcast the
total solar eclipse in 2001, the Leonid meteors in 2001, and
Mars in 2003. We welcome you to join our project and use
the modern IT for your dome space.
✹
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Remote Telescope — Education over the Network (Workshop)
Tadashi Mori1, Toshikatsu Yasuda2, and Osamu Kawasumi3
1

Media i Corporation, 3-21-20 Motohongo-cho, Hachioji, Tokyo 192-0051, Japan
Phone: +81-426-20-0378 Fax: +81-426-20-0382 Email: mori@media-i.com
2
Goto Optical Mfg., Co., 4-16 Yazakicho, Fuchusi, Tokyo 183-8530, Japan
Phone: +81-42-3625312 Fax: +81-42-3619571 Email: t0640yas@goto.co.jp
3
Yamanashi Prefecture Science Center, 358-1 Atago-cho, Kofu-shi, Yamanashi, 400-0023, Japan
Phone: +81-55-254-8151 Fax: +81-55-240-0168 Email: info@media-i.com

We introduce a telescope image broadcasting system that is available in the planetarium dome and through the network. The system
was jointly developed by Yamanashi Prefecture Science Center (YPSC), Media i Corporation and Goto Optical Mfg. Co. with the
support of TAO (Telecommunications Advancement Organization of Japan, a subsidiary body of MPT — Ministry of Posts and
Telecommunications). By using this system, images taken by the 20cm coudé telescope at YPSC and captured by a PC are broadcasted to schools in Yamanashi Prefecture. The images can also be seen in the Planetarium dome at YPSC in real time. This system
will be upgraded next year to allow the pupils, students, teachers and researchers to control the telescope remotely and get images
through the network. A brief preview of this system will be shown.
PART 1. BACKGROUND
Outline of GOTO OPTICAL MFG. CO.
1926 GOTO OPTICAL MFG. CO. (GOTO) was founded by
Seizo Goto after departing Nippon Kogaku (now called
Nikon). Started production and sales of astronomical
telescopes.
1959 Achieved home production of medium size planetarium projectors and supplied many systems to science
centers and museums both in Japan and overseas.
1962 Developed a large size planetarium projector, installed
in St. Louis, U.S.A.
1969 Developed a large format motion film system (ASTROVISION) and installed the first system at Fujikyu Highland.
1970 Installed a large format motion film system
(ASTRORAMA) at Midori Pavilion in Osaka World
Exposition and gained great popularity.
1971 Organized “Goto Users Planetarium Conference” (now
“Japan Planetarium Society”) which now comprises
more than 180 planetarium theaters.
1981 Software development section was set-up. Now supplies 150 to 200 shows every year.
1984 Developed a four axes controlled space simulator.
“GSS-I” has evolved into GSS-HELIOS, URANUS and
SUPER-HELIOS.
1996 Developed a full color digital dome projection system,
“VIRTUARIUM”, installed at Minamimakimura village,
Fujikawa machi and Matsue City.
Indeed, GOTO is well-known as a planetarium vendor. But
as you will see, GOTO was once regarded as a major telescope manufacturer.
1. Pioneer for small astronomical telescope. GOTO started as
a small astronomical telescope manufacturer. What we made
first then was a simple cardboard tube with a 30 mm lens
(Focal length 25 mm=1 inch.) It was just an alt-azimuth
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mount. 100 to 150 sets were sold every month. Later on, a telescope with 2 sets of objectives was developed and released.
2. Science Education Promotion Act. In 1954 the Science
Education Promotion Act was enacted. 6-cm and 8-cm
telescopes were supplied to schools.
3. Small astronomical telescopes for amateurs. With a trend
in amateur astronomy and “my-car” era, MARK-X was
released with a clock drive. It targeted amateur astronomers and users could choose components such as telescope tube, mount, and tripod. This was the first of its kind
for portable astronomical telescopes.
4. Medium aperture stationary telescope. Apart from all the
small aperture telescopes I talked about, there are medium
aperture telescopes for science centers, museums and educational facilities. These are 15-cm, 20-cm and 25-cm stationary equatorial telescopes. In all, 230 sets were made
and sold. In 1988, with the rapid development of computers in general, a 20-cm coudé telescope was developed
with the concept of easy-operation and astronomical data
storage. At the same time, GOTO released the ASTROCAR
mobile observatory which contains a 20-cm coudé telescope and multi-synchronized 20-cm coudé telescopes.
There are nearly 30 installation sites of this kind.
5. Reflectors. GOTO has mainly focused on refractors rather
than reflectors. But, reflectors were not new to GOTO. Portable reflectors such as 10-cm and 20-cm were available
from the beginning. Moreover, 30-, 40-, 45- and 60-cm
reflectors were available for educational universities and
public observatories. They were Newtonian and Cassegrain types. But, the sales of refractors just outnumber that
of reflectors.
6. Remote telescope system. Now, with the variety of telescope types and apertures, astronomers all wish to see
large, bright images of heavenly bodies. However, such
installations remain very expensive for schools and nearly
out of reach of public observatories. With this Remote
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Telescope System, we give a solution by widening accessibility through the use of the Internet: now everyone can
share images of heavenly bodies.
PART 2. TECHNICAL ASPECTS
1. Preface
On behalf of Media i Corporation, I would like to introduce
the technical aspect of the Remote Telescope System.
2. The network
As we discussed, from our experience, the network has become
an essential tool to our life style. It seems we can’t work anymore without the network. I reported about the project called
“Eclipse Live ’98” at the IPS conference in London, 1998. We
have been broadcasting chieﬂy moving pictures through the
Internet. You might imagine that we would see poor quality
and jaggy motion with limited bandwidth, however, even low
bit-rate images inspire students and pupils as well as ordinary people. This fact is conﬁrmed because we had a huge
number of accesses from all over the world. So if we could use
higher bit-rate networks, students, pupils and people could
enjoy and learn more about science and nature.
3. Live Broadcast System
This time we used a high bit-rate network to broadcast heavenly body images captured by the telescope at Yamanashi
Prefecture Science Center to the Planetarium dome and
schools in Yamanashi prefecture. The network that we used
is based on JGN, the Japan Gigabit Network that consists
of ﬁber optics cables built by TAO — Telecommunications
Advancement Organization of Japan, a subsidiary body of

MPT — Ministry of Posts and Telecommunications in Japan.
This network has gigabit bandwidth and allows the exchange
of high bit-rate data. Heavenly body images taken by the
Goto 20-cm coudé telescope are captured by a PC and transferred to the server PC. You can browse images with a PC set
in the planetarium dome and in classrooms through LAN and
JGN. For example, people in the planetarium dome can watch
the solar image captured at the observatory in real time.
We normally use 1 Mbps bandwidth to relay image data,
but when we connect to the Internet, viewers can use lower
bandwidth simultaneously.
4. Remote and On-demand Operation System
20-cm/25-cm coudé and 45-cm reﬂecting telescopes are
operated by a system called “CATS-II” that features a ﬁne
user interface and high reliability. However this system was
developed for on-site operation. So we are upgrading to
“CATS-III”, which has following abilities: Application Control; Observation Control System; Realtime Control System;
CCD Camera Control System; and Database System.
You can “use” telescopes and see stars even if you are on the
other side of the Earth, in the middle of the daytime.
5. Conclusion
The new CATS-III utilizes modern IT and the network to
allow pupils and students to learn and study about astronomy in more detail with vivid experiences. Teachers can also
show the latest information on heavenly bodies by using the
system. I believe this system can help you ﬁnd new ways of
teaching and make learning an enjoyable experience.
✹
Note: This Workshop also featured a live, on-line demonstration of the
Remote Telescope System.

How Do Children Learn? (Workshop)
Marie Rådbo
Gothenburg Mobile Planetarium, Chalmers University of Technology, S-412 96 Gothenburg, Sweden
Phone: +46 31 772 31 40 Fax: +46 31 81 20 89 Email: radbo@fy.chalmers.se

When can a child understand sunset/sunrise and the reasons for seasons? And is it possible for a seven year-old child
to grasp the phases of the moon? Can a ten year-old child
understand the character of a black hole? And at what age is
it meaningful to teach the constellations?
These are some of the questions I will address at this workshop, but my intention is not at all to give any right answers
— since there are really no deﬁnitive answers that go for
every child — but more to stimulate a process of thinking
and reﬂecting. My main focus is on what cognitive skills are
required to understand and learn some common topics, and
therefor I address issues like at what age it is proper to pres-

ent a speciﬁc topic.
We all know that children’s shows deal most of the time
with more or less the same topics all over the world. For the
younger children some of these topics are day and night, the
reasons for seasons, the phases of the moon and the constellations, just to mention a few of them.
At the same time we also know that there are a lot of misconceptions in astronomy, especially on those topics, presented for the younger children. One study after another
veriﬁes that no matter the age the misconceptions are widespread. I absolutely don’t believe it depends on people being
stupid. No, I think one of the main reasons for the miscon-
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ceptions is that these topics were presented at an age when
the individuals did not have the cognitive skills necessary
for grasping them.
Let’s take one example: the reasons for seasons. Can a seven
year-old child really understand the explanation, not just
repeat it like a parrot? No, probably not. To start with there
is little or no connection for the child between the model
we present and his or her experince of the world. Another
problem is the overall spatial ability to grasp the threedimensional space from a two-dimensional presentation. But
perhaps the main problem is the ability to relate the spaceview with the view from earth. According to the Frenchman
Jean Piaget this ability is absent until third grade or more.
After working with children for twenty years I do agree
that switching in thinking between earth and space views is
extremely difﬁcult. But I have also found that for most children this ability comes even later than third grade!
This really is a problem, since to understand many things in

astronomy we need to switch our position between earth and
space. That goes not only for the reasons for seasons, but also
for sunset/sunrise, day and night and the phases of the moon,
etc. Where does that leave us with our children’s shows?
When aware of these circumstances, it is most important
that we handle our visualizations with care and present the
world as correctly as possible, not just when it comes to an
explanation of a speciﬁc topic, but during the whole show.
Children want to understand, and when they do, it makes
them feel clever and that is of great importance if we want
them to be interested in astronomy in particular and in
science in general. It is for example most frustrating when
we move the stars eastward sometimes, and westward sometimes, as the earth rotates.
I hope these and similar ideas discussed during the workshop might be a starting point for reﬂecting on what we are
doing and how we are doing it. As a result hopefully we will
produce better age-appropriate shows in the future.
✹

International Exchange Program — Five Years of Success
A Week in Italy for an American
Susan Reynolds Button1 and Loris Ramponi2
1

OCM BOCES Planetarium, 6820 Thompson Road, PO Box 4754l, Syracuse, NY 13221, USA
Phone: +1 (315) 433-2671 Fax: +1 (315) 432-4523 Email: sreynold@cnyric.org
2
Centro studi e ricerche Serafino Zani, Via Bosca 24, 25066 Lumezzane (Brescia), Italy
Fax: +39 30 87 25 45 Email: info@serafinozani.it

Each year, at the end of October, Serafino Zani Astronomical Observatory (Lumezzane/Brescia) in collaboration with the IPS Mobile
Planetarium Committee and with the support of Learning Technologies, Inc., hosts an American planetarian. The selected planetarian presents lessons with Starlab to High School students of English and holds workshops for the public and other planetarians.
To date this program has enabled five American planetarians to learn about the education, culture and sites of Italy while sharing
their knowledge and expertise with Italian students, teachers and colleagues. The experience is described by the participants, as
being extremely rewarding and worthwhile.
This endeavor will continue to thrive in the future and hopefully inspire others to develop similar programs between other countries.
You can learn about and discuss all of the elements necessary to consider when developing this kind of partnership.
Five American planetarians have had the privilege of traveling to Italy in an effort to share techniques, information and
the English language with colleagues and students. Through
this program participants also acquired new techniques,
information and experiences which provided a means for
improving their teaching in the U.S. Following is a list of
those participants, to date, who were chosen to represent
Starlab and American educators in this unique way.
1995 Susan Reynolds (OCM BOCES Planetarium, Syracuse,
New York)
1996 Jeanne E. Bishop (Westlake School Planetarium, Ohio)
1997 Jerry Vinski (Planetarium of the Raritan Valley Community College, New Jersey)
1998 Dee Wanger (Discovery Center Science Museum, Fort
Collins, Colorado)
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1999 April Whitt (Fernbank Science Center, Atlanta, Georgia)
This workshop was designed to allow the above contest
winners and contest creators to share impressions of this
exchange and perhaps inspire others to initiate a similar
program in their country. Throughout the workshop participants recognized several issues (sponsorship, lodging, meals,
school participation, dates, lesson plans, etc.) that must be
addressed when setting up such a program. As a group we
will list these issues and create a hypothetical plan for implementing a program such as this at other locations. Several
participants also expressed a deep interest in applying for
the opportunity to go on this adventure to Italy. Applications for the 2001 contest can be obtained by contacting
us at the addresses above. Completed applications must be
received by March 15, 2001.
✹
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Steering by the Stars: Teaching Celestial Navigation in the
Planetarium
Philip M. Sadler, Ed.D.1,2
1
2

F.W. Wright Lecturer on Celestial Navigation, Harvard University, 60 Garden Street, MS-71, Cambridge, MA 02138, USA
Founder, Learning Technologies, Inc., 40 Cameron Avenue, Cambridge, MA 02138, USA
Phone: +1 (617) 628-1459 Fax: +1 (617) 628-8606 Email: psadler@cfa.harvard.edu

Many planetarians are called upon to aid in the teaching of celestial navigation or would simply like to know how this almost magical process works. Having trained hundreds how to sail by the stars, I have found the planetarium to be an indispensable tool for
learning this arcane art. The planetarium is best used three times during a navigation course: for star identification, for tracking the
motions of the sun for different dates and at different latitudes, and for the reduction of star positions to the latitude and longitude
of the observer. I will discuss each planetarium show and the activities involved in each.
Introduction
As a teacher of navigation, I often receive calls for help from
fellow planetarians. The problem usually surfaces in the form
of a request for a planetarium show to teach navigation by a
member of the local power squadron, an astronomy professor, or a local schoolteacher. Planetarium directors are typically unfazed in adapting their planetarium show to issues of
cosmology, planetary explanation, or the history of astronomy. Most have extensive academic backgrounds in astronomical topics or have been steeped in these issues so that
they can answer all but the thorniest questions. This does
not at all appear to be the case for navigation.
Many have read Dava Sobel’s excellent book, “Longitude”
(1996) and are aware of the connections between navigation and astronomy. Yet, few planetarians include this topic
in their list of specialties. Some can recall speciﬁc facts such
as the altitude of the celestial pole changes with latitude or
that the tools of navigator are the sextant and chronometer.
Yet, it is the rare planetarian that can take starsights and
reduce them to a position on the globe with any accuracy.
Yet, planetarians are usually shy about exposing this lack of
knowledge about this most practical use of astronomy that
transformed trade, decided the outcomes of battles, and still
provides a reliable backup to electronic wayﬁnding.
The problem of using a planetarium to teach navigation is
often exacerbated by the kind of knowledge held by those
doing the asking. In my experience, those sailors, navigators,
and pilots with working knowledge of navigation (I include
here most merchant seamen, recreational sailors, and members of the armed forces) can possess a very high level of
technical proﬁciency in navigating while having little knowledge of the underlying geometry or astronomy. Peppering
their conversation with foreign sounding terms like “circle
of position, geographic position, calculated height, dip, H.O.
249, Greenwich hour angle” do little to bridge the chasm
between navigators and those trained in astronomy. Planetarians, likewise, are met with quizzical expressions from navigators when they speak of “right ascension, diurnal motion,
and ecliptic latitude and longitude.” The vocabulary of nav-

igation and astronomy often differ when referring to the
same measurement or concept.
I have decided to write this paper to act as a kind of primer
on celestial navigation for planetarium folk. Back when I
used computers to solve compelling problems (like how to
win at poker), I needed to master an advanced computer
language, having outstripped the capabilities of my earlier
knowledge. I found a marvelous aid to help me, a book for
expert BASIC programmers who wanted to learn PASCAL
(Borgerson 1982). Rather than starting at the beginning, it
assumed a sophisticated reader and pointed out the similarities and differences between languages. It described the pitfalls and opportunities for scaffolding knowledge in moving
from one computer language to another. So too will I attempt
here, assuming a high level of astronomical knowledge and
teaching ability in my readers.
What is celestial navigation?
Celestial navigation is the process of ﬁnding one’s location
on the earth using celestial objects alone for reference.
Modern celestial navigation utilizes the careful measurement of altitude only. The height of stars, planets, sun or
moon are measured with a sextant. Altitudes are measured
to a fraction of a minute of arc. Since one cannot measure
azimuth of an object with high accuracy aboard a plane
or ship, azimuth measurement are not used, but for crude
approximations. Even a fully corrected compass is usually
only accurate to the nearest degree. The use of an accurate
timekeeper, kept set to the second, is necessary for ﬁnding
longitude. It must be easily converted to Greenwich Mean
Time (GMT), which can usually be done by simply adding or
subtracting the required number of hours.
Celestial navigation techniques can locate one’s position
on the surface of the earth to within a mile when everything is working right (for a more complete treatment see
Bowditch 1995 or Whitney and Wright 1992). An error of
one arcminute in altitude or 4 seconds of time roughly corresponds to an error of 1 nautical mile (6080 feet or 1
minute of latitude). It is a method only relied upon when far
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Figure 1. Aircraft and Marine Sextants. The author takes a sun sight with a marine sextant (left). A World War II air sextant is pictured on
the right. A sextant measures to a precision of 1 arcminute or better. An air sextant has an internal artificial horizon. Marine sextants use the
visible horizon for reference.
from any stationary landmark. Position location using the
stars is more difﬁcult and time consuming than relying on
the various forms of electronic navigation, (LORAN, DECCA,
GPS). Yet, celestial navigation is not subject to electronic or
battery failure, jamming, or destruction of transmitters (a
great worry for the military). For this reason, it is a backup
to electronic navigation in the world’s navies and a foolproof
check for those who rely daily on electronic navigation. The
literature and lore of the sea is replete with stories of the
failure of electronic navigation and use of celestial navigation to keep from turning a problem into a disaster.
Why do people want to learn celestial navigation?
Given that celestial navigation no longer is the primary
means of ﬁnding one’s location in planes or ships, why learn
it? Indeed, of what use is it to students who may never use it
to navigate? There are several reasons. Celestial navigation is
one of the few topics that demonstrates some practical utility of astronomy. For many students, studying the stars has
no immediate application. To them, astronomy deals with
objects that they cannot touch and that cannot touch them
in their lives. Celestial navigation is a practical use of astronomy, so practical that students will ﬁnd that they use the
principles while driving a car, walking in the woods, or estimating the time. Like astrology, celestial navigation has a
connection to the student’s world; unlike astrology it follows scientiﬁc principles. Celestial navigation not only is a
construct of humans, many animals use celestial objects for
reference in local area (foraging honeybees) and over great
distances (migrating birds, sea turtles returning to lay their
eggs on the beaches where they were themselves hatched).
Celestial navigation is not only an invention of modern
western culture. Many civilizations have developed ways to
use the stars in navigation and this provides an opportunity
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for educators to discuss these multi-cultural contributions.
For example, Polynesians developed a very sophisticated
form of celestial navigation to travel between islands in the
South Paciﬁc (Low 1983, Wentz 1990). A major component
was the use of the rising and setting points of stars as a type
of star compass, since they lacked the magnetic compass.
Polynesian navigators realized that over quite a geographic
range, the azimuth of these rising and setting points change
little, so one can steer by Betelgeuse to sail east when it is
rising in the sky or sail west by Betelgeuse as it is setting.
Knowing the succession of rising and setting stars provides
a rather accurate method by which to steer.
The Arabs sailing in the Mediterranean developed a celestial instrument for this nearly closed body of water (Williams
1992). The key to navigating this sea is to establish the latitude of your destination and to sail to this latitude and then
east or west to your destination. They did this with the kamal,
which measured the height of Polaris above the horizon using
a ﬁxed rectangle of wood. The wood was held so that an
attached, knotted string clenched between one’s teeth was
taut. Different knots stood for ports at speciﬁc latitudes.
What are the major principles of celestial navigation?
There are four major principles in celestial navigation. All
rely on a model of the universe that astronomers view as
wrong. Navigators are geocentrists. While planetarians view
themselves as enlightened heliocentrists and can point to
Copernicus, Kepler, and Newton for afﬁrmation, their ﬁrst
hurdle is adapting to the fact that navigation demands a geocentric worldview. Talk about the “earth going ‘round the
sun,” and you risk destroying any bond with a navigator.
Moreover, heliocentrists are also wrong. Remember that
heliocentrism is just a model, the planets do not orbit the
sun, a closer approximation is that they orbit the center of
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mass of the solar system as it spins around the galaxy. Most
of our planetarium projectors are geocentric as well. Think
geocentric! Here are the four principles:
1. The sun, moon, stars, and planets move around the earth.
Navigators accept that the heavenly bodies move at different speeds around the earth. They have no need to know
how fast or in what direction. Different objects will be visible at different times of the night or day and on different
dates. Changing the location of the observer will also change
which objects can be seen.
2. Only the altitude of an object at a certain time can be
measured accurately.
Using a sextant, a very accurate altitude of star, planet, the
sun or the moon, can be measured. This altitude is only
accurate for a particular time. Marine navigators measure
only height above the horizon. Air navigators use a gravityrepelled bubble built into their sextant, much like a carpenter’s level. Many mathematical corrections must be applied
to the sextant reading to compensate for:
• atmospheric refraction (3rd correction),
• the more distant horizon of an observer higher on a boat
(dip),
• the altitude to the center of the sun or the moon (semidiameter), or
• the moon’s apparent size (horizontal parallax).
Azimuths, while measurable by compass, are used only for

plotting positions on charts. Navigators do not measure the
azimuths of stars to ﬁnd their location.
3. Every celestial object is directly overhead somewhere on
earth.
While astronomers know that heavenly objects exist somewhere in space, the navigator is only interested in the
location on the earth where the object appears directly overhead. This is called the geographic position of the object.
The Nautical Almanac (U.S. Naval Observatory, published in
yearly editions) is used to ﬁnd this geographic position for
the object at the time of its observation (see Figure 2). This
is done to the second of time and is described as a GHA
(Greenwich Hour Angle, essentially longitude measured west
from Greenwich), in degrees and minutes to the tenth. The
object’s north-south coordinate is in the same declination
familiar to astronomers, given to the nearest tenth of a
minute. The GHA of stars is calculated using the GHA of
the First Point of Aries (the vernal equinox crossing point
of the ecliptic and celestial equator) to which the Sidereal
Hour Angle (SHA) of the star is added. The SHA is measured
in degrees and minutes, unlike Right Ascension, and in the
opposite direction around the celestial equator. The LHA
(Local Hour Angle) of the object in the navigator’s sky is
simply the object’s GHA minus the longitude of the observer
or polar angle from one’s meridian.

Figure 2. Tables Used in Celestial Navigation. Navigators use the Nautical Almanac (right) to find the exact geographic position of a celestial
object. Sight reduction tables (here, H.O. 249 Vol. 3), allow for the solution of the navigator’s triangle, resulting in a portion of the circle of
position near the assumed position of the observer.
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4. Locations that see a heavenly object at the same altitude
form a circle on the earth.
Step one degree away from the North Pole of the earth and
the North Celestial Pole moves 1° from overhead. Its altitude
drops from 90° to 89°. Move one degree away from the geographic position of any celestial object and its altitude drops
1°. When you measure the altitude of any celestial object,
any other observer with the same measured altitude on the
face of the earth will be at the same distance from the geographic point as you, although they will see it at a different
azimuth. This CoP (Circle of Position) is the information that
you attain from a single celestial sight at any one time. To
“ﬁx” your position accurately, you need more than one circle
to cross, hence more than one object (or the same object,
like the sun, at substantially different azimuths). The radius
of this circle is the ZD (Zenith distance) of the object, calculated as 90° – altitude.
These four principles come together to ﬁnd one’s position
accurately. Table 1 shows a reduction for the position of this
conference on Wednesday, July 12, 2000 at 21:00:00 EDT
(01:00:00 GMT July 13, 2000) in Montreal.
How do I use the planetarium to teach celestial navigation?
The planetarium, from a giant dome to a Starlab™, can be
used to help navigation students learn the principles underlying celestial navigation. In the one-semester course that I
teach at Harvard, we spend three one-hour sessions in the
Starlab. Each is very hands-on, with
students predicting and explaining
their own ideas. My goal is for students to develop many of the concepts they need for navigation. At
sea or in the air, they will not have
me along to remember the principles, but must be able to reconstruct
these ideas themselves. The ﬁrst session familiarizes students with the
current night sky and some movements of the stars over the course of
the night. The second session concentrates on the path of the sun through
the sky. The third session deals with
the issue of geographic position and
the reduction of the navigator’s triangle to a circle of position. Detailed
descriptions follow.
Figure 3. Circles of Position Around Spica,
Regulus, and Vega. On this Equidistant Azimuthal (drawn with Azimuth mapping software) projection of the earth, circles of
position around the geographic points of
stars can be seen to intersect at the location of the conference in Montreal. When
navigating, a map of only the area surrounding the assumed position is used,
giving greater accuracy.
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Session 1. The motions in the night sky.
In conjunction with journals that students keep of their
observations and measurements of the night sky, students
spend this early session in the planetarium learning to identify the major constellations of the season for our particular location. Some of the 58 navigation stars, being both
bright and unambiguous, are pointed out in the major constellations of the season. Polaris speciﬁcally is avoided. Diurnal motion is turned on and students trace the motions of
stars on the dome with their ﬁngers, reporting on how their
chosen star moved. Then they visually search for a star that
does not seem to move and discover Polaris. A discussion
ensues about the possible value of this star for navigation.
Measuring azimuth, based on knowing where north is, and
altitude, based on the horizon, are demonstrated and practiced. Students predict the setting azimuth for the sun on
the current day with a piece of masking tape bearing their
Table 1. The Geographic Positions of Three Stars.
Object
GHA Aries
SHA*
GHA*
Alt
Dec*
Spica
306°
159°
105°
22°
17°S
Vega
306°
081°
027°
57°
39°N
Regulus
306°
207°
153°
15°
12°N
The GHA of Aries is looked up in the Nautical Almanac along with each
star’s SHA and Declination. Altitudes correspond to those seen over
Montreal.
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Figure 4. Using a Rectified Globe in the Planetarium to Model the Navigator’s Triangle. Aligning a globe with the planetarium projector allows
viewers to observe the correspondence between the navigator’s triangle in the sky (with vertices at the North Celestial pole, zenith, and the
location of the star) and the triangle projected on the earth (the north pole of the earth, the observer’s location, and the geographic position
of the star).
initials and then watch the sun set. The students with the
closest predictions report their ideas. Students then pass
the pointer and identify constellation or stars that they have
committed to memory and will use to help them make entries
into their journals.
Session 2. The path of the sun.
After about a month, students have collected in their journals enough measurements of the sun in the sky to ﬁnd that
its path is slowly changing. Easiest to see is that the altitude
at noontime marches higher or lower (especially around the
equinox). Since sunrise and sunset azimuths are difﬁcult
to observe, students do not necessarily believe that the azimuths depart from the true east and true west some observe
on the equinoxes. In this session, we continue the investigation of the path of the sun through the sky. Students predict a series of sunrise and sunset azimuths for different
dates, with the most accurate student explaining his or her
model that led them to a correct prediction. We then move to
the equator and try again, eventually ending up at the polar
regions. Celestial coordinates are then projected showing
the SHA and declination of the sun and following a particular coordinate from sunrise to sunset. Stars are pointed out
as having virtually ﬁxed SHA and declination (other than
small changes due to parallax).
Session 3. Geographic position and circles of position.
After learning to use the Nautical Almanac to ﬁnd the exact
geographic position of the sun, moon, planets or stars, students visit the planetarium for the last time. A globe is
aligned close to the star projector and rectiﬁed so that the
true location of the observer is on top and the poles of the
globe and planetarium projector are parallel. Bits of clay or
adhesive are used to fasten toothpicks to the globe. Using a
small ﬂashlight aimed at the globe, students ﬁnd positions
on the globe where the ﬂashlight would appear to be at an

altitude of 45°. This forms a circle of position on the globe
with its center being the geographic position of the ﬂashlight (a Maglight™ works best). By moving the ﬂashlight to
another location, another circle can be generated that intersects with the ﬁrst. Several circles result in an unambiguous
ﬁx. This is also the time to point out the “navigator’s triangle” which is referenced in sight reduction tables. This triangle in the sky connects one’s zenith, the nearest celestial
pole and the celestial object. The equivalent triangle on the
earth is the observer’s location, the closest pole of the earth,
and the geographic position of the celestial object. The sides
of the triangle can be drawn and discussed (90° – declination of the star, 90° – altitude of the star, and 90° – the
latitude of the observer). The two key angles of the triangle
are the LHA of the star and the azimuth of the star. Students often have difﬁculty discriminating between the azimuth and the LHA of an object. Showing both these in the
sky and on the globe is very useful at this time.
Summary
The planetarium is a superb environment to develop and
reinforce basic principles in celestial navigation. It can
be used with great effectiveness several times during any
formal navigation course. Planetarians often ﬁnd taking on
the requisite reference frame of the navigator, that of a conﬁrmed geocentrist, to be counter intuitive and problematic.
Yet, many navigational principles predate our heliocentric
worldview. Planetarians must also realize that navigators
use different terms for the same concepts as astronomers
and that this vocabulary is essential to an understandable
interaction. There is no substitute for the masterful use
of the planetarium to help students identify navigation
stars, develop models for predicting the motions of heavenly
bodies, seeing the sky from different locations, and for envi-
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sioning the correspondence between the celestial and terrestrial spheres.
✹
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Using a Community Solar System Model (Poster)
Sheldon Schafer
Director of Science Programs and Facilities, Lakeview Museum of Arts & Sciences, 1125 W Lake Avenue, Peoria, Illinois 61614-5985, USA
Phone: +1 (309) 686-7000 Fax: +1 (309) 686-0280 Email: sschafer@lakeview-museum.org

Numerous museums and communities have created large true-scale models of the Solar System. At the Lakeview Museum of Arts
and Sciences, we inaugurated our model in 1992. Initially, the model was regarded as a permanent museum exhibit which visitors
were invited to tour. However, over the last five years, the model has become the focus of programming and fundraisers. These have
included: The Interplanetary 5K Run/Walk — a fundraising event , The Interplanetary Bicycle Ride — a two day bicycle tour, The
Interplanetary Motorcycle Ride and Poker Run, teacher workshops on scale, and a planetarium preshow discussion and activity. This
poster paper describes the elements of these programs, activities and events.
Scale models of the solar system have ﬂourished in the
last decade. Astronomy educators have long recognized that
most laypersons hold strong misconceptions regarding the
sizes of the Earth and other planets relative to the distances
between them. Scale models have sprung from a desire to
correct that misconception.
Such misconceptions are easily derived. Students observe
diagrams in elementary textbooks and tabletop models in
classrooms that use one scale for the size and another scale
for the distances. Thus the purpose of these models is to
allow a person to observe on a single model the sizes of the
planets and the distances between them to the same scale
factor.
Most visitors encounter Peoria’s model in the course of
their daily lives, since the planets are located in public
places. For example, the Earth is located at the service counter of an automobile service center and gas station. However, this chance encounter only occasionally leads to an
in-depth investigation of the scale model. So, after establish-
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ing the model in 1992, three goals were set to insure that the
model’s purpose was realized:
• Seek exposure in the national media.
• Maintain local recognition and utilization by schools
and general public.
• Initiate activities which allow the visitor to “experience”
the model, and have the potential to generate income
The ﬁrst of these has been fulﬁlled through dozens of articles in the national media, several TV stories including one
on the Discovery Channel which has run numerous times
since its initial production, and a major feature on National
Public Radio.
Efforts to realize the next two goals will be explored in
more detail in this paper.
For schools to utilize the model, it had to be brought
indoors since it was unlikely that a class would be able to
travel to any of the planets as a class. Teachers have enough
trouble getting access to a bus to come to our museum.
To bring the model indoors, a second set of planets that
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could be displayed in the front of the planetarium theater
was created. Two shows on the solar system are available
to classes: Space Bus, produced by the Strasenburg Planetarium, is available to lower elementary classes, and Planet
Quest, distributed by Sky-Skan, is available for upper elementary through high school. Since planet shows basically
“hop from planet to planet” with no sense of the interval
between, it is discussed before these shows how this might
create the impression that the planets are close, when in
reality they are very far apart. Our “indoor” set of planets is
then used to show the relative sizes of the planets, and relate
their distances to locations around the city which are familiar to all, or which the students have just passed on their
bus ride to the museum. For example, many busses exit the
interstate at the orbit of the Earth (the planetarium dome
represents the Sun), and many students’ schools are the distance of either Uranus, Neptune or Pluto. Students particularly enjoy being told that they’ve come “from Pluto.”
These shows are also presented for the general public as
part of our Saturday Morning Family Show series. This series
features a different school program each week. Each program is preceded by a 25-minute make-it-take-it activity
period, with an activity that relates to the particular show. In
addition to a discussion of scale, visitors have an opportunity
to make a scale model of the solar system on a roll of toilet
paper. Each visitor is provided a roll of toilet paper (purchased by the case at $0.20/roll) and a worksheet, detailing
the number of sheets to each planet, where 6 sheets = 1 AU.
Visitors spread out around the dome or planetarium lobby,
using several tables we’ve set up, or they work on the ﬂoor.
This activity is also incorporated into teacher workshops on
astronomy.
Over the last 5 years, three events utilizing the model have
been initiated. Two have been very successful: 1) The Interplanetary Bicycle Ride — a two day bicycle tour will begin
its 6th year this August; and 2) The Interplanetary 5K Run/
Walk — a fundraising event has been run successfully for
two years. A third event, The Interplanetary Motorcycle Ride
and Poker Run, ran for three years before being abandoned.
In each of these the aid of the appropriate community was
enlisted, and the event tailored to conform to the existing
standards for such events within that community. In other
words, the bicycle ride conformed to all of the standards for
a bicycle ride. All of the critical elements for a bicycle tour
were included: marked road routes and trail routes, routes
of varying length including a full “century” (100 mile = 160
km) route, maps, sag service, bicycle repair service, breakfast, rest areas stocked with food, end of ride pasta dinner,
T-shirts, and premiums. We work closely with the regional
bicycle club, as well as all of the bicycle shops. All told, over
30 different organizations, companies, agencies, and per-

sons have to be contacted to put together the elements of
this event. To customize the event, the registration site is
at “Jupiter,” rest areas are placed at the scale distances of
each of the outer planets, scale model planets are displayed
at each rest area, the participants’ tag is a scale Earth, and
certiﬁcates of completion are given in scale miles. Those
completing the maximum two-day trip ride 14 billion miles
(22.4 billion km)! T-shirts are picked with a space theme,
there are astronomy and other science exhibits at the rest
areas, and an evening Star Party is scheduled for those staying over for the second day.
The museum’s running event has been approached in the
same way, working closely with the local running club. The
critical elements of a running event include: a measured 5K
course, race bibs, divisions by age and sex, awards and trophies, an ofﬁcially timed start/ﬁnish line, inclusion on the
regional run calendar, establishing state “grand prix” status,
course monitors, and refreshments. To customize the race
model planets were placed on the course. On our scale, Mercury, Venus, Earth and Mars ﬁt on a standard 5K course. In
addition to a 5K race, two additional noncompetitive events
were held, a one-mile walk from Earth to Mercury (RT), and
a Kid’s Fun Run from the Earth to Venus (RT). For these
the participants received certiﬁcates of completion in scale
miles. T-shirts followed a space theme as well.
In retrospect, the motorcycling event may have died
because of a failure to conform to the existing standards
for such events within the motorcycling community. Poker
Runs usually travel from bar to bar, where playing cards are
drawn. Cards were drawn at ﬁve of the planets, a pot was
won according to standard poker rules, and the Poker Run
was aligned with a major motorcycle event weekend. However, no alcohol was served at any of the planets — Mars
and Venus certainly lived up to their reputations as being
“dry.” Further, a lasting relationship with the local HOGS
(Harley Owners Group) who assisted the museum the ﬁrst
year, could not be established.
Although no formal evaluation of the event participants to
assess their misconceptions about size and scale before and
after the event has been conducted, anecdotal evidence suggests that our purpose is being realized. Certainly a large
number of persons have been engaged in “experiencing” the
model. In it’s ﬁrst year the walk/run attracted nearly 300
participants, and this year, despite below freezing temperatures and an inch of snow, nearly 200 showed up. The bicycle ride has consistently had about 250 participants, despite
intense heat three of ﬁve years. In summary our experience
has demonstrated that providing events for established running and bicycling communities has been an effective way
to introduce these communities to the concepts of size and
scale as demonstrated by our solar system model.
✹
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Angelo State University Remotely Controlled Observatory
(Poster)
Mark S. Sonntag
Department of Physics, Angelo State University, San Angelo, TX 76909, USA
Phone: +1 (915) 942-2136 Fax: +1 (915) 942-2188 Email: mark.sonntag@angelo.edu

The Angelo State University remotely controlled and robotic observatory is used as a supplement to public planetarium programs.
This facility was designed to fulfill the University’s research, teaching, and outreach missions. The teaching and outreach functions
are used in conjunction with and are conducted in the planetarium.
History And Funding
The remotely controlled observatory project began in 1992
as a preliminary study to assess the feasibility of building
a robotic telescope facility. At that time remotely controlled
and robotic telescopes were relatively rare, custom built
designs. Because of the high cost, funding was not sought at
that time, but he project was tabled for future consideration.
In 1996 the project was reborn. During the intervening
years, costs had come down and “off the shelf” equipment
became available. A National Science Foundation grant proposal was written and submitted. The Angelo State University Remotely Controlled Observatory was awarded funding
in 1997 through a matching grant from NSF (Instrumentation and Laboratory Improvement, Grant Number:
DUE-9751737).
Hardware
Building
The observatory building is a Technical Innovations ProDome.
Its 10-foot diameter structure is equipped with motors to
rotate the dome and open the shutter. The relatively small
size was chosen because this facility will be used almost
exclusively by remote control.

Location
The Angelo State University remotely controlled observatory
is located in Irion County, Texas, and is approximately 20
miles west of San Angelo. This location has a very dark south
and west exposure. The lights of San Angelo are visible in the
east.
Latitude:
31°26’24” N
Longitude:
100°27’42” W
Altitude:
1,000 meters
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Telescope & Mount
The observatory houses a Celestron C-14 Schmidt-Cassegrain telescope mounted on a Software Bisque/SBIG Paramount GT-1100 robotic telescope mount.
CCD Camera
The CCD camera selected is an SBIG ST-7 dual imaging/
self-guiding camera (with one CCD detector for guiding and
another for imaging). Its ﬁlter wheel contains standard Johnson photometric ﬁlters (B, V, R, I) that can be used to produce color images as well as conducting stellar photometry
projects.
Photometer
Also available is an Optec, Inc. SSP-7 Precision Photometer.
Designed for 0.25 meter and larger telescopes, the SSP-7 is
the ﬁrst of a new class of fully automated single channel photometers using dual ﬁlter wheels, a cooled photomultiplier
tube, and complete computer control. Filters included are
Johnson U, B, V, R, I; Stromgren u, b, v, y; and H-beta narrow
and wide.

analysis to understand and compensate for various telescope
misalignments. It is capable of producing pointing accuracy
to within one arc-minute.
CCDSoft controls the operation of the ST-7 CCD camera
and ﬁlter wheel. It also includes image-processing software.
Orchestrate is scripting software that allows automated
control of the telescope and CCD camera. Orchestrate can
serve to control the observatory robotically.
The SSP-7 Control software controls all functions of the
SSP-7 photometer.
Home Director is IBM software that controls dimming of
lights and on/off control of home appliances. It is being used
in this application to control observatory lighting and on/off
control of the telescope mount, CCD camera, and photometer.
Planned Uses
Research
Research projects will be completed by both faculty and students. Most of the anticipated activity will be done with the
SSP-7 photometer. Current projects include:
• AAVSO photoelectric photometry project
• Cepheid variable star project
• Eclipsing binary star project
• Stars with planets project
• University of Texas collaboration project
University Classes
The observatory has already been used with astronomy laboratory students. Labs will also be written that take advantage of
incorporating the observatory into the lecture classes as well.
School Groups
Regional school groups will be using the observatory as part
of their science curriculum. Local jr. high schools and a
neighboring high school are evaluating the use of AAVSO’s
curriculum “Hands On Astrophysics”.

Software
pcAnywhere allows a remote user to control the observatory
(host) computer via a 56k-modem connection. It gives complete remote control of the observatory computer. This software is loaded on both the host (observatory) computer and
the remote computer. All the software listed below is loaded
onto the observatory computer and is controlled remotely
with pcAnywhere.
Dome Wizard is dome control software produced by Technical Innovations, Inc. This software allows shutter and dome
rotation control, including a slaving of the azimuth of the
shutter to that of the telescope. It also includes a weather
station giving temperature, wind speed and direction, moisture and snow sensors.
TheSky software (Software Bisque) provides complete telescope pointing control. It drives the Paramount 1100 mount
to the celestial object speciﬁed.
TPoint software (Software Bisque) when used in conjunction with TheSky produces an accurate telescope pointing

Public Groups
The observatory has already been used with groups attending public planetarium programs, where the “live” images
can be projected onto the dome.
✹
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From Gottorp Globe Through Projection Dome
to the Final Goal of University
Prof. Ramanatha Subramanian1,2
1
2

President, International Planetarium Directors’ Congress
Director, M.P. Birla Planetarium, 96, Jawaharlal Nehru Road, Calcutta, West Bengal 700071, India
Phone: +91 33 2236610 Fax: +91 33 2487988 Email: prof_r_s@hotmail.com

In the late 19th century and early 20th century Science Museums set up hollow globes like Gottorp and Atwood with holes punctured to present the starry skies. Orreries were also attempted. The year 1923 gave the stereo-optical system. The revolution in
IT and LCD projections for text, graphics, animations and movies further increased the value of Planetarium programming towards
greater educational results.
What next is the question? We at the M.P. Birla Planetarium feel that the Planetarium environment and modern high tech facilities
are ideal for moving towards the goal of building the institution into a University covering all areas of astronomy. As a first step we
have started an M.Phil. Degree programme and with well equipped science library and seminar halls we propose to take candidates
for doctorate programmes and for post doctoral work. Telescopic observational facilities are also being expanded.
World renowned museums like the Deutsches Museum in
Munich, the National Science Museum in London, and the
Museum of Science and Industry in Chicago had rich collections of valuable early astronomical equipments like sextants, quadrants, nocturnals as well as originals or replicas
of telescopes from the time of Galileo. No doubt these collections served as valuable source material for researchers
on the history of Astronomy. These important centres also
were keen on educating the public and students on the set
up of the starry skies, the constellations visible through the
seasons and the apparent rotation of the skies through the
hours of the night. As we look back it may seem strange but
all that could be set up were huge hollow globes like Gottorp and Atwood with holes punctured at the appropriate
places to represent the constellations. The visitors entered
through a small entrance door, went inside the globe and
seated themselves in a concentric way. Perhaps the globes
accommodated 12 to 15 persons at a time. Attempts were
made also to graphically present the solar system and the
movement of the planets. Again complicated orreries were
constructed and some of them were fixed on the ceilings.
The Deutsches Museum in Munich seriously thought of
technical research to faithfully present all the constellations,
the apparent motion of the sun, the moon and its phases
and the motion of the planets. The founder of the Deutsches
Museum, Dr Oscar Von Miller, and his associate, Dr. Karl
Bassler, approached the renowned optical firm of Carl Zeiss
at Jena and after a series of meetings and discussions Dr.
Bauersfeld, one of the senior engineers of the firm, undertook in right earnest the project, and came out with a stereooptical system which would be able to project on a dome of
12m all the stars and constellations visible from Munich up
to the 5th magnitude. This was first set up in the Deutsche
Museum in 1923.
All of us are only too familiar with the developments in
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the Carl Zeiss instrument since that time. Instruments were
made which were universal in the sense that one could set
them to project the skies as seen from any latitude in the
North or South. The equipments also had very accurate gear
mechanisms which meshed to give the correct positions of
the sun, the moon and its phases, and the positions of all
five naked eye planets. Certain aspects of nautical astronomy could also be taught using the meridian, the celestial
equator, the ecliptic and the mean sun. The development of
this instrument gave a lot of scope in teaching the students
and public certain aspects of astronomy including nautical
astronomy.
As we move into the new millenium the great advances
in information technology and the versatality of the Internet, with simultaneous development in LCD projectors, have
made it possible to project computer collected data and
graphics and indeed to present views of celestial bodies
as seen from various telescopes which are simultaneously
beamed through the Internet. The advances also made possible the projections of video movies and animations.
In the first four decades after the first instrument was set
up it was essentially meant for teaching astronomy through
live lectures, but gradually the various developments in
Information Technology have transformed the function of
the main instrument into a backdrop and the entertainment
value has taken precedence over education. Now we usually
have automated shows full of slides, panoramic projections,
zooming effects, etc.
We at the M.P. Birla Planetarium felt that the time had
come when all the facilities of the planetarium including lecture and seminar halls and connected, astronomically rich
libraries, and attached public observatories could usefully
serve as a starting point for the goal of building the institution into an astronomical university/deemed university/
open university. No doubt we are running the public shows
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under the planetarium skies, because after all, we want necessary funds to keep the institution going. With a seating
capacity of 689 we conduct programs in English, Hindi and
the local language Bengali, and we have around 500,000
visitors a year. Against this background we started the ﬁrst
phase of our goal by establishing an M.Phil. degree programme in Astronomy and the Planetarium Sciences. At the
moment the degree program is in collaboration with the
Birla Institute of Technology and Science, Pilani (near Delhi)
which has in recent years gathered an international status.
The M.Phil. programme that we are running is of three
semester duration over a period of one and half years.
The ﬁrst semester, of a total of 20 units (5 units each),
covers:
1. Astronomical instrumentation and techniques: Astrometry
2. Structure of the Universe
3. Stellar Astronomy
4. Celestial Mechanics
The second semester also of a total of 20 units consists of:
1. The Milky Way and other Galaxies
2. Radio and other Astronomies

3. Relativity and Cosmology
4. Planetarium Operation and Management
The third semester is fully devoted to a dissertation work
of 20 units where the candidates will be registered under
one of our professors.
The whole program is carried out by ﬁve of our inhouse
senior scientists and 10 of visiting faculties drawn from the
professors of universities and research institutions. We are
already in the midst of running the course which is expected
to be completed by September. From there on there are still
quite a few steps to reach the goal of an astronomical university. It is the dream of this speaker that it will be reached
in the not too distant future. Our own trustees and management are in a mood to give us encouragement, guidance and
help. A society under the name The Birla Institute of Astronomy and Planetarium Sciences is already registered under
which umbrella the M.P. Birla Planetarium functions. This
institute is also in the process of setting up a branch at
Bangalore, South India. With the blessing of all the distinguished astronomical delegates assembled here I am sure
this will be fulﬁlled.
✹
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Quantification of Student Learning in the Museum,
Planetarium and IMAX Theatre
Carolyn Sumners
Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4632 Fax: +1 (713) 639-4635 Email: csumners@hmns.org

In the United States, national and local science standards have established accountability for what students learn in the classroom
and in co-curricular informal experiences such as planetarium programs. This large group study uses randomly selected fourth
and seventh grade classrooms from the Houston Independent School District, an urban minority school system of over 260,000
students. A written instrument was developed to measure student learning gains from a planetarium experience, a natural science
lab, a docented tour of Museum exhibits, and an IMAX film. This instrument was administered before and after the informal science experiences and the difference in scores was used to calculate the test statistic. This paper evaluates each of these learning
experiences and uses specific questions to address the effectiveness of different planetarium presentation formats used in live
and pre-taped presentations. Student gender and interest in science are also correlated with performance on the test instrument.
Results indicate which science concepts are most effectively taught in the planetarium; suggest the relative effectiveness of different presentation techniques; and offer a comparison of the planetarium with other informal science venues.
The two reports which follow summarize the research studies for fourth and seventh grade students.

Summary of An Evaluation of
The Houston Museum of Natural Science
and Houston Independent School District Program
Research Study

Table 1. Demographics for Participating Schools

Design:

School
%Lunch
Codwell Elementary
77.4
Concord Elementary
76.2
Douglass Elementary
98.3
Hobby Elementary
82.2
Peterson Elementary
82.8
R. Martinez Elementary 91.3
Rusk Elementary
88.5
Thompson Elementary 85.3

Dr. Carolyn Sumners
Director of Astronomy and the Physical Sciences
Houston Museum of Natural Science
Evaluation: Dr. W.A. Weber
Chairman, Dept of Curriculum and Instruction
College of Education, University of Houston
Background
In the 1998-99 school year, 14,500 fourth graders and their
teachers from 150 elementary schools participated in a 2.5
hour ﬁeld experience at the Houston Museum of Natural
Science consisting of an interactive planetarium program,
a hands-on science lab, and a docented tour. All planetarium and laboratory experiences were delivered by teachers
that work for the Museum and for HISD. Prior to their ﬁeld
experience, students received a classroom presentation by
an HISD visiting teacher who works out of the Museum.
To evaluate content gains as a result of the Museum experience, all students assigned to visit the Museum during
the ﬁrst week of March were chosen to participate in the
study. This week was selected for convenience in administrating instruments before spring break. Schools had been
randomly assigned to this week. Therefore, results of the
evaluation can be generalized to the HISD fourth grade population. Table 1 describes the eight schools in the study by
the percent of the student population on free or reduced
lunch and ethnicity.
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%White
0.0
2.4
0.0
0.0
0.0
0.0
1.6
0.0

%Black
96.8
92.9
96.7
69.6
65.6
01.9
09.8
93.7

%Hispanic
03.2
04.8
03.3
30.4
34.4
98.1
88.5
06.3

Students took a multiple-choice 45 item test one month
before and within a week after their Museum experience.
This instrument, called the Fourth Grade Science Field
Experience Questionnaire, has four sections:
1. seven items that ask for demographic and anecdotal information;
2. ten multiple-choice items that are concerned with Science
Laboratory Content;
3. six multiple-choice items that are concerned with Museum
Tour content; and
4. twenty-two multiple-choice items that are concerned with
Planetarium content. The Museum’s visiting teacher administered the pretest and the classroom teacher administered the posttest. Matched pretests and posttests were
completed by 438 students.
The Science Laboratory Experience
Students spent one hour in a hands-on science lab utilizing
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examination of real Museum specimens. For the week of the
study, the science topic was Reptiles and Amphibians.

cally signiﬁcant (p <.001). In addition the analysis yielded
an effect size (0.69) that suggests that the gains made by
students from the pretest to the posttest were both statistically signiﬁcant and educationally meaningful with regard
to the Museum Tour. In addition, the results indicate that the
number of correct responses for each if the six items on the
posttest was greater than the number of correct responses
for each of those six items on the pretest. These results suggest that the Museum Tour was effective in increasing student science achievement.
The Planetarium Program
Students attended a 45 minute planetarium program where
audience interaction is encouraged and moving immersive
experiences illustrate concepts.

Figure 1. Before (blue) and after (red) results in the Science Laboratory section of the questionnaire.
The t-test for paired yielded a t (22.98) that was statistically signiﬁcant (p <.001). In addition, the analysis yielded
an effect size (1.40) that suggests that the gains made by
students from the pretest to the posttest were both statistically signiﬁcant and educationally meaningful with regard
to the Science Laboratory. In addition, the number of correct
responses for the eight items of the posttest was greater than
the number of correct responses for seven of the eight items
of the pretest. These results suggest that the Science Laboratory was effective in increasing student science achievement.
The Docented Tour
Students spent 45 minutes on a Museum tour led by a
trained volunteer docent. Student groups visited different
Museum areas. Only the Paleontology Hall was evaluated in
this study.

Figure 2. Before (blue) and after (red) results in the Museum Tour
section of the questionnaire.
The t-test for paired yielded a t (10.45) that was statisti-

Figure 3. Before (blue) and after (red) results in the Planetarium Program section of the questionnaire.
The t-test for paired yielded a t (19.39) that was statistically signiﬁcant (p <.001). In addition, the analysis yielded
an effect size (+1.27) that suggests that the gains made by
students from the pretest to the posttest were both statistically signiﬁcant and educationally meaningful with regard
to the Planetarium. In addition, the results indicate that the
number of correct responses for the twenty-two items on the
posttest was greater than the number of correct responses
for all but two of the twenty-two items on the pretest. These
results suggest that the Planetarium was also effective in
increasing student science achievement.
Further analysis addressed information gathered through
the demographic and attitudinal questions. Achievement
gains in all three areas of the Museum experience were NOT
related to the sex of the students, their interest in science
or their prior experiences in the Museum. The difference in
performance of students who indicated that they were good
in science with those who indicated that they were not good
science students was minimal and limited to the planetarium portion of the questionnaire. Success on the questionnaire extended to all students in the research study.
It was also determined that the Museum experience caused
an increase in the number of students who expressed an
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interest in a science career (from 124 before the visit to 173
after the visit—out of 438 student responses). Students who
wanted to read books about space jumped from 56 to 137.
Teachers were asked to rank the Museum experience from
1-5 (with 1 as unacceptable and 5 excellent). The average
ranking was 4.7 for the planetarium, 4.5 for the classroom
and 4.0 for the tour—all in the good to excellent range.
Teacher suggestions for improvement focused on the need
for a longer ﬁeld experience at the Museum in all three
areas. Only one of the 32 teachers had brought these students to the Museum prior to this program.
Post Hoc Item Analysis of the Planetarium Subscale
The planetarium component of the questionnaire can be
divided into three subscales:
a. Concepts taught primarily through words and non-moving
2D visuals
b. Concepts taught primarily through moving 2D visuals
c. Concepts taught primarily through immersive visuals
Examination of the different questions in each group and
the levels of student mastery provides insights in what is
taught most effectively in the Planetarium.
BEFORE indicates the percentage of students who answered
the question correctly in the pre-test.
AFTER indicates the percentage of students who answered
the question correctly in the posttest.
All questions were multiple choice with 4 stems.
Group A
24. Name two things you can see in a planetarium.
ANSWER: stars and moons
Before 60.50
After 81.74
Gain 21.24
28. When is the sun highest in the sky in Houston?
ANSWER: summer
Before 57.99
After 61.42
Gain
3.43
29. We see so few stars at night in Houston because
ANSWER: the city lights are too bright.
Before 28.54
After 36.30
Gain
7.76
32. The largest planet and the smallest planet are
ANSWER: Jupiter and Pluto
Before 56.85
After 69.18
Gain 12.33
35. Name this star pattern:
ANSWER: Orion, the hunter
Before 23.29
After 38.81
Gain 15.52
41. Venus is the hottest planet because
ANSWER: its atmosphere traps heat.
Before 26.94
After 34.48
Gain
7.54
42. A meteorite is
ANSWER: hard
Before 47.37
After 60.27
Gain 12.90
Before 43.07
After 54.60
Gain 11.53
Group B
25. The sun and stars appear to move across the sky each
day because the
ANSWER: Earth spins on its axis.
Before 23.52
After 29.22
Gain
5.70
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26. Which star is always in the same place in the sky?
ANSWER: “student must identify Polaris on the drawing.”
Before 27.85
After 37.22
Gain
9.37
27. What does the Earth do once a year?
ANSWER: orbits the sun.
Before 36.07
After 58.68
Gain 22.61
33. Which planet makes the fastest trip around the Sun?
ANSWER: Mercury
Before 35.62
After 56.16
Gain 20.54
38. What causes the seasons?
ANSWER: tilted Earth orbiting the sun
Before 31.28
After 44.98
Gain 13.70
40. What is something you can see ONLY on Earth?
ANSWER: liquid water
Before 27.63
After 57.31
Gain 29.68
44. A “dirty snowball” that grows a long tail is called a
ANSWER: comet
Before 36.99
After 59.59
Gain 22.60
Before 31.28
After 49.02
Gain 17.74
Group C
30. Which drawing shows the correct orbits of the planets?
ANSWER: (students must pick out the orbit showing the
inner planets close together and the outer planets far apart)
Before 39.73
After 64.38
Gain 24.65
31. Which of these looks like the Milky Way Galaxy?
ANSWER: “students must pick out the galaxy that has
spiral arms”
Before 59.73
After 80.14
Gain 20.41
34. Which of these is closest in size to the Earth?
ANSWER: Jupiter’s red spot
Before 21.46
After 58.68
Gain 37.22
37. To travel north at night, walk toward
ANSWER: the Big and Little Dippers
Before 17.12
After 40.18
Gain 23.06
39. Describe what you could see on Mars?
ANSWER: pink sky, rocky surface
Before 34.93
After 54.80
Gain 19.87
43. Saturn’s rings
ANSWER: are really millions of icy rocks.
Before 35.85
After 60.50
Gain 24.65
45. A black hole can be caused by
ANSWER: the death of a large star
Before 23.74
After 41.78
Gain 18.04
Before 33.22
After 57.21
Gain 23.99
Summary
A Before 43.07
B Before 31.28
C Before 33.22

After 54.60
After 49.02
After 57.21

Gain
Gain
Gain

11.53
17.74
23.99

Group A topics are the most familiar with students as
shown by the high pretest score. The concepts illustrated
with immersive experiences are the ones that are less familiar and more difﬁcult to teach in the classroom. The gain
score is the greatest for those concepts that were illustrated
with immersive experiences. This result was predicted and
is due to the strength of the animations and the engaging
nature of the immersive experiences.
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Summary of An Evaluation of the Seventh Grade
The Houston Museum of Natural Science
and Houston Independent School District Program
Research Study

Table 1. Comparative Demographics of Johnston Middle School

Design and Analysis:
Dr. Carolyn Sumners
Director of Astronomy and the Physical Sciences
Houston Museum of Natural Science

School

Background
In the 1999-2000 school year, 5,800 seventh graders and
their teachers from participated in a two hour ﬁeld experience at the Houston Museum of Natural Science. Teachers
could select either program or both for their students:
• Program A: 9:30 AM – 12:00 Noon
An interactive planetarium program and either a hands-on
science lab or a docented Museum tour.
• Program B: 12:00 Noon – 2:00 PM
An interactive planetarium program and an IMAX movie
entitled The Great Migrations.
In 2000, Program A was expanded in length to give students more time in the research labs and on tours. Program B
was added to increase the program’s capacity. This research
study is designed to determine the effect of Program B on
student learning. The Museum is considering this program
as a permanent addition to the seventh grade ﬁeld experience.
Planetarium and laboratory experiences were delivered by
teachers that work for the Museum and for HISD. Museum
volunteers led the docented tours. Prior to the ﬁeld experience, teachers received curriculum guides for the Planetarium program and the IMAX movie. The Planetarium
experience was a combination of an interactive presentation
of astronomy concepts speciﬁed by Project Clear (HISD document interpreting the Texas Essential Knowledge and Skills
proﬁcencies) and a pre-programmed immersive experience
entitled The Powers of Time.
To evaluate content gains as a result of the Planetarium
program and IMAX ﬁlm, the researcher decided to sample
all students assigned to the third ﬁeld trip group on the last
day of the seventh grade program. Mrs. Bridge’s classes from
Johnson Middle School were assigned to this time period
and thus became the research subjects in this study. These
students took a pretest during the week prior to their ﬁeld
trip. They took the same instrument as a posttest in the time
period from Tuesday through Friday of the week following
the Friday ﬁeld trip. Ninety-six matched pretests and posttests were collected and used as the research sample.
Johnston Middle School was chosen blindly because of its
assigned ﬁeld trip time. Table 1 compares Johnston seventh
graders with the seventh grade population of HISD.
Although Johnston Middle School has higher achievement
levels than HISD middle schools, it represents an average
middle school for the Houston area. Its population is roughly
a third White, a third Black and a third Hispanic. Its achieve-

Free White Black Hispanic Asian
Stanford
Lunch
Math Science
HISD Middle Schls 73% 9% 33% 55% 3% 38% 36%
Johnston MS
40% 29% 35% 29% 7% 58% 57%

ment levels are just over the national average in science and
math. Its percent of free or reduced lunch students is high,
but not over 50%. Results of this study can be extended to
the general seventh grade population. It is understood that
the results from the lower achieving HISD middle schools
may differ from these.
The seventy item multiple-choice test instrument, called
the Seventh Grade Field Experience Questionnaire, has ﬁve
subscales described on Table 2.
Table 2. Subscales of the Seventh Grade Questionnaire
Subscale
Items Description
Astronomy Knowledge (A-1) 10 Questions address knowledge of
factual material presented in the
Powers of Time
Astronomy Concepts (A-2)
11 Questions address astronomy
concepts (such as the cause of
day and night) presented in the
interactive astronomy section of
the Planetarium show and in the
Powers of Time
Astronomy Application (A-3) 15 Questions address understanding of immersive experiences in
the Powers of Time
Migrations Knowledge/
15 Questions address knowledge of
Concepts (M-1)
factual material presented in The
Great Migrations
Migrations Application (M-2) 20 Questions address recall of specific experiences shown in The
Great Migrations

The Planetarium Program
Students attended a one hour planetarium program with an
interactive component and a pre-taped immersive component called The Powers of Time.
The t-test for paired yielded a t (10.26) that was statistically signiﬁcant (p <.001). In addition, the analysis yielded
a gain of over a standard deviation that suggests that the
gains made by students from the pretest to the posttest were
both statistically signiﬁcant and educationally meaningful
Table 3. Astronomy Subscale Statistics
Subscale
Knowledge
Increase in post-test
1.32
Standard deviation
1.62
t-test statistic
7.77

Concepts
0.94
2.06
4.40

Application Total
2.28
4.54
2.48
4.24
8.84
10.26
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Table 4. Migrations Subscale Statistics
Subscale
Knowledge
Increase in post-test
2.65
Standard deviation
2.94
t-test statistic
8.64

Application
1.94
2.70
6.87

Total
4.59
4.53
9.67

statistically signiﬁcant and educationally meaningful with
regard to the Migrations ﬁlm. These results suggest that the
Migrations ﬁlm was also effective in increasing student science achievement.
Post Hoc Analysis

with regard to the Planetarium. These results suggest that
the Planetarium was also effective in increasing student science achievement.

Subscales are used to identify the kind of learning that
caused student gains. All subscales are displayed graphically
below and all show signiﬁcant gains from pretest to posttest.

The IMAX Film
Students attended the 45 minute long IMAX ﬁlm entitled
The Great Migrations.

The t-test for paired yielded a t (9.67) that was statistically signiﬁcant (p <.001). In addition, the analysis yielded a
gain of over a standard deviation that suggests that the gains
made by students from the pretest to the posttest were both
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The smallest gain occurred in the astronomy concepts subscale which represents the greatest amount of prior knowledge in the student population. The most signiﬁcant subscale
gain came from the application astronomy test which measured student understanding of immersive experiences created by the Planetarium’s new immersive video system. Given
that the time period between the student experience and the
posttest was at least ﬁve days, the student gains measured
in this student represent a real gain in student knowledge
rather than short term recall of speciﬁc information.
✹
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Learning Activities and Primary School Students’
Space Science Conceptions (Workshop)
Marcel Thouin
Université de Montréal, Département de didactique, C.P. 6128, Succursale Centre-Ville, Montréal, Québec H3C 3J7, Canada
Phone: +1 (514) 343-7285 Fax: +1 (514) 343-7286 Email: thouinm@scedu.umontreal.ca

Research studies conducted over the past fifteen years or so have shown that children possess numerous conceptions that are often
inspired by common sense with regard to various subjects in science. An outline of the research on children’s ideas in science is
presented, followed by the results of an action research on children’s ideas in elementary space science. The results include:
- a comprehensive inventory of children’s ideas in space science;
- a bank of learning activities designed to help children’s ideas change and develop;
- a list of assessment indicators;
- the role of a planetarium in children’s ideas as well as in learning activities.
These results should be helpful in making science learning and teaching more successful and rewarding for teachers and children
alike.
Most of those interested in teaching Science at the Primary
School level are aware that students construct certain science conceptions which differ to some extent from science
concepts. In reference to their observation concerning the
difference between students’ science conceptions and science concepts, these same individuals often ask the following questions:
1. What are these conceptions?
2. How do students arrive at these conceptions?
3. How are these conceptions developed in their minds?
4. How can these conceptions be taken into account in teaching and learning?
5. Which learning activities promote reﬂection with regard
to these conceptions?
6. Which learning activities permit these conceptions to
evolve?
7. How can learning be measured and evaluated in a manner
that is compatible with the science learning activities
which promote reﬂection and result in the evolution of
these conceptions?
This paper refers to a review of the literature and presents
the results of an action-research, longitudinal study in an
attempt to examine the elements pertaining to the responses
of the questions posed above.
Characteristics, Origin and Evolution of Conceptions
Research studies conducted in the past ﬁfteen years or so
(Joshua and Dupin, 1993), have shown that students possess
numerous conceptions that are often inspired by common
sense, with regard to various subjects in Natural Science and
that these science conceptions are sometimes quite different
from the science concepts related to these Science subjects.
Evidently, students cannot be considered as a “tabula rasa”
as they do not start out with an empty slate, and without
preconceived ideas when beginning to learn Science. Indicatively, these science conceptions are a function of the ques-

tions and problems posed to a student in a science class;
prior knowledge a student already possesses and which he
brings with him to the science class; intellectual tools, as
in the cognitive operations a student masters; and of the
organization of an entire body of knowledge, its terminology,
schematic representations and symbols, which permit a student to construct his own science conceptions (Giordan and
de Vecchi, 1987).
Often, these conceptions which inadvertently prompt students to give wrong answers to science questions, also illustrate the mode of organized reasoning students engage in
and present a relatively plausible but nonetheless significant explanation as to their acquisition and retention in
relation to observed natural phenomena. In this respect, the
construction of science conceptions at an early age based on
observations of the world around them often persist until
adulthood and resist science teaching which is actually provided in most schools around the world (Resnick, 1982). For
example, if a student is convinced that there exists a “top”
and a “bottom” in the Universe, we would do well to show
him photographs of Earth and of the Globe although he
could continue to believe that a rock thrown in the air does
not follow the same trajectory path in the Northern hemisphere as it probably would in the Southern hemisphere.
Indeed, there may not necessarily be a veritable correspondance between a student conception and his response to
a question. For example, if a student is asked to calculate
what his weight would be on the Moon, he would most probably answer the question by indicating that his weight would
actually be less. Although this is a correct response given the
true science facts, all the while the student may be imagining that this is because the Moon is a “lightweight” planet
characterized by numerous holes which unfortunately, is a
non-scientiﬁc conception of the Moon. Inversely, another
student may indicate that he would be twice as heavy on
the Moon, simply because he has not adequately retained
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the existing relationship between the Earth and the Moon
with regard to gravitational force even though this notion is
nonetheless supposed be a scientiﬁc representation of the
concept of weight.
Student science conceptions do not only persist and resist
science teaching but are also very personal in that even if
all of the students of a class are confronted with the same
natural phenomenon, each of the students could make different observations and provide very diverse interpretations.
Ostensibly, each student is inﬂuenced by his own ideas,
expectations and experiences and strives to reconstruct in
his own way, his view of the world around him. Consequently
however, these conceptions could be at times incoherent
in that students may provide different interpretations, and
sometimes even contradictory interpretations, of the same
scientiﬁc phenomena (Driver, 1989), limiting appropriate
acquisition of science concepts taught in school. Although
independent of each other, student interpretations and
punctual predictions could appear to function well in practice, regardless of whether students see the necessity to
adhere to a model which would permit their uniﬁcation concerning the same phenomena. It is perhaps important to
indicate that these conceptions lead to seemingly adequate
explanations in certain contexts, but completely wrong and
inadequate explanations in others. For example, although
believing that heat is a gas and that this fact explains why
on a very hot day a room becomes warmer when a window is
left open, it does not explain how heat could be propagated
in the void at the speed of light. Moreover, certain student
conceptions manifest an adaptation capacity which permits
to a certain extent, cognitive development. The conception
of ﬁre for example, could successively designate a speciﬁc
substance, a form of energy or a chemical reaction. Although
none of these conceptions correspond to the scientiﬁc concept of ﬁre, the conception of ﬁre as a chemical reaction
denotes a net evolution in relation to the conception of ﬁre
as a speciﬁc substance.
There are multiple origins of a multitude of student conceptions. A large number of conceptions are based on common
sense and on immediately perceptible appearances. Many
conceptions are indissoluble of the general development of
intelligence, as all children at the pre-operational stage of
development for example, resort to animismic or anthropomorphistic explanations. Some conceptions owe their origins
to the social environment of the student. The family, friends,
television, and the theatre propose either explicitly or implicitly, a large number of conceptions which are more or less
scientiﬁc. Others are linked to the affective personality of
the student, and to his unconscious processes as for example,
the conceptions which reﬂect particular fears with regard
to ghosts, bad spirits or monsters. And, certain conceptions
probably have a historical origin as for example, beliefs in
the apparent inﬂuence of the zodiac signs, which have been
directly inherited from the particular history of astrology
and of astronomy in the West (Astoﬂi and Develay, 1989).
The teaching and learning of Natural Science should
invariably take into account student conceptions (Cham-
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pagne, 1992; Duit, 1991). Instead of being founded on a
group of objectives chosen and repartitioned according to
a theoretical logic of scientiﬁc or psychological progress,
teaching and learning activities should constantly adhere
to the explanatory models offered by students with general
goals favouring reﬂection and subsequent evolution of these
conceptions. This eventual evolution could be more successfully realized when the focus is on student perspectives of
science concepts than the reliance on the introduction of
certain phenomena or certain information to the student
within diverse problem-solving situations, which might lead
him instead to feel dissatisfaction with regard to his usual
conceptions. In contrast, the new conceptions presented,
would appear to him both intelligible and plausible, as well
as, fruitful in that they would better explain phenomena
which would otherwise apear to be difﬁcult to explain with
the usual conceptions (Strike and Posner, 1982).
The learning of sciences, if it were to meet with any measure of success, ultimately rests on a certain paradox, necessitating a rupture from the usually referred to conceptions
of science to allow for the acquisition of new conceptions
which nevertheless must take root within the realm of the
usual conceptions in order to gain relevance (Astoﬂi, 1993).
Research Objectives and Methodology
The present paper is a preliminary report of the research
which is currently being conducted. This longitudinal,
action-research project adhering to the conceptual framework and methodology employed by (Goyette and LessardHebert, 1987), was undertaken a few years ago, involving the
participation of francophone students from different regions
of three Canadian provinces, these being Alberta, Ontario
and Quebec. The objectives focus on the following:
1. Establishment (after a review of the literature), of a list of
conceptions already identiﬁed as prevalent with Primary
Schools students.
2. Completion and validation of this list through meetings
with Primary School students and teachers for the purpose
of producing a relatively complete inventory of the principle conceptions prevalently associated with the study of
the Physical Sciences, Earth Sciences, and Biological Sciences and of the Universe.
3. Identiﬁcation of the development mechanisms associated
with student conceptions.
4. Development of a bank of learning activities which favour
reﬂection with regard to conceptions which permit in certain cases the evolution of student conceptions from the
usually referred to conceptions of students and proceed
with experimenting with these activities by involving the
participation of diverse student groups.
5. Deﬁnition of the indicators which would permit veriﬁcation of whether learning activities facilitate reﬂection and
evolution of conceptions. These indicators would illustrate
manifestations of reﬂection and evolution in that the student could adopt a relativistic approach in situating his
conceptions within a speciﬁc application context, and per-
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ceiving the difference between his conceptions and science concepts.
For this research project, although a fair number of conceptions and development mechanisms were taken from
research articles on science teaching, most were derived
from meetings with many groups of students from different
Primary School grades. These meetings usually took place
during science lesson periods or periods reserved for extracurricular science activities. The use of a science video-tape
during the meetings allowed for a more relaxed environment
and interactive process for discussing science. The students
were able to express themselves on the subject of science,
unhindered by the usual conventions of the classroom in
that they felt at ease in answering the questions that were
posed concerning their descriptions, explanations, experiences and predictions relating to the subject of objects,
living beings or presented phenomena. These exchanges were
audio-taped and a journal was kept of the observed interactive process between student, teacher, and researcher, and
maintained throughout the investigation in a rather regular
fashion.
Following the analysis of student conceptions, the learning activities were developed as a function of the characteristics of the student conceptions under consideration, and
as a function of the value of their apparent utility in working with them. A certain amount of effort was expended to
ﬁnd or to imagine applicable concrete activities to facilitate
science learning, but at times, the nature of the conceptions
under study, suggested that the viewing of an audio-visual
documentary, or the reading of texts would be more effective.
A large number of activities seemed at ﬁrst glance to be quite
pertinent however, the selection and retention of appropriate activities was based on their ability to favour the contextualization or the evolution of student conceptions.These
activities were experimented with different groups of students. Moreover, for each of the activities, written indicators were developed to be used for the preparation of various
types of oral and written questions. The answers to oral
questions were also audio-taped on a tape-recorder.
Research Results
The reported results of this research are divided into several thematic sections. Each section contains some tables
depicting various examples pertaining to the science themes
under study. The tables contain the identiﬁed Student Conceptions, the determined Development Mechanisms, the
suggested Learning Activities that allow meta-cognitive processes and the proposed Evolution Indicators of reﬂection
and change which would constitute learning.
Student Conceptions
The student conceptions are presented in the ﬁrst column
of each of the tables of examples. As previously mentioned,
these conceptions come in part from a review of the literature, but principally, from work sessions with students, and
meetings with Primary School teachers. Some of these conceptions may seem to be too advanced for Primary School

students. It should be noted however, that nowadays, certain
students are exposed to multiple sources of science information and possess a science culture that may be surprising, despite the naivité of certain ideas having been formed.
In addition, the student conceptions are often also those
referred to by the adults in children’s lives, who are responsible for their education. Some simple conceptions cannot
be understood without establishing links with more complex conceptions and the conceptual framework to which
they are attached. The list of student conceptions presented
does not by any means pretend to be exhaustive, since further research is being pursued and new conceptions are
constantly being added, but it constitutes nevertheless a
representative sample of Primary School student science
conceptions.
Development Mechanisms
The development mechanisms of student conceptions are
presented in the second column of each of the tables.
Regardless of the origin of a student conception, whether as
a result of common sense, the development of intelligence,
the social environment, or certain general mechanisms of
development, what was considered was the identiﬁcation of
student statements and justiﬁcations of their thought processes. The development mechanisms are a description of
the process of making an inference, the transition of one
idea to another, its pertinence justiﬁed by its link with the
ﬁrst; of the process of restriction, in applying knowledge to a
speciﬁc subject area studied; of the process of extention, in
applying knowledge to a general subject area studied; of the
process of establishing a direct link between two ideas; and
the process of forming a general mental category in reference to many animate and inanimate objects, or phenomena. These development mechanisms are not all-encompassing although the development of certain conceptions
could be explained by extention, or by the formation of a
general mental category. In addition, although the development mechanisms have been corroborated by many students
and teachers, they are much more subjective than the student conceptions. For this reason, in the ﬁnal analysis, the
description of development mechanisms rests on the interpretation of the author (Thouin, 1996).
Learning Activities
Learning activities are presented in the third column of each
of the tables. Most of these activities appear to be the usual
activities proposed in Primary School science classes, except
that in the present case, the important difference is that
they are always associated with frequently occuring student
conceptions. Research on science teaching shows that a science learning activity is much more pertinent and educational when it promotes the engagement of meta-cognitive
processes with regard to science learning. The activities proposed permit students to examine the speciﬁc context in
which their conceptions could be useful and how the presented science concepts they are working on differ from
their student conceptions. Some of the proposed activities
could be considered as problem-solving situations which
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would allow students to consistently discover solutions to
problems, and to resolve the conﬂict between different initial student conceptions or between initial student conceptions and science concepts.
Most of these activities are concrete, practical activities
which could in most cases be realized with inexpensive and
easily available materials. Other activities consist of reading
tests, examining diagrams and tables or viewing audio-visual
material. With reference to this subject, it is important to
note that even if these concrete, practical activities are preferable because they are more stimulating, the theoretical
activities or “thought experiences” could be equally valueable to cognitive development if they permit the evolution of
student conceptions and are not limited to a pragmatic transmission of information purporting to absolute truths. Moreover, many similar learning activities could be introduced
other than the learning activities presented in this paper to
treat the same student conceptions (Thouin, 1997).
Evolution Indicators
Evolution indicators allowing veriﬁcation of whether the learning activities have effectively permitted reﬂection on student
conceptions and their evolution are presented in the fourth
column of each of the tables. These indicators could serve
as a basis for writing test-items in constructing measurement
instruments for oral or written examinations. Most of these
indicators seem relatively modest and undemanding primarily
because they require that a student note the results after certain activities whether these include viewing a ﬁlm, reading,
or conducting an experiment. This modesty and the relatively
simple demands arise from the principle veriﬁed in recent
research studies on science teaching, that it is insufﬁcient to
merely confront student conceptions with science concepts in
the hopes that they might result in conceptions which conform to the body of science knowledge taught in schools. The
learning of science concepts almost always requires a global
conceptual modiﬁcation. Therefore, even an isolated educational activity, should be able to rapidly provoke this modiﬁcation in order for learning to occur. The important thing is
not to verify if the student memorized science concepts, but to
examine whether a difference was noted and by what means,
between a science concept and a student conception, which
permitted the student to begin to reﬂect on the context in
which his conception could or could not be applied. Furthermore, other indices of learning could be added as the indicators suggested in this paper are but an example.
A Teaching Initiative
As mentioned during the discussion of learning activities, it
is not always absolutely necessary, even if it is preferred, to
take into account student conceptions during science teaching and learning. In effect, many science activites as in the
mounting of a collection, observation activities, the construction of educational games, the construction of scale
models, the taking of a picture etc., that are not mentioned
in this paper, could be successfully realized even if student
conceptions are not taken into account. When student con-
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ceptions are to be taken into account as they should be as
often as possible, the following teaching and learning initiative which is an application of the results of this research,
could prove to be successful.
1. The Choice of Theme: With respect to the study program,
choose the themes and science notions on which the next
science lessons will refer to.
2. Discussion of the Notions: In reference to the retained
science notions, ask questions and animate a discussion with
students in order to identify their principle conceptions.
3. Identification of the Conceptions: In consulting the student conceptions presented on the ﬁrst column of each of
the tables of examples in this paper, ﬁnd the descriptions of
conceptions or similar conceptions. It should nevertheless
be noted, that no list of conceptions could be exhaustive
and that each teacher should complete his own tables based
on his own observations.
4. Identification of the Development Mechanisms: Based
on the development mechanisms presented on the second
column of each of the tables of examples and on knowledge
of the group of students, try to understand how the students
justify their thinking. Student conceptions should not be
considered as errors to be eliminated, but as explanations of
the world furnished from their own logic.
5. Animation of Learning Activities: Based on the description of learning activities presented on the third column of
each of the tables of examples, in school manuals and other
resources available, animate the activities which seem to be
most pertinent to help the students to begin meta-cognitive
processes concerning their conceptions and science concepts. The examples of learning activities presented in this
paper are similar to the usual science activities proposed in
Primary School, with the exception that they are associated
with frequently occuring student conceptions. More speciﬁcally, by becoming conscious of these inconsistencies, two
important types of cognitive conﬂict are dealt with by the
student. These cognitive conﬂicts help the student to question his conceptions and to favour their evolution.
Centration conﬂicts may occur in the student when he is
conscious of the inconsistencies that exist between two or
more of his own conceptions. For example, a student may
realize that he thinks that light objects ﬂoat and that heavy
objects sink, but that the ferry he used during his holidays
ﬂoats very well despite its enormous weight.
Socio-cognitive conﬂicts may occur in a group, where
there are two or more students who realize that their conceptions are different. Socio-cognitive conﬂicts may also occur
with one or more students who realize that their conceptions
differ from the conceptions that are generally accepted by
the scientiﬁc community.
Most of the activities which involve centration or sociocognitive conﬂicts are practical activities including experiments and could be realized with inexpensive, easily available
material. Other activities consist of reading texts, examining diagrams and tables or watching audio-visual documentaries. On this last point, it is important to note that even if
the practical, experimental activities are preferable because
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they are more stimulating, theoretical activities or “thought
experiences” are also acceptable for cognitive development
if they favour the evolution of student conceptions and are
not limited to a dogmatic transmission of information that
seems to convey absolute truths. The presented learning
activities are evidently an example of what is possible with
regard to learning, from the same conceptions.
The choice of activities among those shown in the tables,
should be as a function of conceptions most often expressed
by the group of students who study a given theme. It is the
student conceptions which should determine the nature of
the science activities proposed and not the nature of the
science activities which should determine the conceptions
on which the students are to work with. It is preferable to
propose to students, activities that are less spectacular but
directly linked to their conceptions than to propose activities chosen uniquely for their sensational quality.

6. Evaluation With Indicators: In reference to evolution indicators presented on the fourth column of each of the tables
of examples, write open oral or written questions and prepare observation checklists or evaluation ﬁles, which would
permit veriﬁcation of how the activities have promoted reﬂection and evolution of conceptions. Measurement and evaluation should not concentrate on successful memorization of
science concepts but on meta-cognitive processes engaged
in when analyzing conceptions. It is important to remember
that the evolution of student conceptions is sometimes slow,
and marked by slip-ups and back-tracking, regardless of the
educational quality of the science activity, since this type
of work cannot be accomplished in an automatic or instantaneous fashion. Only through frequently repeated science
activities over a period of many years could the gradual
contextualization of student conceptions and the functional
integration of science concepts be facilitated.

Table 1. Examples — Primary students’ conceptions and learning activities
Matter
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Mass and Weight are equivalent
concepts.

Formation of a general mental
category concerning the quantity
of matter.

Calculate their weight if they
were on different planets.

Note that from one planet to the
next, mass is constant and weight
varies.

The temperature of ice is constant and it is therefore impossible to increase its temperature
(e.g. from –30°C to –10°C).

Formation of a general mental
category for all temperatures
that relate to ice.

Measure the temperature of a
heated piece of ice.

Note that ice could have various
temperatures below 0°C.

Forces and movements
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Gravitation is identical to magnetism. (This conception is similar
to that formulated by Kepler in
the 17th century).

Formation of a general mental
category for all which attracts.

Let a magnet fall on a piece
of wood and then on another
magnet.

Note that the fall of a magnet
on another magnet is more rapid
than on a piece of wood.

Pressure is exerted from the
bottom to the top.

The limitation is based on the
experience of effects of pressure
exerted by the weight of an
object.

Plunge to the bottom of a swimming pool and place the head in
different positions.

Note that the water pressure on
the ear drums is the same no
matter what the position.

Even without the force of friction, one should apply a constant
force so that an object could
move with a constant speed.

Extention, movement of all
objects in the universe, current
experiences of movement on the
surface of the earth.

Push the small disks which move
on a cushion of air.

Note that when the forces of friction are almost null, the objects
move at an almost constant
speed.

If an object is not in motion,
there is no force acting on the
object.

Establishment of a direct cause
and effect link between force and
movement.

Discuss the action of gravity on
an object placed on a table.

Realize that the gravitational
force of attraction and the resistance of the table act on the
object.

A ball that has just been thrown
in the air climbs because its
wind speed is much stronger than
gravity. (Conception similar to
that of impetus.)

Inference based on a current
explanation of the movement of
bodies aided by windspeed.

Discuss the forces which act on a
ball thrown upward.

Realize that the only force which
acts on a ball thrown upward is
the gravitational force of attraction.
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Table 1 (Cont’d). Examples — Primary students’ conceptions and learning activities
Electromagnetic waves
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Electromagnetic waves need a
medium to propagate.

Inference based on the experience of waves on the surface of
water, and of sound waves.

Pass a light inside an empty bellshaped cover. Discuss light and
other electromagnetic rays which
come from the stars.

Realize that light and other electromagnetic waves could propagate in the void.

Radio waves are sound waves.

Formation of a general mental
category of all waves which transport sound.

Discuss the fact that radio waves
are indispensible to be able to
proceed with communication on
the moon.

Realize that sound waves could
be transformed into radio waves
and vice-versa.

Development mechanisms

Learning activities

Evolution indicators

Light
Students’ conceptions
All visible objects emit lght.

Establishment of a link between
visibility and the source of light.
Inference based on the impression that only mirrors could
reflect light.

Observe an object in total obscurity.

Realize that an object is invisible
in total obscurity.

Only mirrors reflect light.

Restriction is based on the
observation of a spot of light on
a wall with the aid of a mirror.

In a dark room, light a piece of
white paper placed near a wall.

Note that in certain positions,
the paper reflects light on a wall.

The sky is blue because of
the reflection of the oceans or
because of water vapour in the
air.

Inference is based on the impression that air is totally invisible.

Observe a glass of milk lit by a
pen light.

Realize that the milk appears blue
because the light is diffused by
particles contained in the milk.
Establish an analogy between
particles of milk and nitrogen and
oxygen molecules.

The result of the mixture of
all colours is always the colour
black.

Restriction based on experiences
with the mixture of colours by
subtraction (crayons).

Light a surface with projections
of various colours. Colour a small
surface by using all of the crayons in the crayon box.

Note that the mixture of colours
by addition results in the colour
white, and that the mixture of
colours by subtraction results in
the colour black.

All lenses produce a much larger
image of an object.

Restriction based on knowledge
of the properties of a magnifying
glass (biconvex lens).

Observe objects with the aid of
convex and concave lenses.

Note that convex lenses produce
much larger images and that concave lenses produce much smaller
images than the actual object.

Heat
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Heat is a substance which moves
from one point to another. (Conception similar to that of caloric.)

Extension to heat, the observation of water running down
tubes. Inference based on current language (of making heat
come out, perspiration).

Weigh a cold object, heat it, and
weigh it again.

Note that the warm object is not
heavier than the cold object.

Metallic objects are colder than
others.

Inference based on the sensation
of cold at the touch of metallic
objects.

Place a thermometer on different
metallic and non-metallic objects
situated in a room.

Note that metallic and nonmetallic objects are all at room
temperature.

Materials such as aluminum are
good thermal insulators.

Inference based on the sensation
of cold at the touch of metals.
Inference based on the frequent
use of aluminum paper to keep
foods fresh.

Envelope a cube of ice or a very
warm object in different wrappings (aluminum paper, newspaper, cloth, etc.).

Realize that aluminum paper is a
good conductor of heat but a
poor thermal insulator.
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Table 1 (Cont’d). Examples — Primary students’ conceptions and learning activities
Sound
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Inference based on the fact that
liquids and solids offer more
resistance than air at the movement of objects.

Listen to the transmission of the
same sound in air, in water, and
in a solid.

Realize that sound is transmitted
better in liquids than in air, and
much better in solids than in liquids.

Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

The radio permits the direct
emission and reception of sound
waves.

Restriction based on knowledge
of the usual mode of sound wave
propagation.

Unhook the loudspeakers from a
radio equipped with lit indicators
for volume and bass.

Note that a radio could capture a
signal even if no sound could be
heard.

Development mechanisms

Learning activities

Evolution indicators

Sound could not propagate, or
propagates better in air than in
liquids and solids.

Telecommunications

Earth
Students’ conceptions
In the southern hemisphere,
people live upside down, water
spills out of glasses, and rocks
thrown in the air do not fall back
down to the ground.

Inference based on the impression that there is a “top” and a
“bottom” in the universe.

Watch a documentary on Australia, New Zealand, or Argentina.

Note that gravitation has the
same effect in the southern and
northern hemispheres.

Continents are immobile.

Inference based on the quasiimperceptive movement of continents to human life.

Examine the shape of continents.

Realize that certain continents
could be fitted together just like
pieces of a puzzle.

The depth of oceans represent
an appreciable portion of the
radius of the Earth.

Inference based on the great
depth of oceans.

Observe a diagram of a crosssection of the Earth on which the
ocean levels are represented.

Realize that the depth of oceans
represent an insignificant portion
of the Earth’s radius.

Both the north and south polar
ice caps rest on continents.

Inference based on the observation of snow and ice accumulation in winter.

Examine the geographical maps
of the North and South Poles.

Note that the ice cap of the
South Pole rests on one continent but most of the ice cap of
the North Pole is a floating body.

Compasses are attracted towards
the north because there are magnetic minerals in the North Pole.

Inference based on the observation of the movement of a compass needle.

Observe a compass placed near
a coil of wire in which electrical
current circulates. Examine a diagram of lava movement under the
Earth’s crust.

Note that the circulation of
charged particles cause the production of a magnetic field.

The change in seasons depends
on the distance between the
Earth and the Sun.

Inference based on the experience of heat felt at different distances from fire.

Measure the distance between
the Earth and the Sun in Summer
and in Winter on a diagram of
the orbit of the Earth around the
Sun.

Note that the Earth is farthest
from the Sun in Summer rather
than in Winter.

The Atmosphere stretches out
indefinitely in the universe.

Inference based on the impression that there is no difference
between the atmosphere and the
void.

Examine a diagram of a cross-section of the atmosphere.

Note that above an altitude of
400 km, the density of gas is
almost nil.
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Table 1 (Cont’d). Examples — Primary students’ conceptions and learning activities
The Universe
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Earth is the center of the solar
system

Inference based on the fact that
all stars seem to revolve around
the Earth.

Observe the phases of the planet
Venus with a telescope. Observe
the retrograde movement of the
planet Mars.

Realize that there are indices permitting the belief that Earth and
the other planets revolve around
the Sun.

With a full moon, the whole
moon is lit and with a New Moon,
the whole moon is in obscurity.

Inference based on the part of
the Moon which is visible to
someone observing from Earth.

Examine a diagram of the Moon
in different positions, relative to
the Earth and the Sun.

Realize that throughout the
Moon’s orbit around the Earth,
half of the Moon is always lit by
the Sun.

The Sun is a celestial body that is
much larger and warmer than all
of the other stars.

Inference based on the appearance of the Sun and of the other
stars.

Examine a diagram of the different types of stars.

Realize that the Sun is a small
star with an average temperature.

The North Star is much larger
and brighter than the other stars.

Inference based on the importance given to the North Star
for navigation purposes in the
Northern Hemisphere.

Compare with the naked eye the
magnitude of the North Star with
that of the other stars and compare the documented size of the
North Star with that of the other
stars given in a table of (size)
references.

Note that many of the stars, have
a larger size and magnitude in
comparison to the North Star.

The light of stars comes to us
instantaneously

Inference based on the impression that the speed of light is
infinite.

Divide the distance between the
Earth and some stars by the
speed of light.

Note that the light of certain
stars requires tens of years to
come to us.

Sight
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

The eyes send “rays of vision”
toward objects and capture their
reflection, a little like the principle of radar.

Extention to eyes of the known
mechanism in the bat.

Try to see objects in total obscurity.

Note that the eyes do not emit a
ray and do not permit one to see
in total obscurity.

Depth and relief could be perceived just as well by one eye
than by two.

Extension to monocular vision
the characteristics of binocular
vision.

Try to touch a point situated
on a table while having one eye
closed. Walk on uneven ground
while having one eye closed.

Note that depth and relief are
better perceived with binocular
vision.

Scientific Discovery
Students’ conceptions

Development mechanisms

Learning activities

Evolution indicators

Science comprises of absolute
truths.

Inference based on the dogmatic
and encyclopedic manner in
which science is often presented.

Watch documentaries and read
texts on the history of science.

Realize that scientific laws and
theories could be put to question.

A theory is a doubtful speculation.

Inference based on the current
connotation which is sometimes
given to the word theory.

Analyze examples of important
scientific theories.

Note that a theory is a plausible
scientific explanation.
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Conclusion
Further research is needed to pursue the identiﬁcation and
description of student conceptions and to discover more
appropriate ways to take them into account during teaching.
Research on the establishment of continuities and ruptures
between student conceptions with respect to Primary and
Secondary School students would be equally paramount.
Enhanced knowledge about student conceptions and development mechanisms in reference to student conceptions
would ultimately allow the amelioration of preparation practices concerning study programs, teaching material, and
measurement instruments, in that these important aspects
would be better adapted to the needs of both students and
teachers.
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Help Students Calculating Chinese Calendar
Dr. Wang Rongbin
Beijing Planetarium, 138 Xi Wai Street, Beijing 100044, People’s Republic of China
Phone: +86 10-68351613 Fax: +86 10-68353003 Email: rbwang@mx.cei.gov.cn

1. Foreword
The Chinese calendar, a great creation of Ancient China, is
a type of lunisolar calendar that relies mainly on the Moon’s
revolution period but also gives consideration to the Earth’s
revolution period.
Generally, in China, all the calendars include both the
Gregorian and the Chinese calendar. They appear as tables
where one row shows the Gregorian calendar dates while the
next row shows the corresponding Chinese calendar dates;
this pattern repeats one row after another. The columns of
the tables simply match the days of the week.
It is relatively simple to generate a Gregorian calendar
with the help of a computer. However, writing a computer
program to produce a Chinese calendar is a much more difﬁcult task, because the primary rule demands that the ﬁrst
day of every month must be the day of the new moon. That is
to say, when we try to ﬁnd the ﬁrst day of a month, we must
calculate the ecliptic longitude of the Sun and the Moon.
But as you might know, this kind of calculation is very complex. For example, the Moon’s ecliptic longitude is given by
a polynomial with more than 1600 terms… and we need
to repeat this calculation several hundred times! In China,
the Zijinshan Observatory, CAS, takes this arduous task in
hand.
However, for the purpose of calendar making, the position
of the Sun and the Moon do not need to be calculated to a
very high degree of precision. Also, we do not need to ﬁnd
out the exact moment of the new moon and the solar terms:
a simple indication such as “Today is the Spring Equinox”
is sufﬁcient. We can therefore simplify the calendar making
algorithms, so the students can work with them and design
the computer program by themselves.
2. The Elements of the Chinese Calendar
The Chinese calendar is a kind of lunisolar calendar. Its
main feature is that all the dates in each month conform to
the lunar aspect, while also taking into account the change
of the seasons in a tropical year. But, it has its shortcomings
too. For example, the length of the year varies quite a bit:
ordinary years (12 months) have 353 to 355 days, whereas
leap years (13 months) have 383 or 384 days, and there is no
easy way to remember which one is in effect.
However, putting aside the problem of how to remember
it and instead trying to make a computer program will be
more meaningful. Certainly, before designing the program,
we should start by explaining to the students the elements of
this calendar.
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2.1 The Big and Small Month
The ﬁrst day of a month is called “Chuyi” in the Chinese
calendar. The length of the mean synodic month is 29.5306
days. So we must have big months (30 days) and small
months (29 days) to balance it. The number of days between
successive new moons determines whether a given month is
big or small. Because the orbits of the Earth and Moon are
not perfect circles and because of the inﬂuence of perturbations, we may have three or four big or small months in a
row.
2.2 The name of the month
In the Chinese calendar, an important element is the 24
solar terms. They are chunfen (spring equinox), qingming
(clear and bright), guyu (grain rain), lixia (beginning of
summer), xiaoman (lesser fullness), mangzhong (grain in
ear), xiazhi (summer solstice), xiaoshu (lesser heat), dashu
(great heat), liqiu (beginning of autumn), chushu (end of
heat), bailu (white dews), qiufen (autumn equinox), hanlu
(cold dews), shuangjiang (descent of hoar frost), lidong
(beginning of winter), xiaoxue (lesser snow), daxue (great
snow), dongzhi (winter solstice), xiaohan (lesser cold), dahan
(great cold), lichun (beginning of spring), yushui (the rains),
jingzhe (awakening of insects). 12 of them (such as qingming, lixia, etc.) are called “jieqi” (literally “section”), while
the other 12 terms (such as chunfen, guyu, etc.) are called
“zhongqi” (“mid-period”). The name of a month is determined by its zhongqi term. For example, the month that contains the term “yushui” is the ﬁrst month; the month that
includes the term “chunfen” is the second month; the month
that includes the term “guyu”, the third month, and so on.
2.3 Intercalation Cycle and Arrangement
The Chinese calendar has an intercalary cycle of seven leap
months in nineteen years. The leap months will be the
months that have no zhongqi. The reason for this arrangement can be shown as follows:
We know that 19 lunar years plus 7 leap months total 235
synodic months: then 235 Ω 29.5306 = 6939.6910 days.
Also, 19 tropical years have 19 Ω 365.2422 = 6939.6018
days. On the other hand, the same 19 tropical years will
contain only 228 jieqi and 228 zhongqi, but 235 synodic
months. It follows then that 7 synodic months will have no
jieqi and 7 months will have no zhongqi. So taking these 7
synodic months without zhongqi as the leap months, all the
other months will bear the name of their zhongqi.
According to the intercalation rules of the Chinese calendar, special consideration must be paid to the following situations: (1) If a certain month contains two zhongqi, the next
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month that will have no zhongqi will NOT be considered a
leap month. (2) If two months have no zhongqi during the
same leap year, only one of them will be considered intercalary. If any of these special situations arises, it must ﬁrst be
ensured that the Winter Solstice falls in the eleventh month.
3. Calculating the Position of the Sun and the Moon
3.1 The Position of the Sun
To calculate the time of the new moon, we need the data of
the ecliptic longitudes of the Sun and Moon. Let’s discuss
how to ﬁnd the ecliptic longitude of the Sun ﬁrst as it is
easier than that of the Moon. To do this, we ﬁrst need to
deﬁne the epoch on which we shall base our calculation. We
can choose January 0.0 of the year 2000. From the Chinese
Astronomical Ephemeris we can ﬁnd the Sun’s mean ecliptic
longitude, E g, and the ecliptic longitude of the Sun’s perigee
at the epoch, Wg. We also need the constant ε, the eccentricity of the Sun-Earth orbit.
We can easily calculate the mean anomaly,
M = 360 ⋅ D / 365.2422 + E g – Wg,
of the ﬁctitious mean Sun that moves in a circle around the
Earth at a constant speed. Here D is the number of the days
since the epoch. Then we can ﬁnd the true anomaly, V, of the
true Sun’s motion in the ellipse. And it can be found from
the equation of the center (see formula [1]).
V = M + (360 ε ⋅ sin M) / ?

[1]

Then ? = V + Wg. Although we have only taken the ﬁrst term
in the equation of the center in formula [1], and not taken
account of all the other sorts of tiny perturbations due to
the planets in the solar system, we already have sufﬁcient
accuracy for our purpose.
3.2 The Ecliptic Longitude of the Moon
To an Earth-bound observer, the Moon appears to be in
orbit about the Earth. But to a celestial observer, he would
see the Moon making loops in space about the Earth, while
the Earth orbits around the Sun. Because of the Sun’s great
gravitational pull on the Moon, the Moon’s orbit wiggles a
little as the relative position of the Earth and Moon changes.
And because of the Sun’s gravitation, the perigee of the
Moon’s orbit advances at such a rate that it makes one complete revolution in 8.85 years, while the line joining the
nodes moves backwards around the ecliptic at the rate of
18.61 years for one revolution. So the calculation for the
Moon’s position is very difﬁcult.
For the purpose of our calculations, imagine that both the
Sun and the Moon are in orbit around the Earth. We need
to take account of the corrections due to the three main
effects of the perturbations caused by the Sun. The ﬁrst one
is called evection, the second is the annual equation, and
the third is variation. Certainly, we must also take account
of the correction called the equation of center. When all of
these corrections are taken into account, the position of the
Moon can be found to within one ﬁfth of a degree. For the
details of the calculation method for the Moon’s position,

please refer to the book by Peter Duffett-Smith.
4. The Computer Programs
4.1 The Program for the Gregorian calendar
It is simple to write the computer program of the Gregorian
calendar. First of all, ask the user to specify the year for
which he or she wants the calendar tabulated. Then establish whether it is a leap year and what day of the week January 1st of that year is. Then, according to the number of days
in every month, arrange the dates so they correspond with
the weekdays’ order month by month.
There is a trick that can be used in designing the program:
that is the circulating principle of the week order over a long
period of time. For example, the week order moves forward
one day with respect to the calendar dates in non-leap year,
and two days in leap years. We can also choose a starting
date, then ﬁnd the corresponding Julian day number and
depend on it to conﬁrm the week order.
4.2 The Program for the Chinese Calendar
In order to make the computer program for the Chinese calendar, we must ﬁrst calculate the ecliptic longitude of the
Sun and Moon, according to the simpliﬁed algorithms introduced in section 3, at 0 hour of the ﬁrst day of the particular
year that the user wishes to tabulate. Then the ecliptic longitude of the Sun and Moon are calculated at 0 hour every
day of that year, and all the data put in an array. We also
need to ﬁnd where the 24 solar terms are, and put them in
another array. Then, the data of the Sun’s ecliptic longitude
and that of the Moon are compared: if the difference in longitude changes sign between two successive days, the ﬁrst of
these two days must include the new moon. These dates are
then put in a third array.
Finally, on the basis of the data in arrays 2 and 3 and using
the intercalation rules of the Chinese calendar, we can produce the calendar table which contains the dates of the Gregorian calendar and the Chinese calendar month by month.
5. Conclusion
Although the calculation of the Chinese calendar is made
very difﬁcult by many trivial details, the actual results of the
project show that students can understand how the calendars work, and the computer program is an excellent way to
introduce these concepts. For example, students in grades
8 to 9 are particularly interested in the section on the Gregorian calendar, while students in grades 11 to 12 can complete the whole course.
We are very glad to see that this project not only introduces students to some astronomical concepts, but also gives
them comprehensive training in mathematics and computer
science; in the end, the students are rewarded with a kind of
sense of achievement.
✹
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Hosizora No Rentai: A Campaign of
Simultaneous Observation in a Whole Country (Poster)
Yoshiya Watanabe
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Since 1996, the author has sponsored a series of monthly stargazing campaigns — “Hosizora No Rentai,” which means “fellowship
under the starry sky” — for improving school teachers’ astronomical literacy. During the campaign, participants observe the same
objects at the same time in every corner of the country. Afterwards, participants report together and discuss their observations via
computer networks. This low-cost campaign is a highly effective method of education and promotion of planetaria.
Since December, 1996, the author has led an astronomical
observation campaign called “Hosizora no Rentai,” “fellowship under the starry sky.” This program is mainly geared
toward school teachers. Each monthly campaign features a
particular theme, and the guide sheet proposes the simultaneous observation of a certain celestial body. The campaign
has now been held more than 40 times.
The author does not receive help or funding for this
campaign. This shows that such a project can be done at
extremely low cost. The author believes that, with such a program, even a small planetarium can have an important social
impact.
History of the Campaign
At the origin of “Hosizora no Rentai” is an activity introduced by Mr. Komori, a science teacher at a junior high
school. During the winter of 1984, he began to ask his class
to look at the starry sky at 10 o’clock every night. His main
objective was to have his students share impressions of the
same starlit sky. Another goal was to arouse his students’
interest towards the universe. He was able to involve his
students by having them carry out long-term observations
enthusiastically using stars as a common topic. This project
allowed students to become aware of slowly changing phenomena such as the annual motion of the Earth. This practice continues to the present.

In 1995, the author got acquainted with Mr. Komori
through a BBS called “Education Practice Forum” that gathers thousands of K-12 teachers. The members of the BBS
have consulted the author regarding this practice. They ﬁrst
wanted more detailed explanations about the stars. They also
requested background information on astronomical phenomena. Then they asked me to write observation guides
for beginners. Even participants of other BBSs requested to
receive these guides on a regular basis. The author knew that
many K-12 teachers present an astronomy unit without ever
having observed the starry sky. Because of that, many teachers in Japan are uncomfortable with the idea of asking their
students to perform astronomical observations. Thereupon,
I intended to show teachers that celestial observation is easy.
This is how the campaign all began.
The Campaign Today
The campaign is carried out every month and has now been
held more than 40 times. It is estimated that each campaign
attracts between 1000 and 10,000 participants.
The procedure of the campaign is as follows:
1. Selecting the observation theme,
2. Writing the guide sheet,
3. Distributing the guide sheet,
4. Observation and Report.
These steps are detailed below.

Table 1. Themes of observation
Dec. 1996
Jan. 1997
Feb. 1997
Mar. 1997
Apr. 1997
May 1997
June 1997
July 1997
Aug. 1997
Sep. 1997
Oct. 1997
Nov. 1997
Dec. 1997
Dec. 1997
Jan. 1998

Geminids
Sunset
Colors of the Winter Stars
Solar Eclipse
Comet Hale-Bopp
Stars of the Spring Sky
The Sun at Summer Solstice
Vega and Altair
Perseids
Lunar Eclipse
Andromeda Galaxy
Leonids
Sun, Moon, Planets
Light Pollution
Occultation of Aldebaran

Feb. 1998
Mar. 1998
Apr. 1998
May 1998
June 1998
July 1998
Aug. 1998
Sep. 1998
Oct. 1998
Nov. 1998
Dec. 1998
Jan. 1999
Feb. 1999
Mar. 1999
Apr. 1999
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Winter Stars & the Life of Stars
Path of Moon and Sun
Conjunction of Venus & Jupiter
Stars of the Spring Sky
Full Moon in the Summer
Sky Environment Check
Jupiter-rise
Sunset at Solar Equator Festival
Giacobinids
Leonids
Geminids
Planets and Lunar Eclipse
Stars of Winter with Canopus
Looking for Mercury
Introduction to Stargazing

May 1999
June 1999
July 1999
Aug. 1999
Sep. 1999
Oct. 1999
Nov. 1999
Dec. 1999
Jan. 2000
Feb. 2000
Mar. 2000
Apr. 2000
May 2000

Mars Campaign
Occultation of Regulus
Lunar Eclipse
Perseids
Milky Way
Moon, Jupiter, Saturn
Leonids
Geminids
Pleiades
Planets in the Evening
Big Dipper
Looking for Vega
Sunspots

Education and Outreach
1. Selection of the observation theme
The observation theme is selected from the requests of participants. I have mostly chosen objects or phenomena that
everyone is able to observe with the naked eye, even from
light polluted cities. Tables 1 and 2 summarize the observation themes.
Table 2. Breakdown of themes in terms of object type
Meteors
Moon
Sun
Planets
Comet
Fixed stars
Galaxy

9
9
7
8
1
14
2

*********
*********
*******
********
*
**************
**

2. Production of the Guide Sheets
The guide sheets that the author makes and uses for observation have the following structure:
• An introduction, that underscores the importance or interest of the object or phenomenon
• The theme and, if relevant, the date and time of observation
• Notes on participation (crime prevention measures, etc.)
• Observation method
• Report method
• Literature about the object (cultural history to latest
astronomy)
The size of the guide sheets ranges from 6 to 12 Kbytes.
Figures are included in plain text format, to increase compatibility and facilitate their distribution. The guide sheets
are currently available only in Japanese (Fig.1). The contents
are written with fifth graders (age 10-11) in mind.
3. Distribution of the Guide Sheets
The guide sheets are distributed as electronic files. In addition to the BBS, the files are made available by e-mail,
web page and Japan original astronomy information network
PAONET. 2000 to 3000 copies of the files are distributed
directly each month, mainly to school teachers. The total
readership of the guide sheets may reach tens of thousands.
Furthermore, the guide sheets are more and more often
used in class: the material is not copyrighted and can be
freely adapted. Past guide sheets are made available for this
purpose on the following website: http://member.nifty.ne.jp/
science/hosiren/
4. Observation and Report
Observations generally take no more than a few minutes to
complete. Objects are selected so that they can be observed
in big cities or in the country without requiring a special
instrument; that way everyone is able to participate right
away. Also, the participants are given an incentive to observe
simply by knowing that, at the very same time, someone else
is looking up at the starlit sky. In a sense, no participant
is really ever alone. That’s where the campaign really takes

Figure 1. A typical issue of the guide sheet

on its name: “Rentai,” “solidarity.” Some participants submit
their report over the BBS or through the web page, others
simply email or write the author with their results. Participants can compare each other’s results and share impressions: discussions often develop over the BBS. It seems that
seeing other participants’ reports is a strong incentive to try
and do better at the next campaign!
Future of the Campaign
The goal of the campaign is to bring the joy of astronomical
observation to many people, and especially help teachers
adopt astronomical observation as a key instrument in their
curriculum. Because this objective has yet to be achieved
on a large scale, the campaign will continue! Distribution
of the guide sheets will be enhanced in order to increase
the number of participants. Also, because the campaign has
grown beyond what a single individual can handle, volunteers will now help to prepare texts, distribute the guide
sheets, collect the reports, and expand on the mechanisms
through which the participants can exchange their thoughts
and ideas. Finally, if possible, it might be time to consider
translating the guide sheets and expanding the campaign
outside Japan.
✹

IPS 2000 Conference Proceedings ✹ 59

Education and Outreach

The Stars Shine Brightly in Nova Scotia Schools (Poster)
Mary Lou Whitehorne
The Atlantic Space Sciences Foundation, c/o 53 Zinck Ave., Lr. Sackville, NS B4C 1V9 Canada
Phone: +1 (902) 865-0235 Fax: +1 (902) 864-7256 Email: tassf@hercules.stmarys.ca

Astronomy awareness is on the rise in Nova Scotia, thanks to The Atlantic Space Sciences Foundation (TASSF), a group of volunteer
amateur astronomers, who have been working hard since 1990 to promote astronomy and space science in both the public and
educational sectors in Nova Scotia. They have enjoyed considerable success through several different avenues and with a variety
of partners.
Initial Outreach

Starlab Teacher Workshops

1994 saw the Foundation’s ﬁrst real effort with the successful implementation of a Challenger Learning Centre teacher
workshop, “Touching the Future, Linking the Classroom with
Space.” This coincided with an astronomy outreach program
that put hands-on classroom activity lesson plans into the
hands of 250 Nova Scotia teachers.

TASSF provides teacher training and support for the Starlab.
On average, the Starlab sees between 8 000 to 10 000 student visits per year. At present, approximately 35 000 students have enjoyed Starlab. Student visits vary from 150 to
1000 students per week.
There are now about 200 qualiﬁed Starlab teachers in
Nova Scotia, all of whom enthusiastically endorse the program. Students love it, parents enjoy it, and it is usually the
talk of the town when it visits a school. It is used at all grade
levels and in all areas of the curriculum. As teachers become
more familiar with the capabilities of the Starlab, and more
conﬁdent in their own abilities, they see more and more
ways to use Starlab in their daily teaching.
Starlab Teacher Workshops are offered at two different levels:

The Halifax Planetarium
The second area where the Foundation has been very active
is the small and aging Halifax Planetarium. For several years
the planetarium hosted both public and school programs,
introducing thousands of Nova Scotians to the wonders of
the night skies. Sadly, the scope of this effort has now been
reduced somewhat due to lack of institutional support from
the government agency that owns, and is responsible for, the
planetarium.
Tailor Made Universe
TASSF now operates more limited programming in the Halifax Planetarium. Called “Tailor Made Universe,” this program
offers custom planetarium shows to groups and classes that
book in advance. TASSF made arrangements with astronomy
graduate students at Saint Mary’s University Department
of Astronomy & Physics to provide planetarium programming to school and community groups on a ﬂexible schedule. The number of planetarium programs offered each year
varies with the changing number of available graduate students, but somewhere between 1000–2000 students each
year enjoy our “Tailor Made Universe.”
Starlab — Our Flagship Program
Astronomy education in Nova Scotia has reached new heights
in recent years with the advent of our Starlab portable planetarium program. The Starlab is one of Nova Scotia’s most
dynamic and successful science outreach programs.
The Starlab portable planetarium has been operating in
Nova Scotia for the past four and a half years and has been
wildly successful during that time. The waiting list for the
Starlab can be anywhere from six to twelve months long and
the unit has been in continual use since its introduction into
Nova Scotia schools.
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Basic Workshop Content:
• familiarization with the Starlab
• set-up and take-down procedures
• safety concerns
• basic sky orientation constellations
• sky lore
• moon phases
• curriculum links
Advanced Workshop Content:
• the celestial co-ordinate system
• sky motions
• length of day
• reason for the seasons
• more constellations and sky lore
• the zodiac
• astrology vs. Astronomy
• light & colour
• dark adaptation
• more curriculum links
Our Expanding Universe
TASSF is now implementing its second annual 4-day Astronomy Summer Institute for interested teachers. This program
gives teachers the astronomy background they need to fully
engage their students in an exploration of the universe. The
great success of Starlab has led to meetings with Nova Scotia
Department of Education ofﬁcials who want to see this type

Education and Outreach
of astronomy education and the Starlab program expanded
even further in the schools.
Summary of Activities 1990–1999
Halifax Planetarium
• public, school & community groups (1990–1997)
• Tailor Made Universe (1997–1999)
• Teacher Outreach — lesson plans & workshops
• Starlab Mobile Program (1996–1999)
Grand Total

24 000
4 000
450
30 000
58 500

Conclusion
Astronomy is universal in its appeal and application. It is the
oldest, largest and grandest of the sciences. It has inﬂuenced
every aspect of every culture ever to have existed on Earth.
Everyone has at least a passing interest in what’s “up there.”
Most young people have an intense interest in the subject
and enjoy its study accordingly. Given this level of interest,
it would seem to be wise to take advantage of all that astronomy has to offer to enhance the quality of education in
today’s schools.
✹

Basic Starlab Workshop — The Power of Starlab
Mary Lou Whitehorne
Design Group Displays & Learning Technologies, 2635 Clifton St., Halifax, NS B3K 4V4 Canada
Phone: +1 (902) 421-1507 Fax: +1 (902) 421-1751 Email: ml.whitehorne@stmarys.ca

Science is based on inquiry, experimentation, observation, and explanation. Many teachers find themselves teaching science even
though they have no science background. Starlab provides a unique and versatile environment that greatly enhances learning
through hands-on and minds-on activities. In Starlab the students are actively involved in the scientific process: they investigate
their own ideas by formulating hypotheses, making predictions, and then simulating the outcome with the Starlab. They can then
compare their own ideas with what actually happens and explain why (or why not) their predictions are (or are not) correct. This
workshop will demonstrate how teachers and students can use Starlab as an effective instrument of scientific inquiry by hypothesizing, predicting, experimenting, observing and explaining.
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A Planetarium for All:
Reaching Underserved Groups (Panel Discussion)
Chair: Noreen A. Grice1
Panelists: Anthony P. Fairall2, David Hurd3, April Whitt4, and John Dickenson5
1

Charles Hayden Planetarium, Science Park, Boston, MA 02114-1099, USA
Phone: +1 (617) 589-0273 Fax: +1 (617) 589-0454 Email: ngrice@mos.org
2
Department of Astronomy, University of Cape Town, Private Bag, Rondebosch 7700, South Africa
Phone: +27 (21) 650-2392 Fax +27 (21) 650-3342 Email: fairall@physci.uct.ac.za
3
Professor and Planetarium Director, Edinboro University of Pennsylvania, 104 Cooper Hall, Edinboro, PA 16444, USA
Phone: +1 (814) 732-2493 Fax: +1 (814) 732-2422 Email: dhurd@edinboro.edu
4
Astronomer, Jim Cherry Memorial Planetarium, Fernbank Science Center, 156 Heaton Park Drive NE, Atlanta, GA 30307, USA
Phone: +1 (404) 378-4311 x221 Fax: +1 (404) 370-1336 Email: april.whitt@fernbank.edu
5
Managing Director, H.R. MacMillan Space Centre, 1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada
Phone: +1 (604) 738-7827 x234 Fax: +1 (604) 736-5665 Email: jdickens@axionet.com

Planetarium shows can be a great equalizer among diverse audiences. We are all of the human race and all share the same home
planet, view the same moon and dream under the same stars. Given such commonalities, why shouldn’t we share the same adventures under a domed sky?
Visual-impairements, hearing-impairements, physical disabilities, or language incompatibilities can be considered impenetrable
obstacles or achievable challenges.

Paper by Noreen A. Grice
“A Planetarium for Everyone”
The Planetarium is not just a round room, it is a place that
takes people to locations they may never personally visit. It is
a spaceship through the universe and a virtual reality simulator to the stars.
Thirty years ago, people who visited the planetarium would
sit quietly and listen as the person in the booth told stories
about the stars and pointed out the constellations. As we
begin a new millennium, the planetarium continues to be
a capsule of the imagination. Visitors are guided through
Earthly skies and galactic adventures. However, today’s visitors are varied; for example, they often speak a different language or they may have a disability. Meeting their needs may
require special accommodations such as adaptive resources.
I would like to tell you about the resources I have helped
develop for the Charles Hayden Planetarium, Boston.
In 1984, I was a college student and I worked part time at
the Charles Hayden Planetarium. One Saturday, I observed
a group of blind students from the Perkins School for the
Blind. They were assisted into the planetarium, listened to
the program and left with rather unimpressed expressions
on their faces. The show had a mixture of narration and
music but without sight and sound combined, it was difﬁcult
to understand the program’s concepts. This was a very powerful and eye-opening experience for me; I had never considered that a blind person would be interested in astronomy.
But why not?
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I immediately began working on a descriptive brochure
about astronomy that I thought would be useful if translated
into Braille. This brochure was expanded to include raised
astronomy images and ﬁrst published in 1990 as the astronomy text, Touch The Stars. This book contains Braille and
Large print text and accompanying tactile illustrations and
has been sold internationally. The fourth edition of Touch
The Stars is now in production.
Tactile illustrations are created to accompany each of our
planetarium shows. I write a brief description of the show
and the captions for the illustrations using Braille Font
for Macintosh which translates letter by letter (Grade One
Braille). I can then produce the illustrations by two methods: using the Versapoint-40 Braille Printer or the SwellForm Heat machine.
The Versapoint-40 Braille printer was purchased in 1988
at a cost of just under $4,000. It interfaces with an Apple
IIe computer that houses a Super Serial Card. Using Mouse
Paint and a Braille graphics program called Illustrations, I
am able to create low-cost tactile diagrams. I may spend several hours creating an image however once saved, the image
can be printed out for pennies a page. This printer was used
to create all of the tactile illustrations for the ﬁrst three editions of Touch The Stars. The Versapoint-40 printer was sold
by Telesensory Systems Company of California, however it is
no longer manufactured.
Another way I can create tactile images is with the SwellForm machine. I either hand draw the needed illustration
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or create it in ClarisWorks on a desk top Macintosh computer. The text and images are photocopied onto a special
vinyl paper called “swell form” paper and then inserted and
heated in the Swell Form machine. Anything that is black,
such as the text and illustrations, are raised up by the heat
of the machine. The Swell-Form machine was purchased for
under $3,000 through the American Thermoform Company
in California. The beneﬁt of using the Swell-Form machine is
that images can be created and available in minutes, however
the special paper needed is more cost prohibitive than the
Versapoint paper and varies between $1.00–$2.00 (US) per
page, depending on size.
All tactile illustrations are stored in the planetarium Control Room and distributed to visitors upon request or notice
of need.
Visitors with hearing-impairements have three options in
our Planetarium. They may use a specially-lighted booth for
sign-language interpretation (they provide the interpreter
or attend on a date when we provide the interpreter), use a
volume-adjustable assistive listening device, or use the modular closed captioning system.
In the late 1970s, a technician in our planetarium ﬁrst
proposed using a booth for sign-language interpretation.
He constructed a three-sided wooden booth and attached a
goose-neck lamp. A 25-watt red bulb illuminates the signlanguage interpreter and the booth is visible from a small
section of the planetarium. We modiﬁed the original booth
to make it more portable so that it is also available for use
in the Omni Theater and wherever needed throughout the
Museum of Science.
The assistive listening system uses an FM system to transmit the soundtrack into the planetarium theater. Visitors
listen with either a “walkman-style” headset or a tele-coil
loop conductor [which strengthens the reception of a hearing aid]. Each assistive listening unit is volume adjustable
and offers four channels, two of which can be used for language-translation. Twenty headsets are available for use in
each show. A sign outside the planetarium entrance alerts
visitors to the availability of the assistive listening system
and the captioning system.
In 1995, the modular closed captioning system debuted
in the Planetarium. Upon request, planetarium staff can
quickly attach a special monitor (called a Vacuum Fluorescent Display) to “posts” located throughout the Planetarium.
A signal is relayed from the SPICE system through a PC computer (running the caption software from WGBH Boston)
and out to the caption units. Pre-recorded narration is displayed and deaf visitors are able to understand and enjoy
the program. Eight units are able to serve approximately 25
hearing-impaired visitors at once. Although the system can
not yet display real-time captioning for live programs, I am
optimistic that commercial speech recognition software will
solve that problem in the near future.
The Charles Hayden Planetarium is wheelchair accessible.
Our seating capacity is 240; of this, nineteen seats are
removable and six other seats are “wheelchair transferable”
with lifting arm rests. We can easily accommodate 5 people

in wheelchairs, per show, without removing any seats.
Each planetarium seat houses an interactive audience
response unit on the right armrest. Special hand controls
with large sensitive buttons are available for people in wheelchairs, and those guests with limited dexterity, to allow full
participation with the audience response system.
Young children ﬁrst visiting the Planetarium are often
alarmed when they enter the theater to see a huge metal
monster sitting in the middle of the room. They don’t want
to be in the same room and are afraid to approach the menacing object. The result is usually a combination of crying,
screaming and running. The situation makes the planetarium non-accessible to the child and the accompanying
family.
To make the planetarium a more friendly environment, we
have instituted the Planetarium Bears program. Two teddy
bears, wearing ofﬁcial Museum badges (with their names
and photos!) are available to reassure nervous children and
accompany them during planetarium shows. We call the
bears, Polaris and Spica.
When we observe a crying and frightened child, we bring
out a bear and say, for example “This is Polaris. He works
with us here in the Planetarium. He likes to watch the stars
but he doesn’t like to watch alone. Could he watch the stars
with you? He’s very cuddly.” The response has been for the
child to quickly grab the bear and run into the Planetarium!
The parent is reminded to return the bear to the presenter
after the show.
The demographics of visitors has changed since the planetarium ﬁrst opened in 1958. Our programs here have historically been presented in English. To meet the needs of a
diverse audience requires us to consider ways to incorporate
multilingual programming.
Since 1997, the Charles Hayden Planetarium has offered
programs in Spanish during Astronomy Day celebrations.
The ﬁrst year brought only three Spanish-speaking visitors
however more recent years have increased that number to
hundreds!
From February through May 2000, we presented a series
of live bilingual English/Spanish presentations of The Sky
Tonight. This was a collaboration between the Charles
Hayden Planetarium, the Massachusetts Audubon Society
and the Boston Public Schools. Approximately 1200 people
attended these popular programs.
The year 2000 marks a Sister-City celebration between
Boston, Massachusetts and Strasbourg, France. We exchanged
planetarium programs; we sent Strasbourg a copy of our Journey to the Edge of Space and Time program and they sent us a
copy of their English/French eclipse program entitled Soleil
Noir. On Astronomy Day 2000, we presented Soleil Noir to
an audience of 215 and included a special tour of the night
sky, in French, by a planetarium staff member. The program
was the one of the best attended planetarium shows of the
day and we hope to retain this show and make it available to
French-speaking visitors.
There are over 50,000 Russian-speaking immigrants living
in the Greater Boston area. This year we began a relationship
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with the Russian-American Cultural Center in Boston. During
Astronomy Day 2000, we offered two talks in Russian and
these were the most well attended talks of the day! Unfortunately, we won’t be able to offer a Russian planetarium show.
However, I am now researching the costs of translating our prerecorded planetarium programs in other languages, particu-

larly Spanish and Russian. This way, our main feature would be
available to a more diverse and international audience.
Visual-impairements, hearing-impairements, physical disabilities or language incompatibilities can be considered
impenetrable obstacles or achievable goals. I challenge YOU
to make your Planetarium, a Planetarium for EVERYONE!

Paper by Anthony P. Fairall
The cultures and traditions of foreign lands are often far
removed from the familiarity of everyday life in North America and Europe. To youngsters growing up, parental and peer
pressures as to what one ought to do in life, and how one
must prepare for it, vary enormously across the globe.
Nowhere on Earth could be so culturally different to the
rest as Africa. Although, almost all civilisation originated
in Africa, the generally pleasant climate, and abundance of
plant and animal life, made survival somewhat easier. The
cultures that developed were accordingly steeped in myths
and practices, yet very much in tune in nature. African society is strongly sexist — women do the work, men conduct
business (or, if necessary, go to war). Traditionally, young
African boys spent most of their time watching over the family’s goats, as they still do in rural areas.
The shifting of the population to large cities has been
a traumatic change, and the adaptation of the old ways to
urban life has often been far from smooth. Many African
youngsters now grow up in a vacuum, neither resting on the
old traditional existence, nor ﬁtting in with the western cultures that somehow imposed the new lifestyle upon them.
Worse still, the population is growing almost explosively.
Africa has a tidal wave of children.
The road to future improvements in quality of life lies with
education and training — concepts very different to the
physical needs of traditional life. Consequently, African culture has been often slow to respond to the new needs. Many,
however, now see schools and training establishments as the
key. Against this background, the idea of museums, or in
particular, planetariums, is something still very strange and
unfamiliar. Our biggest challenge is to convince the African

population at large that this is something beneﬁcial to all,
and not merely an indulgence of the white man’s fashions.
Things are changing. Though black Africans are the majority
of our population, they are not the majority attending public
planetarium shows, but the statistics are slowly beginning to
change for the better.
The chief concern, however, is with African youngsters.
Happily they are bussed to the planetarium, either as school
groups, or special excursions for previously disadvantaged
children. Logistics are not easy; a society that has traditionally operated without clocks or watches ﬁnds it difﬁcult to
arrive at a speciﬁed time. Moreover, almost all our standard
presentations — from pre-primary upwards — are unsuitable. For this reason, we have had to develop special shows
— one that has been in use for many years, and a second
now in the planning stage. The shows have soundtracks in
the children’s home language — Xhosa. They also involve
concepts that are more familiar to them. Our ﬁrst show
starts with a soccer ball — then shows that the Earth is a
ball, the Moon, the Sun, and so on. A recorded soundtrack
also enables music to be put in — an essential ingredient
for anything that touches on the rhythms of Africa. We also
have to avoid surprises in the “strange” atmosphere of the
planetarium. The ﬁrst time we had the star projector rise up
in the almost darkened auditorium led to near panic.
By adapting to the needs and culture, we hope we are getting African youngsters to experience a little of the magic
that knowledge brings — of the night sky, and the universe
it represents.

Paper by David Hurd
This article is divided into speciﬁc sections so that the
reader can easily reference any particular area that he/she is
interested in or needs more information on. Much of the following information comes from the Ofﬁce for Students with
Disabilities at Edinboro University of Pennsylvania and the
U.S. Department of Justice, Civil Rights Division. The following sections will be addressed in this order and include:
I. Legislation affecting planetariums and museums in the
United States
A Rehabilitation Act — Section 504 (1973)
B. Americans with Disabilities Act (ADA) (1992)
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II.Bottom-line: Providing “Reasonable Accommodations”
A. Physically Impaired
B. Hearing Impaired
C. Visually Impaired
III. Conclusion
I. Legislation Affecting Planetariums and Museums
Two pieces of legislation have directly affected both public
and privately funded planetariums and museums in the
United States. The ﬁrst piece of legislation directly affecting planetariums/museums was Section 504 of the Rehabili-

Education and Outreach
tation Act. This act was implemented in 1973. The second
piece was the Americans with Disabilities Act (ADA), implemented in 1992. This section brieﬂy outlines the contents
of these two pieces of legislation and the implications to
planetariums/museums. Although these pieces of legislation
were speciﬁcally developed for the United States, most of the
principles and aims are good for planetariums in general.
A. Rehabilitation Act — Section 504 (1973)
According to Section 504 of the Vocational Rehabilitation
Act of 1973:
“No qualiﬁed (disabled) person shall, on the basis
of (disability), be excluded from participation in, be
denied the beneﬁts of, or otherwise be subjected
to discrimination under any program or activity
that receives or beneﬁts from federal ﬁnancial assistance.”
This means that a recipient, in providing any aid, beneﬁt
or service, may not, on the basis of disability:
1. Deny a qualiﬁed person with a disability the opportunity to
participate in or benefit from an aid, beneﬁt or service
2. Afford a qualiﬁed person with a disability an opportunity
to participate in or beneﬁt from an aid, beneﬁt or service
that is not equal to that afforded others
3. Provide a qualiﬁed disabled person with an aid, beneﬁt or
service that is not as effective in affording equal opportunity to obtain the same result, to gain the same beneﬁt, or
to reach the same level of achievement as that provided to
others or,
4. Provide different or separate aid, beneﬁts or services to persons with disabilities or to any class of disabled persons
than is provided to others unless such action is necessary
to provide qualiﬁed disabled persons with aid, beneﬁts or
services that are as effective as those provided to others.
Important phrases here imply that planetariums must provide (to the extent possible) for participants with disabilities:
1. An “opportunity to participate in or beneﬁt from” a planetarium program.
2. An opportunity “to obtain the same result, to gain the
same beneﬁt, or to reach the same level of achievement as
that provided to others.” (Taking this to its logical conclusion – if you were to give a pretest/posttest, would ALL
participants score on the same curve or would participants with disabilities be signiﬁcantly different?)
3. “Different or separate” planetarium programs only if such
programs would cause participants with disabilities to
have beneﬁts afforded the rest of the audience (see number
2 above).
An important point to be made is that of equal opportunity, not merely equal treatment. Thus in some situations,
identical treatment of persons with and those without disabilities is not only insufﬁcient but is itself discriminatory.
In some cases, identical treatment will not provide individuals with disabilities the adjustments or accommodations
they require to achieve equal opportunity. For example, a
participant who is physically impaired may beneﬁt from

equal treatment if given adequate access while a participant
who is hearing impaired would not. It is also possible to
have appropriate accommodations for the one who is hearing impaired (see section on hearing impaired), and not
have adequate accessibility for a participant who is physically impaired — if equal treatment assumes physical dexterity. On the other hand, separate or different treatment is
permissible only where it is necessary to ensure equal opportunity and equally effective beneﬁts and services. “Equally
effective” is deﬁned (Section 504 Compliance Handbook) as
affording equal opportunities to achieve equal results, or to
gain equivalent beneﬁts and reach the same level of achievement.
B. Americans with Disabilities Act (ADA)
The more recent, Americans with Disabilities Act (ADA),
extends federal civil rights protection in several areas to
people who are considered “disabled”. The ADA has ﬁve titles
including Public Accommodations. These titles are applicable for most public facilities, including those not receiving
federal funds. The Public Accommodations title went into
effect on January 29, 1992 and includes the following:
1. Public accommodations such as restaurants, hotels, theaters, doctors’ ofﬁces, pharmacies, retail stores, museums
[planetariums], libraries, parks, private schools, and day
care centers, may not discriminate on the basis of disability, effective January 26, 1992.
2. Reasonable (see next section) changes in policies, practices
and procedures must be made to avoid discrimination.
3. Auxiliary aids and services must be provided to individuals with vision or hearing impairments or other individuals with disabilities so that they can have an equal
opportunity to participate or benefit, unless an undue burden
would result.
4. Physical barriers in existing facilities must be removed if
removal is readily achievable (i.e., easily accomplishable and
able to be carried out without much difﬁculty or expense).
If not, alternative methods of providing the services must
be offered, if those methods are readily achievable.
5. All new construction in public accommodations, as well as
in “commercial facilities” such as ofﬁce buildings, must be
accessible.
6. Alterations must be accessible. When alterations to primary function areas are made, an accessible path of travel
to the altered area (and the bathrooms, telephones, and
drinking fountains serving that area must be provided to
the extent that the added accessibility costs are not disproportionate to the overall cost of the alterations.
II. Bottom-line: Providing “Reasonable Accommodations”
As you read the mandates of the Rehabilitation Act and the
Americans with Disabilities Act, key words and phrases stand
out that planetariums should pay close attention to. These
phrases include “reasonable,” “as effective,” and “obtain the
same result.” The bottom line is that we are to make our facilities user friendly. Regardless of the disability we need to
provide reasonable accommodations. But what is a reason-
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able accommodation? “A reasonable accommodation is an
adaptation to a program, facility or work place that allows an
individual with a disability to participate in the program or
service or perform a job. Accommodations may also consist
of changes in policies, practices or services and the use of
auxiliary aids or services” (Ofﬁce for Students with Disabilities, Edinboro University of Pennsylvania). In other words,
we should strive to give ALL participants who visit our facilities the same “bang for the buck.” In order to do that, we
must often use auxiliary aids or techniques to accomplish
this. Use of some auxiliary aids and services that the Edinboro University of Pennsylvania Planetarium provides for
participants with visual, hearing, or motor impairments will
be highlighted below.
Before discussing these three impairments, it should be
made clear what a reasonable accommodation is not. Reasonable accommodation does not include accessibility.
Accessibility is already assumed and is therefore beyond
reasonable accommodation! If you think you have fulﬁlled
your obligation by providing access, that is already a given.
Reasonable accommodation is making a facility usable
by an individual or a group of individuals. It should also
be noted that the word reasonable is an important component of this phrase. Reasonable does not mean having to sacriﬁce services and beneﬁts and experiences meant for the
general public. A planetarium should not have to provide a
service that would detract from shows, however, they may
want to add components that would enhance the experience for participants who are disabled (for example, adding
word bars or captioning in programs for hearing impaired).
It is also important to note that persons with special needs
should initiate the contact regarding their impairment. Planetariums should not be expected to perceive any given
disability that a participant may have. Sometimes an impairment may be obvious, but often they are not. It is the participant’s responsibility to alert the facility that s/he has an
impairment(s). On the other hand, it may behoove a planetarium to advertise/announce accommodations they can
provide. If you have newsletters, brochures, or any pre-visit
materials, they should include a statement regarding the
necessity of prior acknowledgement, and special needs of
those with disabilities. The Edinboro University of Pennsylvania Planetarium pre-visit letters state “If any students with
special needs are participating, please let us know how we
can better accommodate them.”
A. Physically Impaired
For the most part, people with physical impairments need
adequate accessibility, but if accessibility is already assumed,
what can you do to make your planetarium more accessible?
Often times, participants in wheel chairs do not have the
physical dexterity that others have. Because of this, they not
only need adequate room for their wheel chairs, but also
they should be located in a place where most of the visuals
can be easily seen. More often than not that is in the back of
the room or often facing “south” in a planetarium. You want
the participants to be able to see most of the visuals, and the
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main focus of your star ﬁeld. Remember that they will probably not be in reclining chairs, even if the rest of your audience is!
B. Hearing Impaired
Most of us do not know sign language, and most facilities
do not have visuals of all our programs that can adequately
accommodate those who are hearing impaired. However,
many participants who are hearing impaired have access to
sign language interpreters. Interpreters should be strategically placed where they are easily visible and a red light
can illuminate the interpreter. Using a red light strategically placed in your theater will not disrupt the program for
others. A few companies make gloves that glow in the dark.
These prove to be very effective for cutting light pollution
in your planetarium, however, a light to “charge” the gloves
is helpful for longer programs. Word captions can also be
added to enhance the experience of participants who are
hearing impaired.
C. Visually Impaired
Most of the work with those with disabilities at Edinboro
University of Pennsylvania Planetarium has been with students who are visually impaired or blind. This has included
the use of qualiﬁed readers, taped texts, Braille and the
use of tactiles. Working with students who are blind in a
planetarium presents an unusual set of circumstances. For a
medium that is largely visual in nature this is a formidable
task. This task is made somewhat easier through the use of
tactile maps. Tactile maps are raised image reproductions
that allow those with visual impairments to “touch” the stars.
The maps produced by the Edinboro University Planetarium
show the brightness of a star as a function of the size of
the dot (brighter the star — the bigger the dot). Messier
Objects are also set apart from the rest of the stars by using
a speciﬁc symbol. The Planetarium at Edinboro University
of Pennsylvania has also created moon maps, planisphere,
ecliptic curve and other tactiles that enhance the concepts
for students with visual impairments.
Having the right material is not enough to accommodate a
handicapped individual. Major adjustments to presentation
styles must be made while teaching students who are blind.
For example, you cannot just say “look over here and…”
instead you need to specify direction or give additional
instructions that would enable blind students to “follow”
along on their tactile maps. Many of the projects that require
group participation also have to be adapted to include the
student with a disability. It may be effective to have a group
use both the planetarium sky AND a tactile map. For example, if you are measuring the altitude of Polaris, teammates
can use both the tactile star map and the planetarium to ﬁnd
the altitude and then compare. (See paper entitled “Tactiles
for Planetariums” on page 83 of these Proceedings.)
III. Conclusion
As a planetarian you should know in advance what kind/
type of accommodations you can reasonably make for par-
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ticipants with disabilities. You should also know in advance
where you want to place a person who is physically impaired
vs. hearing impaired vs. visually impaired. Seating is a primary factor in allowing these participants to gain the most
out of learning. Seating for individuals with various impairments must be strategically planned ahead of time. You
should always remember, however, that the more inclusive
your environment, the better the impaired participant can
feel a part of the whole. Most important, is taking the time
needed to see to it that needs are being met and, discuss and
adjust the format to assure the transfer of learning. Our goal
is always to provide “equal opportunities” to learn from our
star shows.

Working with participants with disabilities requires a special awareness of individual needs, but it should not subtract
from the learning environment afforded to others. Being
able to judge each new set of circumstances is important.
We need to realize that, like all of humanity, participants
with disabilities have a natural curiosity for the heavens. It is
up to us to allow them equal opportunity and access to the
heavens by providing reasonable accommodations for their
speciﬁc needs.
For more information regarding astronomy tactiles or speciﬁc questions regarding participants with physical disabilities, contact the Edinboro University of Pennsylvania
Planetarium.

Paper by April Whitt
“Orphan Audiences”
People with all kinds of gifts visit our planetarium. And lots
of people don’t visit, for any number of reasons. I’d like to
address some “orphan audiences.”
Fernbank Science Center’s Jim Cherry Memorial Planetarium is owned and operated by the DeKalb County School
System. The majority of our audiences attend during the
school day and are students from DeKalb County. We are
located in a quiet residential area, across the street from one
of the county’s elementary schools.
But we also offer planetarium programs on weekday evenings and on weekends. The audiences for those programs
come from all over the world (tourists), from all over the
United States (more tourists) and from around the corner
(people living near the science center). We are learning that
there are many more corners, and much more audience, that
we could reach. Some of these audiences need to be sought
out, others come to us.
DeKalb county supports shelters for homeless people.
Some shelters serve families, others help out individuals.
Many of the shelters with families have transportation available, buses or vans, and can take their clients on “ﬁeld
trips.” When Fernbank opens a new planetarium program for
children and families, we contact those shelters and invite
their clients to the opening. Social workers have told us that
the children “just want to be like everyone else” and have
enjoyed being part of the premiere’s audience.
Some medically fragile children and adults are able to
travel about outside the hospital or care center. It takes a
few more minutes to get patrons in wheelchairs down the lift
here at Fernbank, but their enthusiasm and pleasure in the
program more than make up for that time. Find out if your
community has transportation or programs for this audience.
Orphanages and children’s homes are another forgotten
audience. And you can incorporate service organizations
into the audience as well. Civic clubs, churches and synagogues are often looking for ideas for service projects. Send
them a list of your planetarium programs and times, and a
list of people who need transportation to the planetarium.

Both drivers and passengers have the information they need
to plan a visit to your dome.
Senior citizens groups are growing in number. Some older
people hesitate to drive at night, or for long distances. If your
theater offers afternoon programs, contact senior citizen
centers, the local Elderhostel ofﬁce, and volunteer groups.
And if an institution wants to say “thank you” to its volunteers for all they give here on Earth, you can give them the
moon and the stars.
Then there are the “special interest” groups. Boy and
Girl Scouts work on astronomy badges, and their leaders
are sometimes reluctant to do so, perhaps feeling that they
don’t know enough science to teach the badge requirements.
Send the regional ofﬁces information about your existing
programs. Offer a “badge workshop” for Astronomy Day or
Astronomy Week. Find an ambitious Girl Scout looking for a
Gold Star project, and let her organize other scouts’ trips to
the planetarium.
Do families who are going camping call asking for star
maps? Think about inviting them to your live sky tour programs. They’ve never heard of you? Work out a promotion
with the local camping supply stores — hang a poster advertising your sky tours, or ask if the cashiers can include a ﬂyer
when they bag merchandise. It’s marketing AND out-reach.
Many of us offer planetarium programs and workshops
for in-service teachers. Pre-service teachers need us too.
Contact community colleges, local universities with education departments, and private colleges. See if instructors
will incorporate a visit to your planetarium as part of their
syllabus. Make the wonderful teacher materials that you’ve
worked so hard to develop available to new teachers, and you
build a clientele base for future ﬁeld trips.
Many public and private schools participate in science
contests, of which astronomy is sometimes a part. Students
and coaches are looking for sources of information and
places to practice their skills in locating constellations or
deep-sky objects, and we’re looking for interested audiences.
Local school boards or parent councils are a good place to
begin offering planetarium programs that can meet these
needs.
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Are you situated near an ocean or large lake? In today’s
GPS (global positioning system) society, navigation by the
stars may seem out-dated. You can point out that when a
navigator uses the GPS alone, he only ﬁnds out if he’s right
at the end of the voyage. Those live star lectures are of interest to sailors, navigators, and pilots. They are an appreciative
audience. And they have fascinating stories of their own to
share with you.
Historians and historical societies bring all kinds of questions (and people). What was the phase of the moon on April
18, 1775? How did indigenous people know when to plant
crops? To what does the Cornish proverb, “No moon, no
man” refer? Those questioners have found us. We can reach
out to the others who don’t know where to ask.
And don’t forget the amateur astronomers. Whether they’re
new to the lens-and-mirror game, or Messier contest veterans, we can offer them clear skies, unobstructed by trees and
light pollution. Use the internet to ﬁnd out if there are groups
in your area. You could start at http://home.sprynet.com/
˜aurorae/faq_club.htm
Finally, what about the general public audiences that come
through our doors every day? Research indicates that while

many of us are “visual learners” or “auditory learners,” some
of us aren’t. And the planetarium is the perfect environment
for nurturing all kinds of learning styles.
We use images and sound in most of our programs. Are we
paying close attention to the musical portions of the lesson?
Are we using songs and jingles to help the audience learn
and remember? Many of us may sing “Twinkle, Twinkle Little
Star” with our pre-schoolers, but WSKY, a program from Boston’s Hayden Planetarium, is an excellent example of catchy
tunes and lyrics for an older audience.
What about the kinesthetic learners in our theater? The
ones who need to move their bodies around to learn? Do
we give them enough time to “follow the arc to Arcturus,”
trace the Southern Cross, or ﬁnd and point to the second
star on the right? Can we focus their attention at the beginning of the program with the familiar, “If you can hear my
voice, clap your hands once”? In our theater, “Simon Says”
gets the audience listening and moving.
Under-served audiences may be miles away, or they may
already be coming (hopefully not leaving) through our doors.
Offer programs for a variety of learning styles, seek out “orphan
audiences,” and we will indeed be planetariums for all.

John Dickenson’s statement
Inequalities persist in Canada and other industrialized
nations. The so called “knowledge revolution” has by-passed
and excluded a signiﬁcant component of our population. Our
cultural insitutions, including planetariums vividly illustrate
this phenomenon of exclusion by focussing on the converted,
those who are part of our cultural milieu and who can afford
to participate in our programs. The presenter will review
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recent UN Human Development reports which show why
countries like Canada and the US fall to numbers 10 and
17 in world poverty rankings.Why are these rich countries
paradoxically deﬁned by poverty and exclusion? He will also
explore strategies which science centres, museums and planetariums can undertake for addressing this “society of exclusion.”
✹

Education and Outreach

Misconceptions in Astronomy (Panel Discussion)
Chair: Carolyn Sumners1
Panelists: John R. Percy2, Philip M. Sadler, Ed.D.3, and Marcel Thouin4
1

Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4632 Fax: +1 (713) 639-4635 Email: csumners@hmns.org
2
Erindale College, University of Toronto, 3359, Mississauga Road North, Mississauga, Ontario L5L 1C6, Canada
Phone: +1 (905) 828-5351 Fax: +1 (905) 828-5425 Email: jpercy@erin.utoronto.ca
3
Harvard University, 60 Garden Street, MS-71, Cambridge, MA 02138, USA
Phone: +1 Fax: +1 Email: psadler@cfa.harvard.edu
4
Département de didactique, Université de Montréal, C.P. 6128, succursale Centre-Ville, Montréal, Québec H3C 3J7, Canada
Phone: +1 (514) 343-7285 Fax: +1 (514) 343-7286 Email: thouinm@scedu.umontreal.ca

Both children and adults who see shows in our star theaters come with an impressive background of misconceptions. How much
does the content of our shows reinforce some of these misconceptions? What are the most efficient ways to correct them? Four
specialists on this subject matter share with us their experiences and the results of their research.

Paper by John R. Percy
Misconceptions in Astronomy — A Focus on Elementary
Teachers
with Earl Woodruff, Mindy Kalchman, Nalini Chandra, Susan
Yoon, and Habib Mutlak
Ontario Institute for Studies in Education, University of Toronto
My fellow panelists have demonstrated convincingly that,
although North Americans have a high interest in astronomy
and other sciences, they also have deeply-rooted misconceptions about astronomy. Furthermore, belief in pseudosciences such as astrology and alien visitations is rampant,
and signiﬁcant numbers of people do not accept biological
or cosmic evolution, for religious or other reasons. Concern
about the effectiveness of science and math education in
North America is traditionally generated by the results of
international comparative tests such as the Third International Mathematics and Science Study. A recent article in
Scientiﬁc American (Gibbs and Fox 1999) presents a reasonably balanced discussion. But we must conclude that the
effectiveness of science and math education in North America is mediocre, at best.
Elementary school teachers play an important role in science education. Both boys and girls develop their interest in,
and form their impression of science at an early age. Yet elementary school teachers face many challenges. Curriculum
revisions increasingly require that they teach science topics
— such as astronomy — with which they are not familiar;
this is certainly the case in Ontario, where the compression
of the secondary school curriculum by one year has led to
many science topics being moved from the lower grades of
high school to the upper grades of elementary school. Furthermore, most elementary teachers are generalists. They
have had little or no post-secondary education in science.

They have many other subjects to teach, besides science.
Their time for professional development is very limited.
Pre-service and in-service science education is therefore
essential for elementary teachers. A recent update from the
US National Education Goals Panel, however, has identiﬁed
this as one area in which science education is failing in the
US. We believe that a viable general solution is to provide
teachers with the means to identify and remediate their conceptual and factual knowledge deﬁcits in science, on a “justin-time” basis, when they are faced with teaching a topic
in the very near future. Furthermore, a web-based support
system obviously has the potential to reach a large number
of teachers, in timely and inexpensive fashion. Such remediation provides them with an important ﬁrst step in teaching
a topic effectively in their classes. “Co-investigation” provides a powerful general tool for introducing new and unfamiliar material in the classroom. In colloquial terms— it
moves the teacher from “sage on the stage” to “guide on
the side”. It also provides a model for lifelong learning, for
teacher and student alike.
Planetarians should also be aware of the prevalence of
misconceptions among the members of their audiences —
students, teachers, and the general public. Comins (1998)
has published a brief listing of the types of misconceptions
which students and others may have. Some are conceptual
in nature. Others arise from a variety of sources, including
language, culture, the media etc. Many planetariums provide workshops for teachers; it is important for the workshop
leaders to be aware of teachers’ misconceptions.
There were three main goals to our study. First of all,
we wanted to assess elementary teacher candidates’ understanding of basic astronomy concepts which were mandated
in their local curricula. It was our concern that many teach-
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ers may not realize that they have misconceptions until they
are required to teach the material. Secondly, we wanted to
give these teacher candidates the opportunity to engage in
some remediation activities that would support the development of their understanding. Our third goal was to use our
experiences with these teacher candidates to gain insight
into the development of a web site that would allow teachers to assess their knowledge of astronomy, access ideas
for remediation, and review pedagogical strategies. In addition, the site would allow teachers to participate in on-line
discussions with peers and experts, and all this would be
available just prior to having to teach this material in their
classrooms.
The study took place over two years, and involved a total
of 206 elementary teacher candidates enrolled in a bachelor
of education program at the University of Toronto. All participants completed a 30-item multiple-choice test, adapted
from the one developed and validated by Sadler (1992); we
thank Professor Sadler for allowing us to use the test in this
way. The test was designed to measure students’ and adults’
understanding of some fundamental concepts in astronomy.
After completing the test, 103 teacher candidates participated in 4 workshops where they explored some ideas covered on the test. Throughout the workshops, two groups
of six “target” participants were video- and audio-taped as
they worked through the activities presented in these sessions. Such activities included working with 3-dimensional
models, and participating in collaborative discussions with
their peers as they shared and negotiated explanations for
seasons, and the phases of the moon.
Approximately 3 months after completing the workshops,
those target participants were asked to explain their current
understanding of some of the topics covered in the workshops in audio-taped telephone interviews.
The results of the study will be described in more detail
elsewhere; in summary, they are:
a) The participants demonstrated a high frequency of misconceptions about astronomy-related topics, similar to
those shown by US high school students (Sadler 1992).
b)Those participants who had taken some university-level
science courses performed signiﬁcantly better than those
who had not; on average, however, both groups failed to
answer more than half the questions correctly.
c) There was no signiﬁcant difference in performance
between those science students who had taken courses in
astronomy or physics, and those who had not.
d)Some students completed the multiple-choice test on-line;
others completed it on paper. There was no signiﬁcant difference between the two, suggesting that it is feasable to
administer the test on-line.
e) It was possible to group the questions into categories relevant to broader scientiﬁc concepts — light, gravity, cycles
etc. These are fundamental to many astronomical concepts.
f) In the telephone interviews, the participants appeared to
appreciate and retain the hands-on teaching strategies
which were used in the workshops. Nevertheless, it was
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clear that their astronomy knowledge had not deepened or
altered signiﬁcantly. They still held the same misconceptions about the cause of the seasons, and the phases of the
moon.
We recognized that our teacher candidates may not have
been motivated to learn from our workshops, since they were
not required to teach the material the next day. Indeed,
one disadvantage of traditional workshops is that any understanding gained may be lost by the time the material is to be
taught. In any case, workshops alone may not be sufﬁcient
for remediating deep misconceptions, and such remediation
may require the integration of a variety of learning strategies.
Conclusions
From this study, we can conclude that elementary teachers
may hold misconceptions in astronomy, that are similar to
those of their students. Teachers need support for the development of these conceptually-difﬁcult topics, and access to
remediation activities that they can use prior to teaching
the material. Remediation may take the form of simple textbased materials, video clips demonstrating activities that
can facilitate learning or may involve engaging in collaborative discourse with peers or experts on selected topics. A
working prototype of the site which we intend to develop in
order to provide teachers with this support is available at
www.oise.utoronto.ca/˜ewoodruff
The site is equipped with a working assessment tool, and
we are currently developing strategies that can be linked to
the assessment.
We hope that, when such on-line strategies and resources
are made available to teachers, they will be more likely to
make use of a variety of these strategies to facilitate their
own learning. In addition, by placing themselves in the role
of a learner, teachers may gain insight into the cognitive
processes involved in learning some topics, and achieve the
conﬁdence to support the development of conceptually-difﬁcult subjects with their students — thereby improving the
overall education of our students.
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Philip M. Sadler’s statement
Living in a world where the stars, moon, sun and planets
beckon for attention, even the youngest amongst us work
these heavenly objects into our worldview. The meaning
we make of objects, motions, stories, and images of the heavens initially bear little resemblance to those explanations
espoused by scientists and teachers. Often viewed as mis-

conceptions, these ideas interfere with understanding the
programs that planetarians create. Only through deconstructing and disproving such preconceptions is it possible
for audiences to accept any alternatives that we present to
their prior beliefs.

Marcel Thouin’s statement
Research studies conducted in the past ﬁfteen years or so
have shown that students possess numerous conceptions
that are often inspired by common sense with regard to various subjects of science. An outline of the research on children’s ideas in science is presented, followed by the results

of an action research on children’s ideas in elementary space
science. (See paper entitled “Children’s Ideas and Learning
Activities in Elementary Space Sciences” on page 47 of these
Proceedings.)

✹
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The Astronomer’s Songbook (Songs of Space and Time)
(Workshop)
Jon U. Bell
Planetarium Director, Hallstrom Planetarium, Indian River Community College, 3209 Virginia Avenue, Fort Pierce, FL 34981, USA
Phone: +1 (561) 462-4888 Fax: +1 (561) 462-4796 Email: jbell@ircc.cc.fl.us

Foreword

SPACE IS THE PLACE

Ever since I was a kid, I sang. When I grew up, I still sang
— with choral groups and choirs, as a cantor and soloist in
church, in musicals, and even with the Virginia Opera for
eight years (no kidding!). In all this time, I’ve come to appreciate the power of song.
I use music to teach children, college students and
adults about astronomy. I have also conducted a few space
songs workshops (the Roper Mountain, Nashville and Jacksonville SEPA conferences most recently), featuring wellknown tunes, plus some of my own creation.
Songs are an effective, entertaining way to convey ideas
and information. While there are a few popular astronomy
songs (Twinkle, Twinkle, or Why Does the Sun Shine?, for example), there aren’t nearly enough tunes about outer space that
lend themselves to actually teaching astronomy concepts. A
lot of songs you might think talk about astronomy really only
use astronomical objects and concepts to talk about other
things, usually love (Fly Me to the Moon, Catch a Falling Star,
Stardust, etc.). While it’s nice to know that people regard the
stuff of your profession as romantic, the songs don’t really
say anything useful about astronomy. In this latest songbook
collection I’ve concentrated on “astronomy concept” ditties
you may ﬁnd useful in conducting your own programs, workshops, or classes.
You may be inspired to “write” your own space songs. I
hope so. Actually, all I’ve done for the most part is to take a
familiar, not-too-difﬁcult-to-sing tune and put new words to
it. Trust me, it’s a lot easier than you might think. You just
need to “have a song in your heart,” and be in the “write”
frame of mind, if you know what I mean...
The Astronomer’s Song Book has been expanding nicely,
thanks to many of you who have contributed to it, including
Lisa Schoenster Bell, Stephen Berr, Kevin Conod, George
Fleenor, Aimie Gallagher, John Hare, Jane Hastings, Peter
Jedicke, Cindy Ressler Kays, Kevin Krisciunas, Rob Landis,
Erich Landstrom, Joe Lenartine, Dave Maness, Pat McQuillan,
Judy Polan, Gary Purinton, Dale Rieth, Steven Russo, Marc
Rouleau, Mickey Schmidt, Paul Shuch, Kelly Quinn, Betty
Wasiluk and others whose works appear in this songbook.

Jon U. Bell, 1999
(To the tune “Toreador” from Carmen by Georges Bizet)

Special Note
A couple of songs have been included here, but space is not sufficient to print the
entire collection. If you did not receive a copy of the Astronomer’s Songbook at the
IPS Conference and would like one, please send an e-mail to Jon Bell and he will
send you an electronic copy.

G

Space is the place that I would like to be,
C

G

Em

D

Out among the stars in our galaxy.
Am

Em

You’ve no idea how much I’d like to be
Bm

F#7

B7

Out in the nebulae!
C

Out there I can be free,
G

You must agree,
D

G

Space is the place for me!
2. I count the stars as they go whizzing by
Some as they’re born, some as they die,
And when they’re born they shine out beautifully
Formed from the nebulae!
And when they die, they might
Light up the night
It’s really quite a sight!
BALLAD OF THE HERTZSPRUNG-RUSSELL DIAGRAM
Jon U. Bell, 1995
(To the tune of “The Stars and Stripes Forever”
by John Phillip Sousa)
G

The stars shine in red, white and blue,
D

And in brown and in orange and yellow;
The white and the blue stars are hot,
G

C

D

And the brown, red and orange are not.
G

The yellow stars you may have guessed,
C

G D

Aren’t as hot or as cold as the rest;
C

G

The yellow stars shine out the best!
They’re not too hot, they’re not too cold
D

G

They’re in the middle.
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BALLAD OF THE HERTZSPRUNG-RUSSELL DIAGRAM (Continued)
2. The stars that you see in the sky are all round or oblate in the middle,
The stars can be big or quite small… and those black holes aren’t hardly there at all!
White dwarfs are as small as the earth And pulsars are the size of a city;
But big stars are immense in their girth like Betelgeuse, a billion miles across the middle!
3. The stars are all far out in space, ’xcept the sun, eight light minutes away
Four light-years to the next star out and each light-year is six trillion miles!
That star we call Alpha Centauri Is a bright point of light in the night
Its distance is 25 trillion miles! That’s pretty far, I sure would hate to have to walk it!
4. OBAFGKM VERSE
Oh, Be A Fine Girl, Kiss Me,
Or Buy A Friendly Guy Khaki Menswear!
Oh Boy A Fat Go-rilla kicked me,
On Bobsleds A Frost Gives Ken Migraines
Out Back Are Five Green Kegs Mellowing,
Other Boys Are Funny, George Keeps Monkeys
Octopus Bait And Fish Guts Kill Manatees,
& Only Britons Are For Going Kilt Mooning!

5. SCIENCE FICTION OBAFGKM
Oh Boy, A Fine Ghak Klingon Meal,
Orbit Back And Face Green Killer Martians.
Our Borg Assimilate Few Good Kind Men
Obiwan Builds A Force Gedi Knights Miss*
Oh Beeblebrox Arthur Ford Go Kick Marvin
On Bajor A Ferengi Gets Killed Mercilessly,
Old But Agile Flash Gordon Kidnaps Ming,
On Betelgeuse A Fire Glows Kindling Mightily!
✹

* Yes, I know it’s misspelled but hey, you can do anything so long as it’s set to music!

The Montreal Planetarium Exploration Kits for Schools
Pierre Chastenay
Planétarium de Montréal, 1000 Saint-Jacques Street, Montréal, Québec H3C 1G7 Canada
Tel: +1 (514) 872-4657 Fax: +1 (514) 872-8102 Email: chastenay@astro.umontreal.ca

1.0 Introduction
For three years now, the Montreal Planetarium has been
offering two education kits to elementary-school teachers
(kindergarten to sixth grade) throughout Quebec. These two
fascinating kits—the Solar System Exploration Kit and the
Moon Exploration Kit—have proven to be big hits with students.
The kits are interconnected, comprehensive educational
tools that provide students (and their teacher) with a wealth
of new knowledge about the Moon and the solar system.
With these kits, students can prepare for their field trip to
the Planetarium to see one of our school shows. Teachers can
also use the kits to review the themes of the show once students have returned to class.
The kits come complete with guides that explain the basic
concepts and provide the teacher’s instructions for each
activity covered. With these guides, teachers can easily prepare for the activity they’ll complete with their students. We
have six copies of each of the two exploration kits. You can
rent a kit for three weeks at the low cost of $40 Canadian
plus shipping expenses.
Some of the instructions included in our exploration kits
were inspired by, or adapted from, educational material contained in The Universe at Your Fingertips (Project ASTRO Resource
Notebook published by the Astronomical Society of the
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Pacific), and A Teacher Resource to Enhance Astronomy Education
(Project SPICA, Harvard-Smithsonian Center for Astrophysics). Most of the material and instructions were developped
by the animation team at the Montreal Planetarium.
2.0 The Solar System Exploration Kit
This first kit draws on children’s natural curiosity about
everything related to planets in order to teach them basic
notions of astronomy and physics.

Figure 1. The Solar System Exploration Kit and carrying bag.

Resources
The kit is divided into three education packs with each
pack focusing on a specific topic. The different topics help
students acquire basic notions of astronomy and natural science while also stimulating their abilities in French, mathematics and art. The topics covered by the three education
packs are outlined below.

are compared with a scale model of the Sun, a round piece
of yellow fabric 2.2 m in diameter! Note that this activity
doesn’t require placing the planets at the proper scale distance because the Earth would be 250 m from the Sun, and
Pluto 9.5 km away! The notion of distance is addressed with
the tape measure.

2.1 The Planet Lotto
The planet lotto is a memory game designed for two to
five players. The education pack contains six game boxes
enabling a maximum of 30 students to play simultaneously.
Each game box includes 45 cards with pictures of objects
in the solar system (the Sun, the planets, their major satellites, asteroids, comets, etc.). The box also includes five game
boards on which the 45 pictures from the game cards appear
in a jumbled order. The aim of the game is for players to
find the game cards that match the pictures on their game
board.

Figure 3. Scale model of the solar system.
The cosmic tape measure gives students an idea of the
enormous distances separating the planets. Students must
first name the planets in order, from the closest to the Sun to
the farthest away. Then they must attach 10 clothespins representing the Sun and the planets to an 8-metre graduated
tape measure stretched across the classroom. They place the
planets at the distances that they believe represent scale distances in the solar system.
Figure 2. The planet lotto.
Also, the game cards have coloured borders with each
colour representing a planet. For example, all the cards with
objects related to Mars have a red border. This colour code
enables players to group together the planets, their satellites and their rings if any. A true or false quiz helps teachers
check whether students have absorbed the material.
Finally, eight game cards show the Earth and the other
planets to scale. These cards allow players to rank the planets according to their diameter, from smallest to biggest.
This activity introduces the scale-model concept, which is
expanded on in the second education pack.
2.2 A Scale Model of the Solar System
This education pack contains material for two separate activities. With the planet balls, students can construct a scale
model of the diameters of the Sun and the planets. With the
cosmic tape measure, they can develop a scale model of the
distances separating the planets.
The planet balls contained in the pack allow students to
complete a scale model of the diameters of the Sun and the
planets in the solar system. The Earth is represented by a
marble, Pluto by a tiny bead, and Jupiter by a basketball.
The difference in size between these objects is impressive
in itself. But it becomes quite dizzying when the objects

Figure 4. Using the cosmic tape measure.
Students almost always position the clothespins at equal
distances from one another. In reality, the planets Mercury,
Venus, Earth and Mars are all found less than 30 cm from
the Sun, while the other planets are spread along the tape
measure ending with Pluto at 7.9 m (1 AU = 20 cm on the
tape measure). The teacher must therefore correct the model
and place the clothespins at the proper distances. The difference between the students’ model and the corrected model
is so impressive that students won’t soon forget it.
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2.3 The Sundial
In this activity, students build their own “pocket” sundial
and determine what direction the dial must face to read the
correct time.
Students each receive a photocopy of the sundial to assemble. They then follow their teacher’s instructions to assemble
the dial using a piece of heavy cardboard, glue, scissors, and
a piece of string 20 cm long. Once the sundials are built, students go outside and position the dials so that they show the
correct time indicated by a watch or clock. They specify the
proper direction on the ground with chalk and then return
to class with their sundials.

from the Earth’s rotation. This demonstration is more effective if done outdoors where the students have placed their
sundials. If the sky is cloudy, the teacher can use the table
lamp included in the pack to simulate the Sun in class.
3.0 The Moon Exploration Kit
Even younger students are already familiar with the Moon,
the appearance of its near side, and its waxing and waning.
The Moon Exploration Kit teaches children the mechanisms
at the root of these phenomena and acquaints them with the
main characteristics of our satellite.
The kit is divided into five education packs, each focusing
on a different topic.
3.1 A Scale Model of the Earth and Moon
This education pack contains a scale model of the Earth-Moon
system consisting of an Earth globe 26.5 cm in diameter and
a Moon globe 7.3 cm in diameter. For younger students, the
teacher is encouraged to present the two globes individually
to acquaint students with their relative sizes. Older students
are invited to calculate the diameters and the Earth-Moon
distance in the model themselves using the scale factor provided by the teacher. A tape measure then helps them place
the two globes 8 metres apart. This scale model represents
the Earth-Moon system in both distance and diameter.

Figure 5. Material for the sundial activity.
Several hours later, students go back outside and place
their sundials in the same spot. Do the dials still show the
right time? If not, why not? This is a good problem-solving
activity. It helps students discover that to operate properly,
the sundials must face south. The compass included in the
pack enables the teacher to locate the right direction for
students.
Once students have found the correct direction, the
teacher uses the globe and the rigid sundial included in the
education pack to prove to students that the movement of
the shadow cast by the string on their sundials (the apparent
diurnal movement of the Sun across the sky) results in fact

Figure 7. Earth-Moon system scale model.
The weight of the two globes is even representative. The
Earth globe is weighted to make it 81 times heavier than the
Moon globe. Students can take turns holding the two globes
in their hands to feel how greatly they differ and how much
heavier the Earth is.

Figure 6. Orienting the sundials.
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3.2 The Lunar Puzzle
For this activity, the Montreal Planetarium has created a special lunar jigsaw puzzle. The 48 puzzle pieces are printed on
both sides. The front shows the face of the Moon seen from
Earth, while the back shows the Moon’s hidden face. The two
sides are different colours to easily distinguish them. The
frame of the puzzle includes detailed maps of the Moon’s two
sides that identify the main geological formations as well as
the landing sites of the Apollo missions and the major Luna
missions.

Resources
The education pack contains 15
puzzles, which enable 15 students
(or teams) to discover what the
Moon’s far side looks like, and learn
the nomenclature for the Moon’s
main geological formations (mare,
craters, mountain ranges). Students
are invited to copy the Moon’s main
geological formations on their own
lunar maps (sheets provided for
them to keep). These maps can serve
as guides for their own investigation of the lunar surface with the
naked eye, binoculars, or a small
telescope.
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investigate how an observer’s position on Earth affects the visibility
of an eclipse.
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3.5 Craters on the Moon
Where do the countless craters riddling the lunar surface come from?
What mechanism created them?
With flour, a bit of chocolate-milk
powder, and a few marbles, students
are ready to explore the formation
of lunar craters. Students follow the
teacher’s instructions in order to
prepare the experiment. The education pack contains all the mate3.3 The Far Side of the Moon
rial needed to carry out this activity
The lunar puzzle raises an impor(metal bowls, marbles, bar magnet).
tant question in the minds of stuThe only things students must prodents: Why do we always see the
vide are the flour and chocolatesame side of the Moon? This mysmilk powder.
tery is soon solved thanks to the
Teams of four or five students
lunar lollipops and a little experiexperiment with forming craters in
ment the students can conduct. This
the flour. Students first explore the
Figure 8. The lunar puzzle.
education pack contains 15 lunar
general characteristics of craters
lollipops (wooden discs 10 cm in diameter mounted on and note qualitatively what they observe (crater shape, depth,
wooden sticks 12.5 cm long). Each disc shows the Moon’s rays around the point of impact, etc.). They also measure the
near side on one side and its far side on the other. Students diameter of craters formed by different sizes of marbles fallmust determine which combination of the Moon’s rotation ing from the same height and then by an average-size marble
and its revolution around the Earth results in our satellite falling from different heights. Finally, they copy their meaalways showing the Earth the same face. Students quickly surements on graphs that illustrate the relationship between
discover that the Moon must turn on itself in the same direc- the size of craters, the size of the projectile and its speed of
tion and at the same time as it travels around our planet. impact.
Students are invited to experiment with other combinations
To round out this activity, the teacher projects slides showof rotation and revolution to see whether they respect real- ing craters on the Moon and on Earth, and invites students
ity.
to note the similarities between these craters and those they
observed in their bowls of flour.
3.4 Lunar Phases and Eclipses
Most students have noticed that the Moon’s shape changes
4.0 Conclusion
from day to day. In this simple activity, students play the
role of the Earth to better grasp the mechanism of lunar Since their creation, the Montreal Planetarium’s exploration
phases and lunar and solar eclipses. Each student receives kits have achieved tremendous success and captivated tens
a wooden ball that is 5 cm in diameter, painted white, and of thousands of students across the province. The satisfacmounted on a stick 12.5 cm long. The ball represents the tion rating given by teachers in the evaluation questionnaire
Moon, which revolves around the Earth represented by their is greater than 90%. Students (and teachers!) appreciate the
head. A clamp lamp fixed to one of the classroom walls serves simplicity and sturdiness of the material, the clarity of the
as the Sun.
instructions, and the wealth of information each kit contains.
First, students explore how the rotation of the Earth (their
The kits are enjoyed not only by schools visiting the Planhead) determines the time of day. It’s noon when they face etarium but also by summer camps and day camps. Other
toward the lamp and midnight when they face completely science museums have also benefited from these educational
away. They also discover the positions of sunrise and sunset tools for various periods, ensuring their outreach into comand learn in which direction the Earth turns on itself.
munities throughout Québec.
✹
Next, they examine the appearance of the Moon ball
lit by the lamp when the ball occupies different positions Acknowledgements
in relation to their head. This helps them understand the
The kits were put together with help from a grant from Québec’s Ministry of Culture
mechanism of lunar phases. In addition, they discover the and Communications (the program Étalez votre science) in collaboration with the
mechanism governing lunar and solar eclipses. Students are Société d’astronomie du Planétarium de Montréal, the City of Montréal, and the
invited to explore various types of eclipses (annular and Musée du Séminaire de Sherbrooke.
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Hands-On Space: Fernbank’s Interactive Curriculum for NASA
David Dundee1 and April Whitt2
Jim Cherry Memorial Planetarium, Fernbank Science Center, 156 Heaton Park Drive NE, Atlanta, GA 30307, USA
1
Phone: +1 (404) 378-4314 x201 Fax: +1 (404) 370-1336 Email: david.dundee@fernbank.edu
2
Phone: +1 (404) 378-4311 x221 Fax: +1 (404) 370-1336 Email: april.whitt@fernbank.edu

When Fernbank Science Center received a grant to become one of NASA’s SEMAA (Science, Engineering, Mathematics and Aeropace Academy) sites, instructors had the opportunity to develop activities and lesson plans for grades K-12. We will demonstrate
several successful activities during the presentation.
The Science, Engineering, Mathematics and Aerospace Academy (SEMAA) was established in September, 1993, as a joint
venture by Cuyahoga Community College in Cleveland, Ohio
and the NASA Lewis Research Center. Funding for SEMAA
was provided by NASA Headquarters’ Ofﬁce of Equal Employment Opportunities. SEMAA was established to increase
the number of under-represented and under-served students
interested in science, math, engineering and technology
careers as well as to increase the success rates of all students
interested in science and math. SEMAA is also establishing
partnerships with other science and math stakeholders in
programs and activities which recognize and support students interested in science, math and technology.
SEMAA has four goals. The ﬁrst is to provide academic
enrichment and career awareness programs for students in
grades K-12, encouraging them to acquire a strong academic
background in science and math. This will help prepare them
to pursue undergraduate programs in these areas. Second is
to facilitate the successful transition of students from high
school to post-secondary programs in science, math, engineering and technology. Third, parents are provided with
program activities, enabling them to participate in the education of their children and to continue their own education
within lifelong learning. And fourth, SEMAA strives to introduce students and educators to “state-of-the-art” technology
that can be utilized in experimentation and research.
NASA’s optimum goal is that the students will develop an
intrinsic motivation and passion for their learning, and a
strong sense of hope for their future as they experience success in the classroom/laboratory, and listen to the inspiring
stories of esteemed community mentors and guest speakers
that NASA provides.
The program provides activities for parents in the Parent
Café while their children are attending SEMAA sessions. The
whole family can be involved.
Each grade level in SEMAA follows a theme, and each session uses activities to help students learn about the theme.
Fernbank instructors adapted some of the lesson plans provided, added hands-on activities that had been proven successful in the classroom and laboratory, and developed new
materials for students and teachers.
Part of the SEMAA program is the Aeronautics Education
Laboratory (AEL). A dozen computers with software simu-
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lating a cross-country ﬂight, a wind tunnel for testing airplane designs, NASA videos and print materials, and a virtual
reality pilot trainer make up the AEL. The computers and
software come from NASA, and staff at each SEMAA site are
trained in their use.
Fernbank Science Center became a SEMAA site in the fall
of 1999. Instructors received some of the materials that had
been developed for SEMAA teachers, for the students and for
the parents. Students were recruited from the Fourth Congressional district, which includes DeKalb County (where
Fernbank is located), some schools from the city of Atlanta,
and several suburban, private and parochial schools.
Fernbank’s SEMAA program began with third through
sixth graders attending Saturday classes at the Science
Center annex while their parents were engaged in “Parent
Café” activities in the Center itself. During October and
November, more grade levels were added, and by January,
classes for kindergarten through grade seven were in place.
During the school year, sessions for grades K-7 are offered
each semester. Classes for grades 8 through 12 will be added
as the AEL is completed and tested this summer.
This spring, Fernbank was given the opportunity to develop
a hands-on curriculum for the summer program at other
SEMAA sites. Summer curriculum is a special challenge.
Some of the students attending summer sessions have participated during the previous school year, while others have
not. Providing experience and activities that will beneﬁt
everyone requires a good knowledge of the activities from
the previous grade level as well as the grade students will be
entering during the next school year. Summer curriculum
is the bridge between the two. Fernbank instructors have
developed summer curriculum for all grade levels, and are
testing it this summer along with the other SEMAA sites.
Lessons and activities are all correlated with national science and mathematics standards. The curriculum is taught
at sites all over the country. Technological capability varies
from site to site, and was taken into consideration during
development.
During the IPS Conference, several activities were demonstrated. For a look at the themes by grade level, see the web at
http://www.tri-c.cc.oh.us/cpe/semaa.htm
Fernbank Science Center’s home page is at
http://www.fernbank.edu
✹

Resources

The Universe in Three Dimensions
(Prof) Anthony Fairall1, Dennis Burford2, Herschel Mair3, and Joanne Young4
1

South African Museum, Department of Astronomy, University of Cape Town, Private Bag, Rondebosch 7700, South Africa
Phone: +27 (21) 650-2392 Fax: +27 (21) 650-3342 Email: fairall@physci.uct.ac.za
2
Department of Computer Science, University of Cape Town, Rondebosch 7700, South Africa
3
Planetarium of the South African Museum, Cape Town, South Africa
4
Audio Visual Imagineering Inc, 10801 Cosmonaut Blvd, Orlando, FL 32824, USA
Phone: +1 (407) 859-8166 ext. 303 Fax: +1 (407) 859-8254 Email: joanne@av-imagineering.com

The public’s perception, of the universe about us, is confused by the naked eye’s inability to gauge distances of celestial objects.
Even in a planetarium, the sky is projected onto a two-dimensional surface. However, chromostereoscopy offers the possibility of
showing three-dimensional views, without the need of double projectors, when the audience is ﬁtted out with ChromoDepth™
spectacles. The use of a standard six-projector all-sky system then produces three-dimensional images that surround the viewer.
A sequence of all-sky visuals has been developed; it includes a three dimensional starﬁeld (based on the Hipparcos Satellite data),
the Milky Way Galaxy and extragalactic large-scale structures.
Note: This paper is based on a live demonstration in the Star Theatre at
the Planétarium de Montréal.

Although the night sky is readily available for viewing by the
Earth’s six billion inhabitants, probably only a few million
people have any idea what they are looking at. This stems
from the fact that so many objects in the sky are point-like,
so the eye has no perception of size nor distance. Consequently stars are usually perceived as “tiny,” whereas tiny
meteors are confused as falling “stars.” Perhaps the point is
well illustrated by an amusing incident when, years ago, the
Royal Australian Air Force was scrambled to intercept what
later proved to be the planet Venus. It is therefore not surprising that the public at large are confused as to what is
what in the night sky.
A planetarium (without verbal explanation) does not help,
as it depicts the sky on a two-dimensional surface. There
is even a tendency for some planetarians to over-emphasize
constellation pictures and patterns, without giving fair time
to explaining the true nature and relative distances of the
stars.
Clearly what is needed is some way of allowing the viewers in a planetarium to see in three-dimensions — so at
least they might be able to make the basic distinctions
between planets, near and distant stars, the Milky Way and
the cosmos beyond.
However, most systems for showing images in three-dimensions are expensive, and cannot easily be adapted to a
hemispherical dome. However, chromostereoscopy offers an
avenue that uses existing equipment, but with the audience
ﬁtted out with ChromoDepth™ spectacles. The spectacles
have the great advantage that they create a stereoscopic pair
of images from a single image on the screen. Chromostereoscopy works by color — the perceived distance to an
object varies according to its color. A red dot, for instance,
will appear much closer than the screen on which it is projected (and as close as 2 m from the observer), a blue dot
will appear more distant (even towards inﬁnity). Intermedi-

ate colors of the spectrum appear at intermediate distances.
Ideally a full spectrum of colors (deep red to violet) should
be available, but this is not possible with color ﬁlm, or color
monitors, where the range must, of necessity, run from pure
red to pure green, to pure blue. The system is well suited
to astronomical visuals, since it works best with dark backgrounds. Also, astronomical bodies are rarely seen in color,
so the use of false color is less of a problem.
The six-projector “all-sky” system has become something
of a standard in planetariums. It allows a circular image to
be cut into six pie-shaped segments, and, after suitable distortion, conveyed to six 35mm slides. When projected, they
unite to form a single image over the hemispherical dome.
If the image runs continuously between segments, then an
overlap, with soft edging, is utilized at the segment boundaries. Commercial packages, such as Digidome™ can transform circular images into the six panels necessary for all-sky
projection.
Black backgrounds present some problems with all-sky
slides, since the black in photographic color emulsions is not
completely opaque. Accordingly, in each slide mount, it is
usually necessary to sandwich a second ﬁlm, that carries a
similar image in registration with the original. The second
image may be a simple duplicate, or, as is the case below, a
version where the background is still black, but all else is
transparent (which allows for better color control).
The Planetarium of the South African Museum, working in
collaboration with the Departments of Astronomy and Computer Science at the University of Cape Town, has developed
a sequence of three-dimensional all-sky scenes. The scenes
are designed to work and alternate with the normal starﬁeld,
so to allow for its interpretation. One view is set for Sidereal
Time 6 hours and Latitude 30 degrees North (i.e. Orion and
Big Dipper visible), the other for Sidereal Time 18 hours
and Latitude 30 degrees South (Southern Cross, Scorpius
and the galactic center). Obviously, in the all-sky scenes, the
stars and planets are depicted as small ﬁlled circles (with
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size depending on magnitude, and color on distance) — so
in appearance they are nowhere as realistic as the stars from
our Minolta star projector, but nevertheless show the true
depth perception, in complementary fashion.
It is not possible to display those color images in
this publication, but samples will be made available via
www.museums.org.za/sam/planet/. (The oral presentation of
this paper included various sample panels.)
A database of approximately 9000 stars, to magnitude
6.5, has been extracted from that of the Hipparcos Satellite.
Aside from listing positions and visual magnitudes, Hipparcos provides, for the ﬁrst time, accurate parallaxes (hence
distances). This was particularly needed for the more distant
highly luminous stars, where the old ground-based measured parallaxes were unreliable.
The ﬁrst of our sequence of all-sky three-dimensional
images uses that database entirely as a distant (blue) background, against which the Moon, Sun and planets of our
solar system (red to green) are depicted in the foreground.
This view serves the obvious need to remove the confusion
between solar system objects and the distant stars.
The second in the sequence no longer shows the solar
system, but identiﬁes the nearest stars, by allocating the red
to blue spectrum from zero to a hundred light years. All stars
more distant than a hundred light years — the bulk — are
depicted blue. By viewing this scene, it can be easily established that some of the stars we see in the night sky are
bright because they are relatively nearby, but many are nevertheless still as bright, even though they are distant.
The next in the sequence spreads the visible depth from
zero to a thousand light years, accommodating almost all
the visible stars, and leaving only a sprinkling of still more
distant stars pure blue. This is something of a showpiece,
revealing — inter alia — how many constellations are in
reality comprised of widely scattered members.
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From foreground stars to the Milky Way
One of us (A.P.F.) has constructed a three-dimensional view
of the Milky Way, where red to blue ranges from 0 to 30000
light years. The view is partly based on maps of spiral structure of our galaxy, such as that which recently appeared in
National Geographic magazine (though that particular map
has some inaccuracies). Some license has also been taken
— much of the content of the spiral arms is seen in silhouette as dark clouds. But to portray the distance to a dark
cloud, it has to be color-coded and therefore luminous. Consequently, the product is not a natural view, but an accurate
reproduction of both clouds and starlight. The panoramic
reproduction by Axel Mellinger has been used to gauge
the distances to individual dark clouds, by assessing their
foreground densities of stars. The Hipparcos-based starﬁeld
(entirely red) is superposed on the scene. The view also
shows the Magellanic clouds, the Great Galaxy in Andromeda, and other nearby galaxies (all blue).
The next view in the sequence moves into extragalactic
space, with galactic data suppressed. The spectrum of colours
now runs from zero to 350 million light years. A database
of some 16000 galaxies has been used. Nearer galaxies are
shown as dots, whereas the halos of distant galaxies are
merged to form the labyrinth of large-scale structures, thereby
revealing the texture of the cosmos in three dimensions.
The ﬁnal view depicts the distribution of Abell clusters of
galaxies, that presumably mark the peaks of even more distant large-scale structures. The background to this view is the
most distant image in the universe, that carried by the Cosmic
Microwave Background (rendered here as visible light).
✹
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Tactiles for Planetariums — A “Sight” to Behold (Poster)
David W. Hurd
Planetarium Director, Edinboro University of Pennsylvania, 103 Cooper Hall, Edinboro, PA 16444, USA
Phone: +1 (814) 732-2493 Fax: +1 (814) 732-2422 Email: dhurd@edinboro.edu

Most of us take the beauty of the night sky for granted. However, some of our audience may have a visual impairment that prevents
them from seeing the stars clearly, or at all. Because of a high number of students with visual disabilities here at Edinboro University
of Pennsylvania, our tactile lab created a 1.5-m tactile dome for students who are blind or have other visual impairments. With this
“dome” persons with visual impairments and those that are blind can “feel” their way through the night sky. For those persons without
impairments, we painted the dome for easy identiﬁcation of stars, constellations and other items of interest in the night sky.
This poster is to show you some of the variety of resources the Edinboro University Planetarium can create for you. We only charge
for materials, and would be happy to help you out in any way we can.
Most of the work with those with disabilities at Edinboro
University of Pennsylvania Planetarium has been with students who are visually impaired or blind. This has included
the use of qualiﬁed readers, taped texts, Braille and the
use of tactiles. Working with students who are blind in a
planetarium presents an unusual set of circumstances. For a
medium that is largely visual in nature this is a formidable
task. This task is made somewhat easier through the use of
tactile maps. Tactile maps are raised image reproductions
that allow those with visual impairments to “touch” the stars.
The maps produced by the Edinboro University Planetarium
show the brightness of a star as a function of the size of the
dot (the brighter the star — the bigger the dot). Messier
Objects are also set apart from the rest of the stars by using
a speciﬁc symbol. The Planetarium at Edinboro University
of Pennsylvania has also created moon maps, planisphere,
ecliptic curve and other tactiles that enhance the concepts
for students with visual impairments.

Having the right material is not enough to accommodate a
handicapped individual. Major adjustments to presentation
styles must be made while teaching students who are blind.
For example, you cannot just say “look over here and…”
instead you need to specify direction or give additional
instructions that would enable blind students to “follow”
along on their tactile maps. Many of the projects that require
group participation also have to be adapted to include the
student with a disability. It may be effective to have a group
use both the planetarium sky AND a tactile map. For example, if you are measuring the altitude of Polaris, teammates
can use both the tactile star map and the planetarium to
ﬁnd the altitude and then compare.
For more information regarding astronomy tactiles or speciﬁc questions regarding participants with physical disabilities, contact the Edinboro University of Pennsylvania
Planetarium.
✹
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Hands-On Astrophysics — A Workshop
John R. Percy1 and Janet A. Mattei2
1

Erindale Campus, University of Toronto, Mississauga, ON L5L 1C6, Canada
Phone: +1 (905) 828-5351 Fax: +1 (905) 828-5425 Email: jpercy@erin.utoronto.ca
2
American Association of Variable Star Observers, 25 Birch Street, Cambridge, MA 02138-1205, USA
Phone: +1 (617) 354-0484 Fax: +1 (617) 354-0665 Email: jmattei@aavso.org

Amateur astronomers and students can contribute to scientiﬁc research by measuring and analyzing variable stars, because variable
stars provide important information about the nature and evolution of stars. The techniques can be simple, and there are organizations — notably the American Association of Variable Star Observers (AAVSO) — which co-ordinate such activity, and make the
measurements available to scientists and educators worldwide. By measuring and analyzing variable stars, students can do real science, with real data, while developing and integrating a wide range of science and math skills. The AAVSO therefore developed
the education project “Hands-On Astrophysics” (HOA): more than half a million measurements, software, charts, and instructional
material including videos, tied together with a comprehensive teachers and students’ manual, and supported through the AAVSO
web site www.aavso.org. This workshop will provide an “eyes-on” introduction to variable star measurement and analysis, and to
the AAVSO and HOA, either as a self-contained activity for the classroom (or the planetarium dome), or as a prelude to observing
the real sky.
Unlike the points of light on the inside of your dome, the
stars in the real sky are undergoing a variety of processes —
including evolution — some of which can be seen with the
unaided eye. “Hands-On Astrophysics” (HOA) is a tool for
introducing students to astronomy through “variable stars”
— stars which change in brightness. It was developed by the
American Association of Variable Star Observers (AAVSO),
the largest organization of variable star observers worldwide, with support from the US National Science Foundation. The purpose of the AAVSO is to coordinate, evaluate,
compile, process, archive, analyze, publish, and disseminate
variable star observations, made mostly by backyard amateur astronomers and students. Since its beginning in 1911,
it has archived almost ten million measurements of thousands of stars. AAVSO data and services are requested by
over 300 astronomers and educators each year. This number
has increased by a factor of more than 20 since the beginning
of the “space age”, a generation ago. This is partly because
AAVSO data and services are used extensively in support of
space astronomy missions. This is an excellent example of
how “small science” and “large science” can work together.
HOA helps students to develop and integrate science,
math, and computing skills, motivated by the excitement
of doing real science, with real data. It supports the US
National Standards for Science and Math Education, by
directly involving students in the scientiﬁc process. It uses
600,000 measurements of variable stars from the unique
international variable star database of the AAVSO, and the
techniques and materials which the AAVSO has developed
and reﬁned. It includes: a teacher/student manual; computer
software to analyze data and to create new dataﬁles; the
600,000 measurements mentioned above; 45 variable star
charts; prints and slides for indoor activities; and a videocasette with three short videos. Further information and support is available through the AAVSO web site given below.

84 ✹ IPS 2000 Conference Proceedings

HOA can be used for classroom or lab activities in high
school or college, or it can be used for independent projects
for science fairs etc. It can also be used by amateur astronomers who want to become familiar with the techniques of
variable star observing, so they can begin to contribute to
scientiﬁc research. It can be especially successful when carried out by a group of students or amateur astronomers
as a cooperative project, since they can build up a communal database of measurements, and compare their individual
measurements with those of others. HOA is also being used
in some astronomically-developing countries, as a ﬁrst step
in developing an astronomical research capability.
HOA is quite open-ended. It is an introduction to researchbased science education, in which students or amateur
astronomers contribute to our understanding of the nature
and evolution of the stars through “simple science” activities. Students begin by using slides or prints of variable
stars, and by exploring the astronomical data with software
for graphing and analysis. They can then progress to making
variable star measurements in the real sky; or analyzing online archival measurements of variable stars such as those
from the Hipparcos satellite; or accessing remote, robotic
telescopes to carry out their measurements; or taking their
own 35mm slides of the sky for indoor measurement and
instruction. Planetarians may want to develop a simple activity of identifying a “variable” star on their dome (delta
Cephei, for instance) and measuring its brightness, relative
to “comparison stars!” This is an activity which can be carried out by many students simultaneously. Keep in mind that
many medium-to-large planetarium projectors have a few
variable stars built in! Or the HOA slides can be built into a
planetarium sequence by using available 35mm projectors.
To ﬁnd out more about HOA, or to order the material, contact the AAVSO at the address above. Email: aavso@aavso.org
Web site: http://hoa.aavso.org
✹
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Effective Uses of Earth Image Bases in Planetarium Shows
Patricia Reiff1 and Carolyn Sumners2
1

Chairman, Space Physics Dept, Rice University, 5100 Main Street, Houston, TX 77030, USA
Phone: +1 713 348-4634 Email: reiff@rice.edu
2
Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4632 Fax: +1 (713) 639-4635 Email: csumners@hmns.org

Large high-resolution image bases are now available for the Earth’s atmosphere, biosphere, cryosphere, geosphere and hydrosphere.
In this presentation the authors describe the range of available image bases and describe how they can be integrated into planetarium programs on topics ranging from seasonal changes and weather systems to plate tectonics over millions of years. Techniques for presentation media ranging from slides to full dome graphics are discussed.
All participants received an Earth Update CD with samples of image bases and software for a free-standing kiosk featuring the latest
imagery from the planet.
Rationale

Table 1. Earth Science Topics in Powers of Time

For the planetarium expanding its content base, earth science is a logical choice. Earth science processes can be
applied to conditions on other planets in the solar system.
Also the inclusion of Earth content expands the reach of
planetarium programs to the entire Earth Science curriculum and thereby increases the applicability of the Planetarium learning experience. The Planetarium includes Earth
science information through feature programs and through
earth science display kiosks.

Seasonal Vegetation Changes
High resolution vegetation images showing the annual growing
season on both hemispheres
Terrestrial scenes
The Parthenon and Istanbul, real scenes captured on the dome
Flooding of the Nile Valley
Full-dome simulation of Sirius rising over the Pyramids of Giza
Sunrise over Stonehenge
Full-dome simulation of summer solstice
Formation/Extent of Ice Ages
Simulation showing the growth of ice and the accompanying fall
in sea level on Europe, North America, and the Paciﬁc Rim (using
converted IMAX footage)
Changes in Sea Level
Flooding simulation based on Earth’s ocean rim elevations –
showing which areas are in greatest danger of ﬂooding when sea
levels rise
Night Light Pollution
Fly over night Earth
Mass Extinctions
Full-dome simulation of the dinosaur extinction event
Plate Tectonics
Morphing sequence covering a billion years from 750 million
years in the past to 250 million years in the future. Continental
drift displayed as a ﬂat map and morphed onto a globe

Planetarium Applications
Through a collaborative NASA grant with Rice University,
the Burke Baker Planetarium has successfully introduced
earth science content into two different planetarium programs: The Powers of Time (concerning time cycles on Earth
and in the universe) and Force Five (concerning the greatest
storms on Earth and the Sun). Powers of Time focuses on
cycles of change on Earth and in the universe. Table 1 lists
the earth science content in Powers of Time and summarizes
how it is presented on the planetarium dome. Table 2 lists
the earth science content in Force Five and how Earth experiences are simulated.
In The Powers of Time, the Earth Science topics illustrate the
basic cycles of time with changes on Earth. Six Earth cycles
are chosen: day, month, year, ice age, mass extinctions, plate
tectonics (pangaea to pangaea). These are contrasted with
the cosmic cycles of a star’s life story and the possible expansion and contraction of the universe.
In Force Five, dynamic processes on Earth can be illustrated and later compared with processes on the other planets. These simulations are being created in an immersive
full-dome format.
Access to Data Bases
Earth Update software organizes and makes Earth imagebases readily available. The software accesses images through

Table 2. Earth Science Topics in Force Five
Hurricane Formation, Tracking, and Effects
Simulation of the Great Galveston Hurricane, ﬂight through a
hurricane, following a hurricane track from space
Tornado Formation, Prediction, and Effects
Simulation of a class 5 tornado as well as the pressure cells that
cause the storms to form
Volcanic Eruptions and the Formation of Dust Storms
Simulation of a volcano and the monitoring of global dust levels.
This section includes the latest images of moving dust (ie: over
the Atlantic Ocean from the Sahara)
The Effects of Solar Storms on the Earth’s Atmosphere
Simulation of solar eruptions and coronal mass ejections and
their effect on Earth life. This section includes the creation of
auroras and the danger posed by these storms on spaceﬂight
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ﬁve programs: Atmosphere, Biosphere, Geosphere, Hydrosphere, and Cryosphere.
Each program features “what’s hot”, “sphere
topics”, and “what’s new”
as well as buttons that
explain who, what,
where, and why for each
sphere.
The image bases in
Earth Update are readily accessible in the
software and can be
archived to show planet-wide changes. The software also
serves as a kiosk or set of kiosks showing the latest images of
the planet Earth.
module; the WHY screen in the Hydrosphere; and the break
off of an iceberg in the Cryosphere module. The Atmosphere
module is also shown but the Geosphere module is not.

All topics can be updated with the push of a button on the
software interface and a connection to the Internet. Users can
even observe and predict weather conditions world-wide.
All ﬁve modules are available on the Earth Update CD
which was demonstrated and distributed to participants in
the program.
✹

Sample screens from Earth Update modules show current
conditions, such as the vegetation map in the Biosphere
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Discovery Rooms and Science Shows with “Magic Starlab”:
New “I.D.E.A.S.” for Museums and Planetariums (Workshop)
Susan Reynolds Button1 and Loris Ramponi2
1

OCM BOCES Planetarium, 6820 Thompson Road, PO Box 4754, Syracuse, NY 13221, USA
Phone: +1 (315) 433-2671 Fax: +1 (315) 432-4523 Email: sreynold@cnyric.org
2
Centro studi e ricerche Serafino Zani, Via Bosca 24, 25066 Lumezzane (Brescia), Italy
Fax: +39 30 87 25 45 Email: info@serafinozani.it

Explore and experience continuing developments in creative uses of Starlab cylinders. Since the introduction of I.D.E.A.S at IPS’96
in Osaka, we have expanded and further developed the themes of interdisciplinary “virtual reality chambers” and “Magic Walls.”
We’ve taken the double projection system to new levels and can smoothly transition between cylinders to create a method for
comparison and contrast of various sky representations. This workshop is designed to involve colleagues in activities that will inspire
unique uses of Starlab both in the museum and in the small or portable planetarium setting.
Virtual Reality Chambers
It is possible to create your own Starlab cylinder with the
clear film cylinder. You can draw on it with non-permanent
markers or you can tape transparencies to it. In past workshops we have discussed uses of transparencies that were
created with middle school student drawings. The transparencies were produced by either drawing on them directly, by
using a color copier or by using photographic negatives. This
year, four art and photography students experimented with
producing images by hand or on a computer and by shooting kodalith images. They began to see some interesting new
ways to have people view their work. Their high school art
teacher, Ms. Adamac, is enthusiastic about continuing this
project next year in a more intense way. Students were asked
to write reports about their projects that addressed the following issues:
• Describe what you did and how you did it.
• Describe what you think was good about what you did.
• Describe what you think could be better and how you
would do that.
• What else might you think about doing along the same
lines as this project? List any particular parts of this entire
project (your part or someone else’s) that seems interesting or leads you to think of other things that might be
done.
• Tell us something about yourself: age, grade, what careers
you find interesting as possibilities, are you an art major
or photography major, or have you taken or enjoyed any
science classes?
Double Projectors
A double projection system can be used to smoothly transition between Starlab cylinders and create a method for comparison or contrast of various sky representations. You can
compare ancient mythological cylinders and constellations
to show that the shapes and myths are not arbitrary. For

example, both the Greeks and the Navajo have their “ruler”
constellations near Polaris. The Greeks and Tewa both have
a myth dealing with “two” or “twins” for Pollux and Castor. In
each case the mythological constellations reflect the society
and political hierarchy of the culture. You can also transition between student created “virtual reality chambers” or
between other interdisciplinary cylinders such as weather,
ocean currents and the global projection of the earth.
A new cylinder that works well with the dual projection
system is called “Solar System and Galaxy.” With it you can
project a colored depiction of the Milky Way Galaxy, complete with spiral arms and a scaled distance line. When
presented with this image the beauty of our galaxy awes students and the enormous distances implied, both within the
galaxy and between galaxies. This cylinder can be faded on
or off using the second projector and it can transport students between an Earth based view of the sky and a space
based view of our place in the galaxy.
Magic Walls
It is easy for anyone to use “Magic Walls” even for people
that don’t know constellation patterns. In fact, with “Magic
Walls,” mainly mythology cylinders are used. All the figures
on these cylinders can be learned quickly, after a short
training program.
Only two Science Museums, of fifty visited around the
world, were found to have a permanent room with a reproduction of the sky, like a small planetarium that is always
open to museum visitors. The problem is that the public does
not know constellations and therefore it is very difficult to
recognize a picture in the stars without having a teacher
point them out.
Starlab is an easy and inexpensive way to aid the public in
constellation recognition. With “Magic Walls” we can project the Greek cylinder or other ancient mythological cylinders inside a museum room, for example the “Discovery
room,” during fixed hours and for few minutes. “Magic Walls”
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doesn’t require a dome and doesn’t need to tie up room
space for long because the Starlab projector can be set up
inside the room at the last moment. To complement this
method of projection:
• Glow in the dark figures on a paper can help visitors to
recognize constellations and this short projection can also
become an astronomy game.
• “Magic Walls” is very spectacular, mainly when two or
more projectors are used together. For example you can
use “double projectors” or each projector could be placed
in a different room. The public could then visit the Greek
room, then the Native American room, and last the Chinese room (or other sequences).
• “Magic Walls” without walls: games and… ghosts!
“Magic Walls” can be used during a “science show” in a
museum. This only requires a very dark room. There is also
a version “without walls” when Starlab is used inside a big
space (figures are so giant and faint and therefore difficult
to see) or a room where walls and the ceiling aren’t useful
for this projection. “Magic Starlab” can be used also in an
open-air place during the night in a very dark site. In this
case participants use large sheets of paper, held with the
hands, and “catch” single constellations so they appear on
the paper. Games can also be organized which involve constellation recognition puzzles showing small parts of the
figure, and when there is a winner, the whole figure can
be shown. Children can copy the figure on the large paper
sheets (the projected figure appears on both sides of the
paper) and color the drawing at the end of the projection.
A funny conclusive activity, called “Make a T-shirt with
Starlab”, invites children to divide into small groups. One
group at a time makes a small circular row with their bodies
around the Starlab cylinder. Some parts of constellation figures appear on the T-shirt (works especially well on white
T-shirts).
“Ghosts” through Starlab
One of the famous “Exploratorium exhibits,” Magic Wand (see
“Exploratorium Cookbooks II,” page 110), can be reproduced
with Starlab. This exhibit works because of persistence of
vision in the eye/brain of the visitor. This spectacular effect
is also used with Starlab outside the dome and preferably
in wide spaces. It is better that constellation figures don’t
appear on the walls but magically where the wand is waved.
Using a wide space, it is difficult to see images projected on
far walls. An alternative to a wide space is to use a bookshelf,
without books, in front of the Starlab projector. That has the
same function as the light baffle box (light baffle vanes don’t
show the image that appears on the wand). A similar solution
was used inside a bookshop for children, where a public projection was organized with “Magic Walls.” Another solution is
to ask taller students, preferably with dark clothes, to create a
“wall” with their bodies. Each student shows their side to the
star projector with hands raised above their head. In this way
it is not easy to recognize the images on a surface, only in the
air where the wand is waved.
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There are two limits to this experience: 1) It is more difficult to recognize the figures that appear on the wand when
it is waved; 2) To see the figures better the wand operator
must be very near to the star projector. Therefore, the figures
appear very small and the children must also be next to the
projector.
Also this spectacular effect can be used as a game for recognizing constellations. The planetarium operator must be
well prepared to obtain the best results with “Magic Wand.”
He must know where to wave rapidly up and down, in an
apparently dark area, to produce significant images that
the spectator can recognize. For example wide constellations appear only partially and the operator needs to select,
before the public projection, which part of each constellation will be shown.
It is good to show this special effect only as a curiosity or
as a game at the end of the lesson. It might be more useful,
for educational purposes, to include the “Magic Wand” activity in a lesson about the topic of Light. It could be one of
many activities using the dark inside the dome. This will be
an interesting subject for our next experiences with Starlab.
The idea of projecting figures on a large paper, “Double
screen,” can also be used inside the dome for other purposes.
This activity can be used to show how constellations
appear on a celestial globe. Usually a celestial globe represents the constellations as they appear outside an imaginary
sphere that contains Earth. Constellations appear as if in a
mirror, changing right with left. The operator can show students this effect in the dark by using a celestial globe with
a lamp inside showing how the constellation figures appear
(see “Celestial globe” in the catalogue of the Astronomical
Society of the Pacific). Then children are invited to discover
how constellations appear through Starlab cylinders in front
on a large sheet of paper and on the back of the same paper
(the projected figure appears on both sides of the sheet).
Obviously, the same concept can be explained without the
use of these large sheets of paper but it is an experience, like
the others already described in this workshop, that answers
the need for some funny and active moments during the
lesson.
Celestial globes are interesting for two reasons: 1) the ASP
celestial globe is used during astronomical workshops that
have been organized for schools before or after the lesson
under the dome; 2) knowledge of monuments and art museums of Astronomical interest in our city are also promoted
during these workshops. In one of these monuments there
is an armillary sphere, and an old celestial globe is located
in the main museum of Brescia. In both of these exhibits
the constellations appear to change from the right to the
left. The reasons for this can be explored by having students experience activities involving the properties of celestial globes.
What does “The Sun is in the Twins” mean?
Using three or more of the same large paper sheets, three
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or more zodiacal constellations can be shown. Students
imagine that the Starlab cylinder is the Sun and a student
walks around the cylinder imagining he/she is an earth
observer. The student then states which constellations
gradually appear on the opposite wall of Starlab. Different students try the same experience and discover what it
means when people say that the Sun moves through the
zodiac.

Constellation boundaries
A drawing of the boundaries of a small constellation is prepared on a large paper, with a glow-in-the-dark pen. The
figure of the corresponding constellation is projected inside
the boundaries, demonstrating where the entire celestial
area ends. This simple experience provides an occasion to
speak about the fact that boundaries of constellations are
conventions.
✹

Bringing the Sun Down to Earth (Poster)
Philip M. Sadler, Ed.D.1,2
1
2

F.W. Wright Lecturer on Celestial Navigation, Harvard University, 60 Garden Street, MS-71, Cambridge, MA 02138, USA
Founder, Learning Technologies, Inc., 40 Cameron Avenue, Cambridge, MA 02138, USA
Phone: +1 (617) 628-1459 Fax: +1 (617) 628-8606 Email: psadler@cfa.harvard.edu

Using a telescope to observe the sun is usually an elaborate ordeal. One must employ the correct filters or use eyepiece projection. Either way, safety is a major concern, especially while working with children. We have redesigned Janosik’s legendary Sunspotter™, an unusual, folded-Keplerian telescope that can be easily used for group viewing. Students can quickly draw the positions of
sunspots using the bright, projected image and compare them on a daily basis. This kid-friendly instrument is a much safer alternative to using other telescopes for solar observation.
Background
Observing the sun using a telescope is fraught with difficulty. Direct vision can risk eye damage. Often added to
astronomical telescopes are solar filters that can fall off or
crack due to the sun’s heat, exposing the viewer’s eye to the
concentrated rays of the sun. In addition, astronomical telescopes are often large, unwieldy, and hard to point, optimized for viewing dim objects at night. It is desirable to have
a small, easy to use telescope that is as safe as possible. A
projected image would allow the user to observe solar flares
and sunspots and draw them by placing paper in the image
plane.
A prior art device is described in U.S. Patent 4,437,736
issued to Janosik. As disclosed therein the sun viewing apparatus is a self-contained device consisting of a light shield
with an aperture for admitting the rays of the sun and a
series of pre-aligned lenses and prisms to display an image of
the sun on a screen without the threat of eye damage.
Janosik went on to improve and market a device based
upon his patent, the Sunspotter II (see Figure 1). He developed a triangular device using two lenses and three mirrors
which projected the sun’s image inside the base of the triangle. Learning Technologies is now under license to use
Janosik’s ideas in their own designs.
Janosik’s patented device and the one later manufactured
worked well, but suffered from difficulty in aligning with the
sun and in keeping the instrument aligned. The sun moves
through its own diameter in the sky in about two minutes,

so constant readjustment is necessary and ought to be easy.
In addition, such an instrument must be adjustable in altitude from 0° to 90° and must be able to be pointed in
any azimuth. Janosik’s triangular or cubical instrument was
difficult to tilt and arrange in the proper orientation for
easy viewing. Additional objects had to be placed beneath a
corner of the instrument to tilt it to the proper position in
order to image the sun.

Figure 1. Janosik’s Sunspotter II.
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Brief Summary of the Invention
It is the object of the Sunspotter III to provide a simple
device:
• To allow adults and children to more safely view the sun
with a minimum of set-up time or adjustment.
• To be inexpensive to purchase and maintain, and optimized to solar viewing conditions.
The device includes:
1. At least two lenses for collecting sunlight and projecting a
large image, working as a folded Keplerian telescope.
2. A projection screen.
3. At least one mirror or prism for folding the light path.
4. An enclosure that shades the screen from the direct rays
of the sun.
5. An integral mounting to easily aim the device at the sun
without additional support or equipment.

Figure 3. The Sun and Sunspots Imaged by the Sunspotter III

Figure 2. Learning Technologies’ Sunspotter III.
The Product
• The Sunspotter is designed using achromatic objective
and magnifying lenses (Fig. 2).
• It is based upon a 12” equilateral triangle.
• The resolving power is sufﬁcient to see small sunspots (Fig.
3).
• The cost of the unit is estimated to be $300.
Description of the Sunspotter
The enclosure has an aperture (1) to admit the sun’s light
(see Fig. 4).
In line with the aperture is the telescope’s objective lens
(2) mounted in a tube (3). The sun’s rays pass through the
objective lens into the enclosure. The larger the diameter of
the lens, the brighter the resulting image. The lens can be an
achromat, corrected for chromatic aberration and/or other
defects.
The path of the rays of the sun are then folded by mirrors
(4) or prisms within the enclosure to bring them to a focus
(5) inside the enclosure. A curved mirror can be used to act
as a focusing and reﬂecting element together as in a Newto-
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nian telescope.
After the primary focus, the rays pass through an “eyepiece” lens (6) which magniﬁes the image and projects it
upon a viewing a screen (7).
A Galilean telescope design will place the eyepiece before
the focal point.
A brace (8) holds the eyepiece lens in position and also
helps to stiffen the structure of the telescope. An internally
or externally ﬂanged spool would also add strength. The
screen is placed internal to the enclosure and can be viewed
from the sides of the apparatus. Alternatively, it can be projected on a translucent screen and viewed from behind or
outside the enclosure. The position of optical elements can
be changed to facilitate focusing.
An optical ﬁlter or mirror or series of ﬁlters can be
employed to reduce chromatic aberration or increase the
contrast of the image by removing blue light scattered in the
sky (9). Yellow or green ﬁlters are ideal for this purpose and
will reduce the need for more expensive achromatic lenses.
Additional safety precautions are to use heat absorbing
elements, or enclosing the focal planes in a tube so that a
user’s hands can not reach the concentrated light. In addition, the enclosure should be small enough so that a user
cannot place his head inside. Using lenses brings the ultraviolet and infra-red light to less of a concentrated focus than
using focusing mirrors.
The angular size of the sun is approximately 1/2° and
pointing an instrument with this ﬁeld of view can be difﬁcult. Pointing can be aided by different means of alignment. The sides of the instrument or a gnomon (10) can be
used for initial alignment. A ﬁner alignment can be achieved
through the use of another aperture (11) that is not folded
through which rays of the sun land on a pointing target (12),
hence with much less sensitivity to position than the mag-
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Fig 4. Design of the Sunspotter III
niﬁed solar image. Supporting the telescope on three feet
makes it more stable (13).
The alignment of the instrument can be eased through
an integral telescope mount. In this case by enclosing the
instrument in a cylindrical shape (14) sitting upon a cradle
(15), the unit can be aimed at any altitude of the sun from 0°
to 90°. If the base is made from a horizontal cylinder, changing the unit’s azimuth can be achieved by shifting the enclosure’s orientation in the base. Edges of both cylinders are
chamfered (16) to the correct angle or otherwise shaped to
approximate the tangent of the enclosed sphere. This will

enlarge the area of surface contact and make the unit easier
to align with the sun.
In addition to a circular shape for the telescope, it can be
any geometric shape that sits within a circular or spherical
cradle. In each of these cases the telescope moves so that it’s
center of mass stays in the same point in space above the
base, reducing the chance of it shifting in position after it is
aligned.
A clip (17) can hold a piece or pad of paper so that the user
can draw the sun and it’s sunspots.
✹

Hubble and Your Dome
John M. Stoke
Office of Public Outreach, Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, Maryland 21218, USA
Phone: +1 (410) 338-4394 Fax: +1 (410) 338-4579 Email: stoke@stsci.edu

The Hubble Space Telescope enters its second decade as one of humankind’s premiere astronomical observatories, and we at the
Space Telescope Science Institute greatly value the opportunity that partnering with the museum and planetarium community
offers us to disseminate our discoveries and images, and thus augment the public’s understanding of the universe and of science. In
this paper I will summarize our efforts to date, explain the programs and products that we offer, and invite your participation.
IPS Slide Service
This year IPS inaugurated a slide service for planetarians.
Whenever there’s a new Hubble press release featuring a
photogenic image, we furnish a 1st generation slide to the

IPS’ designated vendor, Bowen Productions, who then makes
slide duplicates and mails them directly to IPS subscribers.
The only cost to the subscriber is the actual duplicating and
mailing costs, this is a completely volunteer effort. IPS ofﬁcers can help you get on the subscription list.
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HubbleSite

Hubble Anniversary Slides and Video

This year we completed production of a brand-new public
web site called HubbleSite (http://hubble.stsci.edu). It reﬂects
a very high-end graphic design style and a number of museums have inquired whether a version of HubbleSite might be
made that would be optimized for exhibition kiosk use. We’ve
done this and I’d be very happy to put it on a CD-ROM at
no cost for any planetarium who’d like to use it as a low-cost
kiosk exhibit. Please send me a blank CD-R disc.

This year we disseminated, free of charge to some 200 USAbased planetariums, a set of 40 slides with detailed captions
and an eight minute video in commemoration of Hubble’s
10th anniversary. If you didn’t see the announcement on
dome-l, I’ve still got a few of these available. Let me know.

Video Clip Service
Many of you are already aware of how to obtain high-resolution images from our web site. What has not been easy at all
to do is obtain access to video clips produced in our Astronomy Visualization Lab. Many of these clips exist in low-resolution QuickTime or mpeg form on our public web site, but
not at anything approaching original broadcast resolution
and quality. This will soon be changing, as I am working
my way through our collection of videos, identifying clips of
potential use to planetariums and museums, digitizing them,
and converting them to mpeg-2 ﬁles at a variety of bit rates.
These will be available for downloading soon from our informal science education web page.
Early News Access
If you work in a planetarium with a high public proﬁle you’ve
probably experienced this before: A new astronomical discovery is announced in the morning paper, and by midmorning the local TV news crew is at your door looking
for an interview. If you’ve not yet read the paper, it can
be quite embarrassing! This year we’re inaugurating a new
opportunity for planetariums that are called upon to provide local interpretation of astronomy news for local media.
We’re offering early access to embargoed press releases, so
that you can prepare your own programming in advance
of the public release date. If you’re interested, please contact me. We will ask you to sign an agreement honoring our
embargo dates.
NASA Space Science Resource Catalog
The Hubble Space Telescope is one of several missions that
are part of NASA’s Origins theme. Origins, in turn, is one
of four organizing “themes” under which NASA Space Science missions are organized. (The other themes are Structure and Evolution of the Universe, Solar System Exploration,
and Sun-Earth Connection.) Recently we completed development of an on-line Educator’s Resource Catalog that contains information about educational products not only from
Space Telescope, but from all NASA Space Science missions.
This site will be made live soon; watch for an announcement
on dome-l.
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Smithsonian Traveling Hubble Exhibition
Working in collaboration with the Smithsonian Traveling
Exhibition Service (SITES), we opened in June, 2000 a
major traveling exhibition about the Hubble Space Telescope, which is presently on display at the Adler Planetarium, but will continue on a national tour for ﬁve years.
There are actually two versions of this exhibition available;
the smaller one opens later this year in Saginaw Michigan.
For more information, please visit the SITES web site:
http://www.si.edu/sites/exhibit/hubble.htm
Space Link & Hubble National Visitor’s Center at Maryland
Science Center
This past year also saw the opening of a new interactive exhibition and space “sports bar” at Baltimore’s Maryland Science Center. The development of this project underscores
our commitment to work with institutions such as yours collaboratively, not just provide “stuff.” For more details, see the
Science Center’s website: http://www.mdsci.org/
ViewSPACE
Many of you have, perhaps, a Spartan audience queuing and
exhibition area. We’ve got something to ﬁll it! If you can
cover the cost of a computer (about $3K), and furnish a large
screen and modest sound system, we will provide you with
an ongoing series of broadband multimedia presentations
that can run in an endless loop in your exhibition space.
The program is called ViewSPACE: it features high resolution Hubble images and animations with descriptive text
and music. These are designed to provide a very relaxing,
reﬂective experience in which audience members can simply
enjoy Hubble images, discover something about their astronomical context, and learn a little science if they care to.
The only cost to you is the computer, internet connection for
receiving updates, and display device; we’ll provide the programming.
I will devote my remaining time to show you a few minutes
of ViewSPACE. Please do contact me if you’d like more information or would like to have ViewSPACE running in your
facility.
✹
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“Boldly Go!” — A Producer’s Perspective
Jon U. Bell
Planetarium Director, Hallstrom Planetarium, Indian River Community College, 3209 Virginia Avenue, Fort Pierce, FL 34981, USA
Phone: +1 (561) 462-4888 Fax: +1 (561) 462-4796 Email: jbell@ircc.cc.fl.us

Space is the ﬁnal frontier. This past winter, IRCC’s Hallstrom Planetarium presented “Boldly Go,” which explored that topic, taking
audiences on a whirlwind tour of the future, as envisioned in the science ﬁction series, “Star Trek.” This sky show was co-written by
Hallstrom Planetarium Director Jon U. Bell and Aldrin Planetarium Director Erich Landstrom, and the program was produced by Bell
and Hallstrom Planetarium Assistant Kelly Quinn. Show topics included matter teleportation, faster-than-light travel, wormholes,
the structure and contents of the Milky Way Galaxy, the possibility of life on other worlds, and how familiar star patterns like Orion
the Hunter and the Big Dipper might appear as seen from other vantage points far removed from our home planet.
In this paper, Jon Bell discusses some of the technical aspects of producing “Boldly Go!” using video clips from the show.
A collaborative script writing effort between Jon U. Bell of
Indian River Community College’s Hallstrom Planetarium
in Fort Pierce, Florida, and Erich Landstrom of the Buzz
Aldrin Planetarium in West Palm Beach, Florida, resulted in
a new sky show, “Boldly Go!” This program addressed many
of the scientiﬁc aspects of the television and movie series
Star Trek, including: the possibility of matter teleportation;
faster-than-light travel; the structure and contents of the
Milky Way Galaxy; how constellations might appear from
different vantage points; and whether extraterrestrial life
exists, and what it might look like.
A series of restaurant meetings (The Cracker Barrel was a
favorite haunt — Erich with his laptop computer and me
with my giant ﬂip chart and magic marker), and e-mail and
telephone communications between the authors, who live
about an hour’s drive from each other, began in the late
winter of 1999. It continued until the show’s opening at the
Hallstrom Planetarium in February 2000.
Early on it was decided that a parody/commentary of the
various incarnations of the television show and movies would
provide for the most interesting and lively commentary, as
opposed to a straightforward narration. Who better to comment on the science in science ﬁction than the characters
themselves? And in order to compensate for not having the
actual actors (we and a few other local voice talents would
have to supply the dialogue), Erich and I decided to make
this into a kind of a “buddy” story, where two guys who just
happened to be planetarium directors, and who just happened to be Star Trek fans, decide to write a show script and
take it to Hollywood in hopes that they can ‘pitch’ the script
to a Star Trek executive and get it approved. Because it’s our
own fantasy, we naturally take on the roles, Walter Mitty-like,
of the various starship captains and crews that we discuss in
the context of the pitch.
Dialogue scripts are tricky things. While producing the
soundtrack would prove to be a fairly straightforward task
of getting good readers and adding some spiffy music and
sound effects, the big challenge for this type of program, of
course, was to make it work visually. A simple narrative lecture loaded with basic facts lends itself well to run-of-the

mill slide displays, but how do you storyboard something
like —
Kirk
Captain’s log, Stardate 2294.6. We have
received orders from Starﬂeet Command to rendezvous and establish diplomatic relations with the
Romulans, a reportedly devious and warlike people
who have recently suggested peace talks between
their Empire and our United Federation of Planets.
We are proceeding cautiously, especially as this
meeting is a clandestine one, shrouded in secrecy.
A newly discovered nebula, or star-cloud, has been
decided upon as the meeting place.
Fortunately, one thing we had going for us at Indian River
Community College was a campus full of talented people
and a great computer graphics lab. I enlisted the help of
the folks who teach computer animation graphics, and one
of their students, Alex Stein, created terriﬁc images of star
ships, cyborg cubes and teleporters. The Starship Captain’s
log was acompanied by a graphic projection of a very enterprising star ship going through a zoom-in, pivot and zoomout maneuver against the planetarium’s star ﬁeld and nebula
effects. But how do you convince people that they’re listening in on a conversation that takes place on the bridge of
such a space ship?
Ensign Blousonrouge Captain, we are now entering
the outer fringes of the Hallstrom Nebula, with
approximately 1.6 parsecs to go before we reach the
cloud’s central ionizing regions and the rendezous
point. Visual contact with other stars is being lost.
Kirk

Duly noted, Mr. Blousonrouge.

Spock This nebula should have already started to
dissipate into the interstellar medium, but it seems
to retain a remarkable cohesion. This leads me to
believe that some force is holding it together. If we
could uncover the source of this force—
Crashing noise and flashing light
Blousonrouge

Red alert! All hands to stations!
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Like a good radio show, it’s not necessary to see the actors.
But the planetarium dome suggests that some kind of scenery must be in place. A good allsky slide projection system
solves a lot of these problems. I contracted with Laura Misajet of LM Images to produce allsky slides of planet surfaces,
cyborg cubes and ship’s bridges, complete with viewscreens
in which we could project images of pulsating clouds, scowling Klingons, or other starships. This type of treatment has
been done in a lot of planetariums over the years, even
before allsky systems were in place; but the added beneﬁt of
having the entire dome covered with the image of a starship
interior is a happy development in our industry.
Sometimes, though, it is nice if you can actually put some
faces and ﬁgures up on the dome for folks to see…
Convinced by Scotty that matter teleportation is a physical impossibility, Kirk, Spock, McCoy and a Security officer land their shuttle craft on the surface of the alien world.
Meanwhile, unaware of such impossibilities, a Romulan
commander “beams down” into their midst.
Romulan
What kept you? Having trouble with
your transporters?
Kirk
It’s a long story, and I’d rather not go into it
right now.
A large amorphous cloud materializes between the two
parties. Ensign Blousonrouge draws his weapon and aims
it at the cloud.
Blousonrouge
cloud!
Kirk

Captain, look out, it’s a hostile alien

Ensign, put down that phaser!

Laser lightning emanates from the cloud, striking the hapless Blousonrouge, who falls to the ground lifeless. McCoy
whips out his tricorder and examines the body.
McCoy Jim, I think he’s dead.
Kirk

This is all my fault…

McCoy Don’t be too hard on yourself, Jim. After all,
he WAS wearing a red shirt.
Cloud

Greetings given to you each and all.

The action freezes as we hear the voice over of the Star
Trek executive who is hearing Jon and Erich’s ‘pitch’ for
their proposed script.
Star Trek Executive Okay, now I gotta stop this
right here. We’ve already DONE Giant anthropomorphic talking clouds. Frankly I’ve had it up to
here with them!
Jon

How’s that again?

Star Trek Executive I mean, no one appreciates
economy more than I, but aren’t you gentlemen
going with this intelligent talking cloud scenario
simply because it’s cheaper to make glowing cloud
effects? Why not a robot or something? Robots are
very trendy.
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Erich

Okay, robots it is.

Action resumes as the giant cloud transmogrifies into a
small robot held by a stagehand.
M6 Robot Greetings. I am the robot intermediary
sent by the talking cloud.
Star Trek Executive Talking clouds, talking robots.
What next — talking cats?
While it’s not too hard to project an allsky or even a panorama of an alien planet on the dome, and cloud effects, as
alluded to in the script, are amazingly easy, how do you ﬁll
the rest of the dialogue visually?
Once again, luckily, it’s great to be surrounded by a lot
of talented and willing co-workers. IRCC has a very professional video crew, due to the fact that we provide a lot of
distance learning experiences (teleclasses, telecourses and
internet classes). And it’s nice to have access to the College’s large performing arts theater and stage where students in costume can pantomime the dialogue in the show’s
soundtrack so that it can be video-projected onto the planetarium dome.
Makeup is an essential ingredient in most Hollywood
movies and tv shows, and is usually taken to new heights in
the science ﬁction genre, given all the aliens that abound in
most Trek plots. After unsuccessfully trying to enlist the help
of a freelance makeup artist who works for Universal’s theme
park in Orlando, it occurred to me that my school also had a
cosmetology department. Turns out they do the makeup for
IRCC’s other theatrical productions too. The cosmetology
faculty loaned me a couple of their best students and sent
me to their costume and makeup supplier for all the necessary materials. Costumes were sewn by Erich’s wife Heather
and my wife Lisa. Next thing you knew, we had Klingons,
Romulans, Ferengi — it was like a Star Trek convention right
up there on our dome.
Data

Sir, we’ve got Klingons.

Picard Hail them, Mr. Data. Let us see what they
look like
Klingon image appears on viewscreen
Qalt
We are Klingons, a race of proud warriors.
We dress swarthily, we never bathe, and we have very
short and unpleasant tempers. I am Commander
Qalt. No one is more unpleasant than me.
Geordi Sounds like lawyers.
When you travel out into space, you “steer by the stars”
even if those stars are in different places, or even if those
stars are entirely different from the ones we see from Earth.
So long as you stay close to Earth, or the solar system, or
even the area comprising the nearest handful of stars, then
most of these stars and constellations will look familiar to us.
Orion the Hunter will still look pretty much the way it does
here on Earth, with Rigel located in his leg, and Betelgeuse
where his shoulder would be. Taurus the Bull will remain
Taurus the Bull. The Greater and Lesser Dogs, Canis Major
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and Canis Minor, will still follow after Orion. Gemini will
still be found above Orion’s head. And the Big Dipper will
still be the Big Dipper.
But, if we were to “boldly go” off in the direction of Orion,
for instance, we would lose that familiar pattern the farther
out into space we went. Constellations are illusory. The stars
are not all at the same distance away from us, as if they were
attached to some invisible sphere or dome. In reality, some
stars are relatively close by, while others are very far away.
The Digistar planetarium, available from Evans and Sutherland, is capable of displaying starﬁelds as they might appear
from different vantage points. Erich and I wanted to let our
audiences see what that would be like, and we also supposed
for the audience that future star travelers will probably make
up some interesting and unique “new” constellations as they
move about in the galaxy. What if our spaceship ﬂew around
the stars of Orion, for instance?
Unfortunately, neither Erich nor I have a Digistar to make
this trip possible. I’ve got a Spitz 512, and Erich has a Spitz
A3P. But we both had SkySkan’s Special Effects videodisc
number 12, that has ﬂyarounds of both Orion and the Big
Dipper. So last fall, we sat down in Erich’s theater and looked
at the images in slowplay, freezing them every so often as a
new arrangement of stars suggested an imaginary asterism.
The result provided the following show segment:
Jon
From one vantage point, Orion would look
like this. [Frame #] This new constellation might be
called, “The Koala Bear and the Eucalyptus leaf.”
Erich

The Koala Bear —

Jon

— and the Eucalyptus leaf. Yes.

Erich

That’s what you see there?

Jon

Yes, of course. Don’t you?

Erich
(sighs) Whatever. Ahh, here’s one I can see.
[Frame #] This must be the famous, “Tribble Brood.”
Or maybe it’s “Tribble Droppings.”
Jon
You see that, and yet you can’t see a koala
bear and a eucalyptus leaf.
Erich

Yes, well it’s obvious. Obviously.

Jon
Hmm, I thought I saw kind of a dipper shape
there for a moment. [Frame #] Okay, how about
this: “The Regulan Bloodworm.”
Erich
Not bad. I especially like the red eye effect
created by the new placement of the star Betelgeuse. [Frame #] Oh, now there’s a constellation
that should be familiar to all star-farers. Do you recognize it?
Jon
Of course. What starship could run without
its power source? It looks like we’ve found—
E&J

“The Dilithium Crystal!”

Jon
ﬁles?

What else have we got in the computer

Erich
Oh, here’s one of the Big Dipper. When we
see it from different vantage points, it loses its familiar dipper shape. [Frame #] From this position, the
stars are bunched together in what I call — “The
Klingon Death Barge.”
Jon
Or, alternatively, it could be “The Lights of
Stovokor.” Perhaps this star, Dubhe, might be the
Klingon home world’s North Star. And those other
stars are the souls of Klingons who died dishonorable deaths, and are now condemned to forever
circle Dubhe, never allowed to reach Klingon paradise!
Erich
Oh yeah, you’ve been watching too many
Star Trek episodes.
All in all, this production turned out to be the most ambitious one of my twenty-ﬁve year career, if you go by the
number of people who were enlisted into the cause. IRCC’s
administration — the President, Vice-Presidents, my Dean,
my fellow faculty members were all supportive and encouraging. The College’s public radio station, WQCS provided
us with a studio and a recording engineer; Distance Learning donated its videography talents. The theater and its folks
were there for us also. The CADLab was at our disposal too.
Cosmetology provided out-of-this-world facials; our local
ﬁlm processor shot the kodalith as well as the ektachrome.
In addition to programming and production help, my assistant Kelly Quinn drove me around in her car while I videotaped us passing trucks and trafﬁc jams to make an analogy
about galactic density waves; then she got to play both a
starship Captain in the Delta Quadrant AND a Klingon in a
business suit. And other planetarium folk were not to be left
out — Dave Maness and Kelly Herbst of the Virginia Living
Museum in Newport News served as script editors, as did Pat
McQuillan of the Alexander Brest Planetarium in Jacksonville, who even actually agreed to also be a Ferengi for a day.
The College’s Institutional Advancement ofﬁce sent out
news releases; brochures and posters that were assembled
by the College’s print shop; the IRCC Box Ofﬁce sold tickets
that were collected by student ambassadors at the door while
the local astronomy club set up and operated telescopes
after the shows. And our wives, Lisa and Heather, endured
our endless Star Trek fantasies, and even provided costumes
and moral support.
Finally, of course, such a planetarium show wouldn’t have
been possible without the original genius and creative efforts
of the folks who brought Star Trek to life way back in the
60’s, from Creator/Producer Gene Rodenberry to the writers, directors, ﬁlm crews, actors, musicians, production folk,
publicists, and on and on it goes…
The credits at the end of the show multiplied like tribbles,
until the dome was covered with the dozens of names that
helped in this production. Truly, we had “boldly gone” where
no planetarium had gone before.
✹
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“Boldly Go!” — A Presenter’s Perspective
Kelly Quinn
Planetarium Assistant, Hallstrom Planetarium, Indian River Community College, 3209 Virginia Avenue, Fort Pierce, FL 34981, USA
Phone: +1 (561) 462-4888 Fax: +1 (561) 462-4796 Email: KDQuinn@email.msn.com

How do you introduce “Boldly Go! — The Science of Star Trek” to an audience expecting a traditional “Sky Tonight” style planetarium show? What is it like to be transformed into a Klingon, and does your personality ever revert completely back to Homo
sapiens? Do young audiences who weren’t raised on the science ﬁction stylings of Gene Roddenberry even get it? How do you
translate complex concepts into compelling, easily understood visuals? What kinds of displays and exhibits can you create for a sci-ﬁ
presentation? How do you overcome the timing difﬁculties inherent in using live action video, an original soundtrack, and a variety
of other sources in your presentation? These are only a few of the questions Hallstrom Planetarium Assistant Kelly Quinn will answer
in this discussion of “Boldly Go!” from a presenter’s perspective.
“Boldly Go! — The Science of Star Trek”, the planetarium
program created by Jon U. Bell of Indian River Community
College’s Hallstrom Planetarium and Erich Landstrom of the
Buzz Aldrin Planetarium, presents some unique challenges
and opportunities for show presentation. When you are dealing with complex subjects such as the possibility of extraterrestrial life, matter teleportation, and faster than light travel,
the possibilities are endless, the variables are innumerable,
and the underlying scientiﬁc theories are elaborate. When
Jon and Erich invited me to join in on their discussions
about the direction their new project was taking and to read
a rough draft of the script, I was not sure exactly what to
expect. (Anything is possible when you get a couple of enthusiastic Trekkies — ahem, Jon says the proper term is “Trekkers,” — who also happen to be planetarians together!)
After reviewing the script and sitting in with the authors on
a read-through of the program, it began to take shape for me.
Jon took the lead with Indian River Community College’s
Distance Learning (video production) Department, props
began ﬁlling the nooks and crannies of Hallstrom Planetarium, work was begun on the soundtrack, and we began the
process of storyboarding. It was clear from the beginning
that original video was going to play a large part in conveying Jon and Erich’s vision to the audience; however, several
segments of the program cried out for the imaginative use of
other planetarium systems.
During one portion of the program, our heroes contemplate various routes the starship Voyager might take to get
back to the alpha quadrant:
Jon
I said, maybe we should play a little game
here, called, “Let’s get the starship Voyager back to
the Alpha Quadrant.”
Erich
Sounds like fun. Guess we ought to plot a
course for them, huh?
Present Address:
Bishop Planetarium, 201 10th Street West, Bradenton, FL 34205, USA
Phone: +1 (941) 746-4132 Fax: +1 (941) 747-2556
Email: KDQuinn@email.msn.com
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Jon
Exactly. Now if they’re in the unnamed arm
here, they probably ought to conﬁne themselves to
traveling through the galactic disc, instead of arcing
up and over, or down and under.
Star Trek Exec

Why is that?

Jon
Well, they’re probably going to want to get
lots of supplies and meet a lot of alien folks who
could help them along the way. If they go above or
below the galactic disc, they won’t ﬁnd anywhere
near the number of stars and planets that they could
encounter in one of the spiral arms.
Erich
Although they would have some perfectly
splendid views of globular star clusters, ancient collections of stars that permeate the galactic halo, a
great spherical area surrounding our galaxy’s disc.
IRCC’s student computer graphics designer Alex Stein created an image of a “Voyager-like” starship that was superimposed over a panoramic view of the Milky Way projected
along the spring line of our dome. The Spitz 512’s star ﬁeld
provided a backdrop, the full dome allsky system contributed a halo of globular clusters, and the Sky Scan laser disc
library contributed a zoom-in to M13. The combination of
all these different media and projection systems provided
audiences with the unique experience of coasting above the
galactic plane along with the Voyager.
Not only did we want to take our audiences along for the
ride, we wanted to impart a better understanding of a few of
the complex theories behind some of the science of Star Trek.
During the ﬁnal segment of “Boldly Go,” Jon and Erich ﬁnd
themselves in Quark’s Bar on Deep Space Nine, just outside the
Bajoran Wormhole. After asserting the theoretical nature of
wormholes (or Einstein-Rosen Bridges), Jon and Erich attempt
to explain to Quark why faster-than-light travel might be desirable and how it might be possible. An innovative use of root
beer played an important part in this discussion:
Quark What do you mean “bubbles”? Like the bubbles in a carbonated beverage, such as that loathsome, sickeningly-sweet concoction you hu-mons
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love so much — what’s it called — tuber something?
Erich

Root beer.

Jon
The idea is similar. Here on the station, as
a bubble of gas moves upward through a liquid, the
bubble travels much faster than the surrounding
ﬂuid does. Inside the bubble, all the laws of pressure
are obeyed. Outside the bubble, all the laws of viscosity are obeyed. But between the bubble and the
drink, the pocket of gas zips along. Not warp speed,
but you get the idea, okay?
Quark I think so...
Jon
A physicist named Miguel Alcubierre was
able to demonstrate that it was possible to tailor
a space-time conﬁguration wherein a spacecraft
could travel at “warp speed.” When a starship like
the Enterprise or Voyager goes into warp, it forms
a warp bubble around itself, sealing itself off from
the rest of the Universe. Inside the bubble, the
space behind expands by a huge amount, so the
star-base left a few minutes ago is now many lightyears away. Ahead, space contracts or is compressed
so the colony you are racing towards is now suddenly much closer to you.
And after an introduction like that, it should come as no
surprise that our audiences were treated to that classic Star
Trek scene where the starship Enterprise crosses the star
ﬁeld and zooms off:
Quark THROUGH space! Not around, not across.
Right through!!!
Erich
Right! That “hole” into the fourth dimension is what we call a “wormhole” in space-time. We
are opening up a portal in two different areas of
space, but they are connected to each by a straight
line. It doesn’t matter how many miles, kilometers,
light-years, or parsecs lie between one end of the
wormhole and the other.
ASH Enterprise’s Warp Drive projector helped make the
Enterprise convincingly zoom off into the star ﬁeld.
Unlike most Star Trek episodes, “Boldly Go” does not have
a happy ending for our heroes:
Jon
(enthusiastically) And ﬁnally, when we leave
the space station, there are tribbles everywhere!
ST Exec You mean those little furry things that make
those cute purring noises.
Erich

Yes, that’s the ending. What do you think?

ST Exec Hmmn. Don’t like it. Don’t like any of it.
Get outta here.
The Star Trek executive pivots in her seat, turning to face
the audience — she is obviously a Klingon. The door to
the Star Trek executive’s office swooshes open à la the
Enterprise turbolift doors, and Jon and Erich find them-

selves unceremoniously escorted out.
Jon
Space Rats! It’s all my fault. I forgot that
Klingons hate tribbles. But then, who knew they had
a Klingon in charge of their script writing department?
Erich
do?

(dejectedly) So that’s that. Now what do we

Jon
Well, we can always turn it into a planetarium show.
Both

Naahh.

Or does it? I’ll leave that question open for your interpretation.
By the way, I was the Klingon Star Trek executive in that
last video clip. Jon told you about Indian River Community
College’s ﬁne Cosmetology (not to be confused with cosmology) Program and the excellent job they did transforming
humans into alien life forms. What he might not have mentioned is the effect that being transformed into a Klingon
has on your personality.
The process of being made up is not quick and easy; it takes
a couple of hours, many layers of face paint, goopy, smelly
latex glue, wax putty nose and cheek bridges, a glued-on
headpiece, bobby-pinned wig, plastic teeth, and a complete
attitude adjustment. Suddenly you look in the mirror and see
an alien looking back at you. Yikes! The walk across campus
from the cosmetology lab to the Video Production Workshop
is a lesson in cross species relations. Suddenly, you are Klingon! Everyone else in the world is a lowly “P’tachk.” The videotaping passes far too quickly — just when you are really
starting to snarl like a true Klingon, it is time to attempt to
wash off the makeup, wax, and latex glue. Back to reality! But,
if you’re lucky, a little bit of that Klingon blood still ﬂows
through your veins, and you serve ghak to your children for
dinner on Klingon holidays.
After all the effort we put into creating a complete program, we got the opportunity to present “Boldly Go” to our
ﬁrst audience on February 18, 2000. Opening night was
the usual rush of last minute checks, forgotten details, and
anticipation of the audience reaction. Jon and I greeted
patrons of Hallstrom Planetarium in original Star Trek uniforms — the better to prepare them for the mission ahead.
Jon, dressed appropriately in the red shirt of engineering,
held court behind the planetarium console, which many
patrons mistook for a mock up of an Enterprise transporter
console. I wore gold for command, and for a brief time, outranked him, until Jon’s wife Lisa added another set of gold
braids to his sleeve.
We presented the program twenty-two times to a variety
of audiences, from general public shows, to a special Indian
River Community College faculty viewing, and even to a
couple of school groups. Many audience members responded
to the program with great enthusiasm; some were confused
by the concepts behind the program; a few were unfamiliar
with Star Trek, and only three responded with enough consternation to prompt them to leave in the middle of the
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show. Erich Landstrom, co-writer of the program, and his
wife, Heather, attended four of our public performances to
enjoy the fruit of all that time and attention to detail. “Boldly
Go” was a fun program to present; a chance to pass along
Mr. Spock’s wisdom — “Live long and prosper”; a chance to
thank people for beaming aboard; and a chance for Jon and
Erich to fulﬁll childhood fantasies of becoming Captain Kirk
and Captain Picard.
As an extra component to “Boldly Go,” the program, we
used a display case next to the entrance to the planetarium
theater to showcase a collection of Star Trek memorabilia,
props from our video segments, costumes, wigs, and headpieces backed by a schematic of the Milky Way galaxy. The
Star Trek display, which was showcased for nine weeks, generated a great deal of interest in our efforts in the planetarium.
Indian River Community College’s 40th Anniversary celebration and open house fell during that period, so our record
crowd of over 640 visitors to the planetarium were treated to

a live tour of the sky and a sneak peek at “Boldly Go.”
Our exhibit, themed to the current program, proved to be
so popular that it is becoming a tradition at Hallstrom Planetarium. Following “Boldly Go,” we presented “Bear Tales and
Other Grizzly Stories” as our spring season public offering.
Since “Bear Tales” takes place on a family camping trip, we
built our display theme around camping, included a plethora of useful tips for naked-eye and binocular observing,
and even added a campﬁre and snack of s’mores, complete
with marshmallows, for our guests to feast their eyes on.
“Boldly Go” offered us the chance to work with a very talented crew, exploring new avenues for reaching out to our
audience and igniting that ﬂame of interest and enthusiasm.
This program proved to be a rewarding mission for all who
were involved, and it renewed our desire to ‘boldly go’ on our
continuing quest of reaching out to share our fascination
with astronomy with new life and new civilizations.
✹

Inuit (Eskimo) Sky Ideas and Use
Jeanne E. Bishop
Westlake Schools Planetarium, 24525 Hilliard Road, Westlake, Ohio 44145, USA
Phone: +1 (440) 871-5293 Fax: +1 (440) 835-5572 Email: jeanbishop@aol.com

This paper is intended to complement the author’s Starlab workshop on Eskimo/Inuit Astronomy and Mythology. Star chart transparencies will be used to illustrate the stars at the northern latitude of 69 degrees (community of Igloolik) for late evening and
morning at the winter solstice. Unlike latitudes further south, people at high latitudes cannot use Polaris easily for navigation. Inuit
star use is limited to a short part of the year, and knowledge of stars to those north of the celestial equator. This paper contains
concepts of stars in general and particular stars and uses of stars as seasonal markers and navigation aids, with reference to Eskimo
lifestyle. Some comparisons are made with Native American sky ideas, which the author has learned in previous studies.
Planetarians spend most of their time promoting and explaining a sky that appears at mid-latitudes. Unless a program features the aurora borealis, navigation, or the southern sky, a
latitude setting for our programs remains somewhere near
40 degrees north. Recently, I became interested in Inuit
astronomy as I read an excellent book by John MacDonald:
The Arctic Sky: Inuit Astronomy, Star Lore, and Legend. I recommend having a planetarium program, public and or school,
featuring they sky he discusses—one which emphasizes the
stars seen and when they are seen, as well as the sun’s path
and the aurora. The moon’s path at this latitude can also be
explored. I recommend including the rich mythology of the
Inuit natives, some of whom are called Eskimo. Only those
Inuit between Bafﬁn Island and Coronation Gulf have the
correct name of Eskimo. Technically other Inuit have different names. “Inuit” means “the people.”
The Inuit culture stretches across Northern Alaska, Northern Canada, Greenland, and Siberia. The language, religion,
and life practices of this culture reveal that they have a
common ancestry. The harsh climate probably is partly
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responsible for themes and details of many of the Inuit
myths: the myths often have themes of death and injury.
Due to refraction and twilight effect, the North Pole, 90
degrees North, has 32 weeks (not 26) of continuous daylight. Daylight is deﬁned as the light level needed to read
a newspaper. There are 8 more weeks of low light, and 12
weeks of real night. A typical Inuit community is Igloolik, at
69 degrees, 22 minutes North. There the sun is below the
horizon for 46 days, from November 29 to January 14; the
sun is above the horizon for 66 days, between May 19 and
July 24. Twilight at Igloolik begins about mid-April and ends
at the end of August. The result is that the Inuit of Igloolik
have only three months when the sky is dark. Early visitors
to Igloolik and other Inuit communities noted that the sky
seldom appears really clear on these nights. In 1824, William Parry remarked, “There is scarcely one night in twenty
when the heavenly bodies, if viewed through the telescope,
do not appear surrounded with more or less haze.”
Probably much of the “haze” is due to aurora borealis light
and reﬂected starlight from snow. The reﬂection effect from
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stars is two to three times what it is in non-polar areas. Fine
snow, clouds, and wind also hinder observations of stars.
And much of the night is interrupted by moonlight, made
especially bright by reﬂection from snow.
Nevertheless, most Inuit thought of sky objects, like all
things in nature, as very important. Through close discussion with Inuit elders at Igloolik over the last ten years, John
MacDonald has learned that the sky is intimately tied with
religion, navigation, and seasonal predictions. In spite of a
reduction in traditional celestial knowledge due to intrusions of modern culture, the elders remembered 33 stars,
two star clusters, the Orion Nebula, the Milky Way, and planets, sun and moon. This represents far more than what elders
of most Native American groups, peoples who had longer
times and more stars to observe, have been able to recall
in this century. And this ﬁnding of many constellations and
their cultural use deviates with written judgments of earlier
explorers, who often said that the Eskimo had little or no
astronomy. To John MacDonald, the elders of Igloolik often
seemed to carry detailed maps of the stars in their heads so
they could tell many things about the stars.
The Init of Igloolik generally give spirit and animal names
to single stars, not constellations. The one exception is Ursa
Major, which they call Tukturjuit. “Tukturjuit” is seen by
Inuit of Igloolik as a caribou, with the handle of the Big
Dipper forming antlers viewed in side proﬁle. Other Inuit
ideas for these stars have been a group of caribou or three
men carrying a friend who is ill or who has been hurt in
hunting.
Except for Ursa Major stars, constellations are inanimate
things, although bright stars of Auriga and Gemini form collarbones. I think it interesting that the Lakota Sioux see a
buffalo skeleton in Orion’s stars. One may wonder if there
was an original single origin for bones in the stars or if primitive hunting societies would independently converge on the
idea.
A source of confusion about Inuit stars and constellations
has been due to names. Often there are two names for
a star, a common name, used for navigation and season
marking, and a mythical name. MacDonald found that the
common name rarely changes, while the mythical name may
be applied to different stars to suit the purpose of the storyteller. Imagine giving a planetarium program in this fashion!
The Inuit conceptualized the sky to be a solid, arching
canopy of hard material, like a planetarium dome. It was
thought to be longer from east to west and shorter from
north to south. Some elder Inuit, not reared with strong
western tradition, believe that the celestial sphere turns
about the Earth, while others believe that the Earth turns.
The traditional view of the Earth is that it is ﬂat and very
deep. Natives of Igloolik believed that the stars, sun, and
moon are spirits that live in the sky. Many of the legends
about how people became spirits are related to a very complex system of taboos, which the spirit people have broken.
Some believe that the star spirits are the souls of ordinary
people. The Inuit of Nunivak said the stars are big holes in

the sky world through which the shaman goes, as he makes
spirit ﬂights to the moon and other places. Other concepts
are that some stars are sparks from Moon-brother’s torch
or small round lakes. The lake idea is held by Inuit of Kotzebue in Alaska, a place I have visited. There in summer I
saw soggy tundra with puddles, so the puddle idea for stars
seems a natural outcome of this frequent observation. Some
Native Americans also have myths of a hole in the sky, the
star Polaris.
Another similarity with some Native Americans, such as
the Cherokee, is the idea of multiple heavens, like planetarium domes stacked one on top of the other. The Inuit and
Cherokee say that four or ﬁve different sky worlds lay above
the Earth. Today in Igloolik the Christian idea of heaven is
inextricably combined with that of a place occupied with
souls or spirits. Depending on sins or method of death of
different people, souls move to different places in the upper
worlds.
Consider the stars as seen at 69 degrees north, looking
south, ﬁrst at the late night sky and then at the morning sky,
both on the December solstice. Think of our late evening
December sky near 40 degrees north, pulled downward in
the south and upward in the north. Orion and Taurus lie
near the meridian in the south, and the entire winter hexagon is just visible. Sirius is on the south-southwest horizon;
Arcturus is near the northeast horizon; Vega is near the
north-northwest horizon; Ursa Major is high in the east and
Cassiopeia is high in the west.
By morning, on the winter solstice, 8 hours later, the dark
sky shows the Pleiades and Hyades skimming the northwest
horizon. Castor, Pollux, and Capella are high in the northwest, and Procyon is close to the western horizon. Arcturus is
halfway to the zenith in the south. Altair is in the east below
Vega. Notice that single stars and pairs of stars received constellation names. Notice the position of Polaris, very high in
the north, only 21 degrees from the zenith.
Before and after the December solstice, Inuit watched for
stars with low altitudes to reach certain azimuths. Altair,
Tarazed, Castor, Pollux, and Vega were observed carefully
as heralds of the coming spring light. Altair and Tarazed of
Aquila, blinking above the northeast horizon in the morning
on the winter solstice, were even said by some to bring the
light of the New Year. Many Inuit remember being sent outside in the dark winter mornings by their families to see if
Altair and Tarazed were visible. The stars’ appearance meant
that the day’s activities should begin. The person returning
to the house and family would loudly say, “day beginning,”
words which served like an alarm clock. Due to its daily
and seasonal use, the star pair Altair and Tarazed, called
Aagjuuk, was the most important and widely recognized constellation.
Polaris is not very important to the Inuit, because it has
such a high altitude. Polaris is not easy to use for navigation. Polaris is not even recognized as marking a special
direction, like our north. Those who know it consider it a
marker between two wind directions. Perhaps it is this lack
of importance of Polaris that caused early explorers, people
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who greatly depended upon sightings of Polaris, to conclude
that the Inuit had little astronomy.
Bright stars that move closer to the horizon and which rise
and set are more important to Inuit myths, navigation, and
season marking than circumpolar stars. MacDonald believes
that the changing color and brightness of such stars as they
change azimuth and rise and set, may make the stars appear
more like sprits of human beings.
Although the winter was a cozy time for some, a time for
making clothing, telling stories and watching and learning
string games in the community singing house and family
homes (igloos, sod, or subterranean homes), there often was
anxiety. People were not always sure of their food supply, and
if hunters went out in the dark, families were afraid for them.
For a few, the lack of light seems to cause great depression,
which can progress to insanity. Another psychological factor
is one experienced by the sky-watchers near springtime:
the stars moving along the horizon seem to “hurry up.” The
Inuit believe that the stars are running to catch up with the
coming daylight.
Cat’s cradle ﬁgures, or string ﬁgures, were related to Inuit
ideas of the stars. The sprits of the stars could have their
negative powers countered by forming certain ﬁgures. For
Altair and Tarazed (Aagjuuk), the ﬁgure of “Two Labrets”
might be quickly made and unmade. String ﬁgures were not
to be made after the dark period, and one alternative name
for Altair and Tarazed was the translation “they prohibit
the playing of string games.” (The Navajo also relate speciﬁc
string games to constellations and say they cannot be made
in summer.)
Betelgeuse and Bellatrix are the old man and the orphan
boy. The old man, Betelgeuse, chases Bellatrix, the orphan
boy. Vega is the boy’s grandmother chasing them both from
halfway around the sky. (There are other old man/orphan
boy star designations.) Rigel is a hunter who has lost his caribou mitten; in order to pick it up, he leaves his three running
brothers or brothers in a sled, the Orion belt stars. Aldebaran is a polar bear, which the hunters are chasing. The hunters’ children are Orion’s sword stars, and the children carry
dry clothes to their fathers in a bundle, the Great Nebula
of Orion. (An alternate idea of the sword stars is three steep

102 ✹ IPS 2000 Conference Proceedings

steps in a snow bank.) The Pleiades are a pack of dogs guarding the bear or a breastbone, and the Hyades is a group of
hunters ready to receive the shares of the butchered polar
bear (Aldebaran).
The top three stars of Cassiopeia (Schadar, Caph, and Cih)
are called the stone lamp. This refers to the triangle that is
placed in the ﬂoor of a home making a triangle that holds a
soapstone lamp. It is also referred to as a “sod-cutter,” a tool
for making winter homes. Castor and Pollux of Gemini form
one collarbone, and Capella and Menkalinan in Auriga form
another. The collarbones were important in nighttime navigation by hunters. Procyon is a very heavy hunter who felt he
could not safely walk on pack ice, so he stole the catches of
others. Sirius, a sign of lengthening days was an old woman
with a seal-oil lamp, or a fox. Arcturus is called “leading star,”
as it is the ﬁrst star to be seen through the fading fall light.
The work by John MacDonald in the past decade provides
authoritative information for an interesting program about
Inuit sky use and lore. I suggest that you include some of this
information in a program that features the north polar or
far-north sky.
Excellent sources of information on Inuit sky ideas:
1. MacDonald, John. The Arctic Sky: Inuit Astronomy, Star Lore,
and Legend. Royal Ontario Museum/Nunavut Research
Institute, 1998. This is an outstanding, authoritative, and
detailed resource.
2. Rink, Hinrich. Tales and Traditions of the Eskimo. Dover Publications. 1997 re-publication of an 1875 book. This is a very
detailed set of myths revealing the severe life of the Inuit,
although little reference is made to astronomy. This book
is a classic of Arctic literature.
3. “Eskimo” program of Humanities and the Stars: Interpreting
Astronomy and mythology of Other Cultures, produced by
Eileen M. Starr, Eastern Washington University, about
1985. Under a grant from the National Endowment for the
Humanities, 50 packets were made, one for each state. The
booklet can be reproduced, but not slides.
4. Website by a high school student on mythology of
the aurora. She summarizes many ideas from several
books: http://www.yukon.net/Community/FHCollins/Carrie/
FOLKLORE.HTML
✹
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The Sky’s Not the Limit Any More! —
How to Create Full-Dome Immersive Video
Tony Butterfield & Carolyn Sumners
Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4637 Fax: +1 (713) 639-4635 Email: tonyb@hmns.org; csumners@hmns.org

New full-dome immersive projection technologies can create photo-realistic environments — both virtual and real on the planetarium dome. Fast computers, high speed networks and terabytes of storage make in-house show production feasible and ﬁnancially viable for a planetarium. This presentation demonstrates a range of production techniques from quicktime VR panoramas of
places such as the Parthenon to traditional 3D modeling programs such as LightWave and landscape design software such as Bryce.
The authors will also demonstrate abstract, fractal-based, full-dome imagery suitable for evening entertainment or laser shows.
This presentation will be valuable for any planetarium interested in creating pre-rendered video sequences for individual video
projectors or for full-dome immersive environments. The circular dome masters for full-dome scenes can be shared with any fulldome playback system.
Note: Images, movies, and production techniques described in this paper
were shown in the presentation.

Production Options
A large-format video playback system allows room for a variety of creative strategies designed to yield the full-dome digital masters which can be sliced and then projected onto a
dome.
Once design is completed and a show is outlined, production can begin. Often production decisions are based on
what is needed, what can be done, and how much time and
hardware can be thrown at the project. The Burke Baker
Planetarium staff has produced or is producing ﬁve immersive programs — each different in theme, treatment, and
audience experience. The ﬁve programs, considered as a set,
represent a trend toward more complex productions with
greater audience immersion.
Each program has featured more motion video surrounding the audience and more audience motion through video
scenes. In June 2000, the Planetarium will expand from traditional astronomy programming to more edu-tainment programs.
Table 1. Large-Format Immersive Productions of the Burke
Baker Planetarium
Dec.
July
Jan.
June
Nov.

1998
1999
2000
2000
2000

Cosmic Mysteries
Destination: Moon
Powers of Time
Dharmok’s Gate
Force Five

8 minutes of large format scenes
11 minutes of large format scenes
16 minutes of large format scenes
20 mins of full-dome motion video
22 mins of full-dome motion video

Each program has required more computers for rendering
and more hard disk storage of rendered scenes and stitched
dome masters. The rendering of Voyage to Dharmok’s Gate,
for instance has kept 42 CPUs (14 Mac G4’s at 500MHz and
28 Pentium/Athlon CPUs at 450 MHz) busy for four months
rendering 24 hours a day, 7 days a week. Storage of the com-

ponent and stitched images requires over half a terabyte.
Design of the different alien scenes required over two years
and 8 different digital artists.
The different experiences require different production
techniques and software tools. The following vocabulary
words describe the stages in creating full-dome visuals for a
playback system. These will be used in discussing the different production techniques. Samples from the shows listed in
Table 1 will be used to illustrate:
1. Rendering: using computer models and scenes to create an
animated movie. The computer must render ﬁve different
camera views (front, back, left, right, and up) for a nondistorted dome scene.
2. Stitching: a software process that combines the ﬁve scenes
into a circular dome master which will project without distortion on the dome. In the stitching process, the user has
some control of the tilt of the scene.
3. Dome Master: a circular frame which can be shared with
other dome theaters
4. Slicing: a software procedure for dividing the dome master
into segments which will be shown by the different projectors in the theater. This is a theater-speciﬁc operation
which depends on the number and location of the projectors in the dome.
Entry Level 2-D Production Technique 1:
Slicing of a large still image
A large image, such as a big Earth or a chord of the Earth,
can be imported directly into an immersive theater presentation. It can be sliced and placed directly onto the dome as
a still frame — much like showing a still frame from a laser
disk.
Entry Level 2-D Production Technique 2:
Creation and Manipulation of Still Images
Real production begins with a software program such as
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Photoshop. With Photoshop you can change the size and
scale of images, adjust color, combine different images and
improve the over-all look of still images projected on the
dome with slide projectors, computers, or video. Photoshop
manipulation is needed throughout the different processes
described below. A large Photoshop image can be sliced and
projected over a signiﬁcant portion of the dome.
Entry Level 2-D Production Technique 3:
Shooting and Displaying Moving Pans
For a video panorama that turns around the audience, but
has no actual motion within the scene, a technique called
QuickTime Virtual Reality or QTVR works very well. A still
camera with a very wide-angle lens photographs the scene
from a central point. The camera is mounted on a jig which
allows the camera to rotate through a ﬁxed angle while keeping the lens center ﬁxed and level. QTVR software stitches
the images together to produce a long thin digital ﬁle. Resolution depends on camera resolution or the resolution of
the slide scanner. The digital image is wrapped on a cylinder
within a three-D animation program (such as LightWave.) A
movie can then be created which animates the turning of the
panorama. Care must be taken to keep the animation slow.
An acceptable rotation on a monitor will make the theater
audience miserable. The Burke Baker Planetarium has used
this technique for a lunar panorama from astronaut photography in Apollo 17, the Parthenon at sunset, and the skyline
of Istanbul.
Intermediate 2-D Production Technique 4: Video Morphing
A software package called Elastic Reality allows you to distort and change source images in a process often called
“morphing”. The resulting morph can be very effective. The
Planetarium used this technique to create a movie of plate
tectonic motion spanning a billion years (750M years in the
past to 250M years in the future).
Advanced 2-D Production Technique 5: Alien Landscapes
Although the rendering is time-consuming, a fractal-painter
program produces very dramatic alien environments. The
resulting scene will be detailed down to the pixel — limited
only by the RAM you can assign to the rendering computer.
These painter programs offer numerous easily accessible
tools for creating and mapping textures as well as multi-colored atmospheric effects.
Advanced 2-D Production Technique 6:
Motion Of and Around Flat Scenes
With a program called AfterEffects, slides and video can be
placed, moved, and zoomed on the planetarium dome. This is
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a very effective technique for displaying archival material or
scenes for which there is no time and/or funds for animation
or rendering. Adobe AfterEffects is also used in post production of dome masters to add effects such as ﬂares which often
do not survive the stitching process.
Intermediate 3-D Production Technique 7:
3-D Fly-Throughs
Flying through a virtual scene can be very exciting in the
Planetarium. Little if any motion within the scene is needed.
A fractal painter program called Bryce provides excellent
tools for designing scenes and planning animations through
the alien worlds. Rendering is time-consuming, but the ﬁnal
product is beautiful. Scenes rendered with 5 different virtual cameras can be stitched to create the dome master for
projection. Bryce can also be used to create objects that can
be imported into more rigorous 3-D software such as LightWave.
Advanced 3-D Production Technique 8: 3-D Animation
A variety of software packages are available for this process:
LightWave, Maya, and Three-D Studio Max are among the
most popular. Although there are advantages to each package, the learning curve is signiﬁcant and choosing the package that your animator knows best is often the logical choice.
LightWave is the animation package used at the Burke Baker
Planetarium.
In making an animation, models and scenes must ﬁrst be
created. Models and terrains are developed with the proposed planetarium experience in mind — and perhaps storyboarded. Time and testing in the design process will pay
off in the ﬁnal production. When rendering can take days
or weeks, it is important to minimize the need for rerendering. Once motion of models and audience motion within the
environment are decided, rendering can begin. Test rendering of single frames or whole scenes at a lower resolution is
recommended if time permits.
Summary
With these techniques, patience, and a render farm, a planetarium can produce its own full-dome video sequences. All
of these techniques have a role in production for the new
Planetarium immersive playback video system.
More important than any production technique are the
efforts now under way to standardize the ﬁnished frames so
they can be shared. Standardizing the dome master is critical because rendering costs need to be shared. This sharing
can range from trades between planetariums to sales of animations to collaborations where different planetariums contribute to the ﬁnal experience.
✹

Show Production

Turning Planetarium Shows into Live Theatre
Alan Dyer
Calgary Science Centre, 701 – 11 Street SW, Calgary, Alberta T2P 2C4, Canada
Phone: +1 (403) 221-3731 Fax: +1 (403) 237-0186 Email: alan.dyer@home.com

In 1996 the Calgary Science Centre undertook what may be the most extensive renovation ever of an existing planetarium theatre.
We turned a traditional Zeiss-worshipping concentric theatre into a tilt-dome space designed primarily to handle live theatrical
productions. We wanted to get away from canned IMAX-wanna-be planetarium shows and turn the programs into something totally
new and unique in our market — live science theatre, supplemented by state-of-the-art multimedia projections. However, rebuilding
the physical space is merely the ﬁrst step to converting a program style. We’ve had to relearn how to produce planetarium shows, a
process that continues to evolve. I’ll pass along our experiences and advice in this brief presentation.
In 1996 the Calgary Science Centre conducted a major renovation of the existing 30-year-old Centennial Planetarium,
converting a traditional ﬂat-ﬂoor Zeiss theatre with concentric seating into a tilt-dome theatre with Digistar, 8/70mm
movies, 2PI all-dome slides, and a stage. We call our new theatre the Discovery Dome.
While dome-ﬁlling movies and other “canned” shows make
up a sizable portion of the new theatre’s schedule, the style of
show at the core of our public programming, and that largely
dictated the Discovery Dome’s design, revolves around live
actors.
Of all the program styles available to us we feel that science shows with live performers having fun with the audience provides the most satisfying audience experience. The
performers then use the multimedia technology to magically
transport us to wonderful locations.
Live theatre in the Dome is a unique form of entertainment, competing well in today’s market of IMAX ﬁlms, megaentertainment complexes, virtual reality, and the Internet.
This is especially true in our facility where programming
is increasingly focused toward an audience demographic
that our marketing staff have nicely labeled “moms in minivans.” At the Calgary Science Centre, our exhibits and shows
are aimed largely at families with kids ages 6 through 12.
For this audience, live science theatre works great. It’s fun,
involving, and different than any other “edu-tainment” experience they are likely to encounter in today’s media-rich culture.
Live theatre techniques have been around for thousands
of years, yet are just as effective today as they were in the
Greek amphitheatres. They will be just as entertaining and
effective long after our high-tech toys such as all-dome video
and interactive computers are obsolete junk. The technological toys are wonderful, but by themselves won’t make for a
great show.
As such, here in point form, are some tips we can pass
along from our four-year experience with staging live science shows in the Dome in concert with the new technologies.

Creating a Unique Stage
• Use the technologies to place characters into 360° “stage
sets.” The entire dome and screen, and not just the performance platform, is your setting and the audience lives in
that scene with the performers.
• Any live theatre directors you hire will soon learn that
same fact — the whole theatre is the stage. They love it.
There is no fourth wall between performer and audience.
• Create cool characters and wild costumes. Live theatre is
not simply having a staid planetarium lecturer narrate a
show in person.
• Even if you create a character, don’t have that person just
narrate a show — what’s the point to that? The performer
has to be there to do things no taped character could.
• Hire performers good at ad libs and who can joke with the
audience and individuals. It makes for great fun. People

Figure 1. Create performance positions in the audience where the
action can take place or be directed from. Here our ACME Detective,
Wanda Ketchum, begins the hunt for Carmen Sandiego.
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know it’s live.
• Most important — create action and get your action into
the audience. Don’t keep actors conﬁned to the formal
stage area. Have them wander and work the crowd. (A good
wireless mic is essential.)
• Put characters behind the dome screen. When lit right,
their appearance through the screen is very effective, placing them within an all-sky panorama.
• Put characters not only live onto stage — but also live
onto video with remote, off-stage cameras. The performer
can appear on screen and still be obviously live and interacting with the real audience. (We have an off-stage “green
room” equipped with audio and video lines to feed images
and sound in and out, so the performer can see and hear
what’s going on in the theatre as well as be seen and heard
by the audience).
• Other characters can appear on tape and still be addressed
by the performer, as if the person were appearing live. We
used this technique to put costumed historical characters
such as Cleopatra on screen in our Marvelous Millennium
show. With careful storyboarding, those video characters
can appear to interact with and control the visuals and
action. It also adds more characters into a show without
having to hire more actors for each live performance.

Designing the Theatre
• If you are designing a new theatre, create performance
spots with access routes throughout the theatre where the
performer can be lit without washing out projections.
• Use black lights to illuminate dayglow props and costumes.
Black light works great in dark star projector (in our case,
Digistar) scenes. The audience can see the performer without bright lights destroying the illusion of the dark night
sky or 3D effect of Digistar graphics.

Figure 3. Create characters to host the show and dress them in colourful costumes that glow under blacklight. This is one of the incarnations
of our Dr. Fantastic, in this case pedalling his time machine back to
the future.
• Very low-level edge lighting on steps, ﬂoors, and seats is
also useful to help performers make their way around the
theatre in dark scenes.
• Invest in good theatrical lighting and try to create as many
and as varied lighting locations as you can — lighting a
planetarium theatre (remember, it’s your entire stage) is
a real challenge. Computer-controllable lighting ﬁxtures
that can aim at various spots are great for our application.
Relearning the Craft

Figure 2. On-stage performers can be augmented by on-screen characters appearing on tape but acting as if they were live and talking to
the host and audience. In our Marvelous Millennium Show, we visited
a Cave Woman, Cleopatra, and a Mayan king in a time-travel adventure.
• Neverthelss, don’t underestimate the work and expense
required to put characters onto video. Doing it well
demands the same skills in makeup, costumes, and stage
direction as does putting characters on stage. A studio
shoot for 5 minutes of ﬁnal video can easily take an entire
day (or two!) of studio time.
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• You cannot stage live theatre shows by yourself. Find an
innovative, energetic live theatre troupe in your community willing to tackle new media and theatre styles, a group
with lots of improv experience.
• Putting live theatre elements into a show changes everything you know about producing shows. It looks simple
but it’s not. You need storytellers, choreographers, lyricists, costumers, and directors, not astronomers — they’re
needed just to check the science.
• Be prepared to step back and let others take over your
show. The live theatre people you hire will rework your
show, your script, or your concept into something theatrical, not documentary. Work with them from the beginning
of show planning to develop the storyline. Conduct workshops early on to create ideas for ways to present the show,
theatrical gags and devices, and techniques for marrying
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the dome’s visual potential with the live theatre possibilities.
Expect to learn a lot about staging a show. Expect to
relearn everything you know about producing planetarium
shows.
Expect to adhere
to rigid production, installation,
and
rehearsal
schedules — a
novelty
in
planetarium show
production where
one person tends
to do it all on their
own schedule.
Effective rehearsals will demand
that you have visuals and soundtracks completed
in time for your
one- to two-week
rehearsal period,
not the day before
the show opens.
Failure to do so
will aggravate your
live theatre direc- Figure 4. Characters can be giant puppet
creatures, as in our production of Indiana
tor!
Have
patience Bones who rescued Sarah the Blue Tricerwith your live the- atops from the clutches of the evil Mysteriatre folks — they ous Stranger. When rehearsing your show in
have to learn a lot costume, be sure to arrange time for shootabout multimedia ing professional publicity stills.
production. They
learn it isn’t as easy to quickly alter some visual or
soundtrack element in the planetarium as it is in a traditional live theatre where stage lights and a few audio cues
are often the only “multimedia.” In terms of the number of
cues, a complex show to them is a simple show to you.
Unlike planetarium producers, actors work strictly controlled hours. You’ll need to learn what the rules are.
We usually have only one live performer per show, but have
at least one other voice, if not video character, on tape.
We rehearse two stage actors who share the presentation
schedule so we can run shows seven days a week.
If you are running your show for several months (typical
for planetarium shows but unusual for most live theatre
plays), expect to hire and rehearse at least one new actor
sometime in that period. Plan for that expense and be sure
your stage director is prepared to do this (i.e. it’s in the
contract).

Incorporating Science Demos
• Don’t forget the science. Use the live performer to con-

•

•

•

•

•

duct science demos. For example, in our Amazing Comet
Show, Dr. Fantastic conducted the dry-ice “Make a Comet”
demo that has become a standard at science centres. In
our Northern Lights show we used a Van de Graaff generator, plasma plates, and ﬂuorescent lamps to demonstrate
how an aurora works.
Unlike the usual demo stages of science centres, the theatre allows you to augment demos with multimedia. Make
use of the opportunity.
You can even project live internet pages in shows. For
example, in our Northern Lights show we projected the
latest SOHO solar images and NOAA aurora predictions.
Your show is live, so make it truly live and up-to-date.
On the other hand, even actors used to improv theatre
may have trouble departing from set scripts to deliver science information unique to today’s show. You’ll need to
spend time teaching them science. Nevertheless, hiring
professional performers whose primary skill is acting, not
science knowledge, is still likely to net you the best performance in most shows. A dull or amateurish performer will
make for a poor, lifeless show.
Live theatre people will turn your traditional lab-coated
demos into theatrical contests and mini-stories. They’ll
invent ways to get audience members on stage competing,
having fun, or performing roles in the demo in some fashion.
Keep in mind that your host isn’t a lecturer or a teacher.
The host is a larger-than-life character. Then get those
characters interacting with the audience.

Figure 5. Your live characters can conduct science demos with funlooking apparatus on stage. Even traditional science centre demos take
on a fresh appearance when presented in the multimedia environment
of the dome.
Involving the Audience
• Ask the audience questions directly. They’ll answer! (We
ﬁnd kids readily answer questions posed even by video
characters. Kids want to participate!)
• Use old-fashioned call-and-response. But if your only interactivity is having the audience yell, “Yah!” through the
show, the action will soon get predictable.
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• Live theatre folks used to storylines and plots will want to
make your show into some form of hero’s quest or mission.
• On any good hero’s journey the hero must give up something to continue the quest. To do this, we often turn to
the audience.
• In some shows, we turn an audience member into an
instant hero. To make an otherwise reluctant adult into a
hero…
– Introduce him or her as a hero right away.
– Invoke peer pressure. (“Let’s all hear it for Hero Ray!”)
– That way he or she can’t back out from participating.
With those techniques, we’ve convinced people to give up
valuable watches to untimely fates as sacrifices to continue
our journey.
• Another popular technique we try to include is the “Embarrass an Adult” segment. We dress up adults in silly costumes to assist in demos. (You don’t want to make too
much fun of kids, so it’s better to use adults.) The audience
loves it, the kids laugh, and you’ll find that most adults
really get into the role.
• If you need a real hero, what do you do? Call for volunteers. You’ll never have a problem getting one from the audience — all the kids’ hands go up! For example, we’ve had
kids power bicycle time machines into the past. We’ve preselected kids before the show and handed them hats and
questions to ask, and we’ve brought kids up on stage and
asked them to give up something to continue our quest.

• Instead of pushing buttons, get audiences to shout, clap,
stomp — it’s fun and adds energy to the show.
• Be sure to physically move the audience. Yes, even the
adults. In Carmen, we got everyone to stand at attention
when the Chief appeared and to stand up straight when we
beamed on board our chase vehicle.
• Introduce actions, even make believe ones (like strapping
on imaginary helmets and seat belts). It involves the audience in the show. They are not passively sitting.
• And finally … leave ‘em singing! End the show with a summary song and liven the song with actions for the audience
to perform. In our Millennium show (where we traveled in
time) we ended the program with a rousing rendition of
“Let’s Do the Time Warp!” complete with actions.

Figure 7. A live character performed by a professional actor can
portray the wonder of the universe far better than can any disembodied voice, or even a videotaped host. The emotions seem real not
recorded.
I hope our summary gives you some ideas for creating a
better show in the planetarium theatre. Combine the latest
technology with age-old live theatre techniques and you’ll
have a product unique to your market and ideally suited to
your prime family audience and corporate mission. It might
even outdraw the IMAX film down the hall at your science
centre.
✹
Figure 6. Get adults and kids on stage to participate in the demos
and story action. Dress them up and make then do silly, embarrassing
things, or turn them into heroes to help the action along.
• For example in Carmen Sandiego, we selected a child from
the audience to come on stage and hand us one of his or
her shoes (gumshoes!) to trade for rocket fuel.
• Dramatic devices like that:
– are more fun
– involve the audience
– make for a better story
– are less predictable
– and less pedantic…
… than seat buttons. So don’t worry if you don’t have audience response seat buttons or joysticks — you don’t need
them to make a show interactive.
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Note: The electronic distribution of these Proceedings includes a copy of the video
shown during the presentation, compressed as a QuickTime movie. Please refer to
the notes included on the CD-ROM for playback or, if viewing this document with
Acrobat® Reader, simply click on the image above. QuickTime 3.0 or better must be
installed on your computer.
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A Sequel to “Where in the Universe is Carmen Sandiego?”™
and Flexible Production Concepts Applied to a New Public
Show Narrated by Star Trek’s® ‘Seven of Nine’, Jeri Ryan
Dr. William Gutsch
President, Great Ideas, 11 The Crossway, Smoke Rise, Kinnelon, NJ 07405, USA
Phone: +1 (973) 492-8165 Fax: +1 (973) 492-1836 Email: 102417.2073@compuserve.com

In early 1998, in conjunction with Broderbund Software,
Inc., The Learning Company and PBS Television, I created an
educational, interactive planetarium show for school groups
and families with children ages 7 to 12, for a consortium
of planetariums in the US and Canada. Entitled, “Where in
the Universe is Carmen Sandiego?”™, the program featured
original 3-D animation of the characters from the Carmen
Sandiego computer games as well as on-camera appearances
and voice overs by the award winning talent from the computer games and the Carmen television series.
The ﬁctional character, Carmen Sandiego, is an international “woman of mystery,” who is also a master thief. In past
exploits in computer games, books and television shows, she
established an awesome but despicable record of achievement, stealing such famous landmarks such as the Eiffel
Tower and the Great Wall of China as well as traveling
through time to acquire objects that ranged from the sword
of Charlemagne to the Magna Carta. In the planetarium
show, it was time for Carmen to move on to even bigger
things in outer space.
Designed to thoroughly engage audiences, “Where in the
Universe is Carmen Sandiego?” was created as live theater
for children — live theater in which the planetarium teacher
and the audience interact with theatrical props, computer
controlled animation, actors, and singers while learning
about the solar system. Cast in the role of “Junior Detectives”, the audience uses the planetarium as a spaceship to
track down and capture Carmen after seeing her abscond
with the beautiful rings of Saturn early in the show. In the
process, the children work in teams to solve puzzles and
clues presented by various characters including Carmen herself and, in so doing, they hone listening, reasoning, and
math skills while learning about the planets, some of their
major satellites, asteroids, and comets.
“Carmen” has now been licensed to over 25 planetariums
in the US, Canada, and Japan (where it is performed completely in Japanese) and has won high praise from teachers,
parents, science center administrators, and children themselves. Indeed, in many institutions, “Carmen” has set
box ofﬁce records beating all competition including IMAX
movies by 100% or more and has been responsible for significant repeat visitorship as well as increased attendance and
income. Furthermore, the performance of the show in Japan

has proved that the program can be a great success even if
children are not familiar with the character before coming
to the planetarium.
Production is now underway on the sequel, “Where in the
Universe is Carmen Sandiego?— II”™. Like its predecessor,
“Carmen II” is being funded through a consortium of planetariums but will be available for sale to all theaters equipped
with at least two laser disc players and one video projector.

Figure 1. Carmen heads for the black hole at the center of the Milky
Way on her new “Warp Drive Speeder Bike”.
“Carmen II” will have as its back drop our entire Milky
Way Galaxy with Carmen focused this time on swiping the
giant black hole at the Galaxy’s core. The subject matter
will include: stars, multiple stars and star clusters, diffuse
and planetary nebulae, novae and supernovae, black holes,
and the general size and structure of the galaxy. Elements
which made “Carmen I” such a success will again be used
to advantage, including on-camera appearances by the television based talent, new original 3-D character and astronomical animation, use of theatrical props, intelligent and
engaging puzzles and clues, original songs and music, and a
high degree of audience interactivity. Character animation
is being created by California based animators whose credits
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Figure 2. In “Carmen II”, clues to where Carmen has gone are found in
some fun places including the V.I.L.E. BURGER, a kind of combination
McDonalds and Mel’s Drive-in in Interstellar Space.
include Broderbund and Lucasﬁlms, while new astronomical
animation is being contributed by some of the most talented
planetarium based animators in the ﬁeld, including Aaron
McEuen, Erik Koelemeyer, Tony Butterﬁeld, Ed Wuillermin,
and Kevin Scott and his team, using sophisticated software
that includes 3D Studio MAX, LightWave 6, and Maya. And,
since all character animation will be modeled in 3-D, alldome video versions of the show can also be created.
It is anticipated that “Where in the Universe is Carmen
Sandiego? — II” will be released in early 2001 and, like
“Carmen I”, will come with a Teachers Guide containing preand post visit activities, full color poster, and more.
In addition, in another consortium based effort, I am writing and producing a show featuring the “Greatest Wonders
of the Universe” narrated by Star Trek’s® ‘Seven of Nine’, Jeri
Ryan. This program will also feature new 3-D astronomical
animation and a sound track by Hollywood’s Mark Mercury.
In an effort to create a product that we hope will have the
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broadest possible appeal and adaptability, we have decided
to experiment with creating several versions of the program. Speciﬁcally, both Digistar and non-Digistar versions
are being produced so that those with a Digistar can have a
show that was purposely conceived to utilize the advantages
of that system, while those with mechanical-optical star projectors will have a version with a few alternate but equally
dramatic scenes.
In addition, Ms. Ryan recorded alternate narrations in
which measurements are expressed in either English or
metric units and temperatures are given in either Fahrenheit
or Celsius degrees. These same variations were also carried
over to copy that will be used in the creation of 10 and 30
second radio and TV spots that advertise the show and allow
for local “tag lines” to mention speciﬁc institutions.
Lastly, the show is also designed to be available as a single
program in which audiences ﬁrst visit the solar system and
then travel beyond, or two shorter shows in which the second
serves as an advertised sequel to the ﬁrst. The latter format
is designed to accommodate planetariums that either prefer
shorter programs or wish to add extensive star ID and/or
constellation/mythology sections — a custom popular in
some North American planetariums as well as elsewhere
around the world.
“The Greatest Wonders of the Universe” should also be
available in early 2001.
✹
Credits
Where in the Universe is Carmen Sandiego? and Where in the Universe
is Carmen Sandiego? — II were created, written and produced by Dr. William
Gutsch under license from The Learning Company.
Carmen Sandiego™, Where in the Universe is Carmen Sandiego™,
Where in the Universe is Carmen Sandiego?— II™, and Where in Space is
Carmen Sandiego? ® and all related characters and names are trademarks of The
Learning Company. Used with permission.
Where in the Universe is Carmen Sandiego? ™ and Where in the Universe is Carmen Sandiego — II ™ are based on the software program Where
in Space is Carmen Sandiego? ® created by Broderbund Software, Inc.
® 2000 Paramount Pictures. All Rights Reserved. Paramount’s Star Trek is a
Registered Trademark of Paramount Pictures.
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Everyone’s a Critic: Editing Purchased Shows
Karen Klamczynski
Director, The Barlow Planetarium, 1478 Midway Road, Menasha, WI 54952, USA
Phone: +1 (920) 832-2852 Fax: +1 (920) 832-2674 Email: kklamczy@uwc.edu

Many planetariums produce show kits that are purchased by dozens of other planetariums worldwide. If the original authors and
programmers could see their shows installed in these other planetariums, they might be surprised. Since planetarium shows come
in a kit, much like a model airplane, each institution assembles and installs their copy of the show. Changes are made to planetarium
shows for many reasons. The technology in each planetarium is different (everyone doesn’t have dissolving 25%-overlap panoramas, for example). Other reasons include community needs, changes in scientiﬁc thought, and mistakes in the original script.
This paper discusses editing purchased shows without violating the license agreement. This paper also proposes reasonable agreements that will keep the original creators happy and give the purchasers freedom to adapt the show for the best presentation possible in their planetariums.
A planetarium show is like a T-shirt: regardless of what the
label says, one size doesn’t ﬁt all. Those “one size ﬁts all”
T-shirts might look great on some people, but on others
they can be too tight, long or baggy. On the other hand,
with some alteration, they might turn into something almost
anyone can wear.
The Random House Dictionary of the English Language (Second
Edition Unabridged) has a host of deﬁnitions for the word
“edit.” I think many people assume editing a planetarium
show means rewriting part of the script, but that is not the
topic of this paper. The topic of this paper is more general,
and in this paper I discuss altering purchased planetarium
shows. According to my dictionary: to alter is “to change;
become different or modiﬁed.”
Several planetariums create large-budget productions and
distribute these productions in the form of show kits. Many
of these productions feature famous narrators, exciting
soundtracks, high-quality imagery and timely topics, and
many planetarians acquire show kits for presentation in their
own facilities. The facilities that purchase show kits range
from sparsely equipped planetariums to planetariums with
all the latest bells and whistles.
License agreements regulate the use of show kit materials
in each planetarium. Each planetarium with a show kit for
sale seems to have a different license agreement, drafted by
the planetarium or its host institution (or lawyers!) that created the production. These license agreements are as different as the planetariums that purchase the shows.
This paper discusses several reasons planetariums alter purchased shows and proposes standards for license agreements
that maintain the integrity of the original production, the
rights (and reputation) of the original producers and freedom
for the purchasers to install the most effective show in their
planetariums. Consistent with many existing license agreements, in this paper the original producers of a planetarium
show are referred to as the “licensors,” and the planetariums
that purchase the show are referred to as the “purchasers.” This
paper only directly addresses traditional planetarium shows
(not traveling exhibits or artistic programs). Furthermore, a

“purchased” planetarium show is a production obtained as a
kit, to be installed in the purchaser’s planetarium for the purpose of public exhibition and education.
Why are purchased shows altered?
A show kit is analogous to a model airplane: both come in a
box with some instructions and a lot of pieces. With model
airplanes, the instructions are usually not followed completely, and some pieces are always left over. Model makers
often also use their own supplies and experience when crafting a model into a unique creation. The same can be said for
planetarians and planetarium show kits.
Show kits contain a subset of the media used in the original production, and most kits even contain instructions such
as “use your own ___ effect here.” Planetarians often decide
to purchase a show kit after perusing a script (or excerpt of
a script) or hearing an excerpt from the soundtrack.
Technology today allows planetarians to alter show materials
in-house. Digital technology in particular makes it possible,
even easy, to make changes to a show kit’s original materials,
from neatly removing a section of the narration to electronically altering panoramas to ﬁt the purchaser’s dome. Technology, however, is not the reason planetarians alter shows.
The planetarium community is comprised of scientists and
educators who strive to present the most accurate and informative presentations to their audiences. Everyone is a critic
in the planetarium community. The foundation of the respect
for the planetarium community is based on the educational
content of productions. Thus, when a purchased planetarium
show arrives in the mail, the contents of the show kit are
examined with a critical eye. When the scrutiny is complete,
the planetarian might feel that some changes are necessary
during the installation of the show for various reasons.
1. The script (or an image) contains an error
Sometimes a mistake makes it into the ﬁnal version of a show.
The mistake could be a science error, improper grammar, or
language that implies something erroneous.
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2. New scientific information is available
Astronomy is a ﬁeld where profound discoveries may be made
at any time. Some hypotheses seem to change more often
than the weather; so creating, packaging and distributing
show kits on timely topics is difﬁcult. Changes in scientiﬁc
thought, a new discovery, new images are a few examples of
new information that might be added to a show kit to make
it up-to-date.

Additional recommendations for license agreements:

Materials may be used
for promotional use.

Newspaper ads, ﬂyers and web sites,
to name a few print examples, are
much more appealing with imagery.
More people see the show and are
exposed to the name of the original
producer as well.

3. Variations in planetarium equipment/technology
Planetarium shows are composed of scenes. A wide variety
of equipment and technology is available to planetariums,
from familiar L-C-R dissolves and slide panoramas to sophisticated video systems. But even the familiar slide systems
work differently from dome to dome. Tilted domes, for example, don’t get the same panoramic effect as ﬂat domes, so a
panorama scene that works brilliantly in a ﬂat dome might
need to be reworked in a tilted dome.
In some cases, a purchaser may want to replace a slide
illustration with a more effective animated effect.

Materials may be
duplicated for archival
purposes.

This keeps the production looking
good for years. As slides need to be
replaced, for example, an archive copy
is available. This beneﬁts the reputations of both the licensor and the local
planetarium that presents the show.

Permission is given to
adapt and/or reproduce
materials to meet purchaser’s needs for installation and presentation
in purchaser’s facility.

This is a key statement that allows
purchasers to install the best production possible in their facilities, to
the beneﬁt of all parties (licensor,
purchaser and audience).

4. Community expectations, needs and style
Personal style and aesthetics may be controversial reasons
for altering a planetarium show, though they certainly are
evident after the show kit is installed — especially if the purchaser never saw the original production.
Purchasers are familiar with the expectations and needs
of their community as well as their institutions. Few productions come with all-dome video segments, for example,
but an institution that purchased such a system would likely
expect it to be used. Many planetariums with interactive and
3-D projection capabilities sometimes ﬁnd that their audiences expect to experience these things in shows.
Some show kits are distributed to planetariums in many
different communities throughout the world, and even within
a single planetarium a show might be adapted for presentation to different audiences (e.g. general public and K-12
school groups). Analogies, examples and stories that worked
well in the original producer’s planetarium may not be
appropriate everywhere.

The purchaser is responsible for obtaining permission to include any
additional materials.

This statement protects the licensor
from improper use of (additional)
copyrighted materials used by the
purchaser.

Re-recording narration
or introduction of new
musical scores requires
written permission
from the licensor.

At this stage, the editing of a
purchased show has moved beyond
adaptation and more resembles an
overhaul. Sometimes this is appropriate, but permission should be
obtained ﬁrst.

Use of show materials
in other in-house productions requires written permission from
the licensor.

This is appropriate with regard to
original materials produced for the
show kit. This limitation may not
make as much sense for materials
included in the production that are
expressly non-copyrighted for educational use (e.g. NASA images).

Suggestions for standard license agreements
The best license agreements allow ﬂexibility to the purchaser
while maintaining the integrity of the production. Some
fairly standard statements in license agreements include:
• The license is in effect until terminated by licensor;
• Redistribution of show materials is prohibited without
written permission;
• The show will not be presented under another title without written permission;
• All third-party rights for included copyrighted materials
are reserved;
• Appropriate credit must be given to the writers and original producers (and possibly additional parties as well).
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Statement

Comments

Summary
Do I really think every planetarian is a critic? Yes, I do.
In fact, if you purchase shows from other planetariums and
you’re like me, you scrutinize scripts and materials before
and during installation. After all, in the Barlow Planetarium,
I am ultimately responsible for the content of planetarium
shows, and it’s a matter of professional responsibility as well
as personal pride to offer our audiences educational shows
with high production standards and general appeal.
Many excellent show kits are available to planetariums,
and many more are sure to become available in the future.
Hopefully, these kits will come with license agreements that
acknowledge the possibility that the purchaser will need
to make adaptations and give the purchaser the ability to
install the most effective show in their planetarium.
Planetarians share a lot of similarities, but we also have a
lot of differences, as do our domes.
“One size ﬁts all” — one of these days I’m going to buy
myself a sewing machine.
✹
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Live and Enhanced:
Improving Live Shows with the Internet and Immersive Video
Laurel Ladwig & Carolyn Sumners
Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4737 Fax: +1 (713) 639-4635 Email: lladwig@hmns.org; csumners@hmns.org

Live shows given by a planetarium astronomer can be enhanced with modern technology without losing the value of having a live
presenter. Although it has a full-dome video projection system, the Burke Baker Planetarium is still committed to live programs
for school groups and stargazing shows. This presentation focuses on the appeal of live performances, from star shows to Carmen
Sandiego, and a variety of methods for enhancing these presentations. Special software will be demonstrated that allows a live
operator to access the latest images off the Internet without the delays associated with being on the net, or the distraction of
having controls visible to the audience. A sample CD that can be updated to show today’s image of the sun in different wavelengths
will be provided for all participants. This presentation also describes the extensive programming of button boxes to make pre-taped
large format video segments available in live presentations.
Challenge 1: Making visual experiences accessible to the live
presenter without reprogramming the theater
The Burke Baker Planetarium uses two different methods to
extend the potential of its live programming. For school and
star gazing shows, a button box has been created to allow access
to full-dome video sequences within live shows. The planetarium uses a box with 16 buttons and an additional button box
for laser shows. The education video button box is as follows:
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
Each button plays at least one video segment:
Button 1: Earth orbiting the Sun
Button 2: Moon phases
Button 3: Rotating Earth
Button 4: Moving Earth chord fades to Space Station over Earth
Button 5: Displays whatever is playing on the computer
Button 6: Rotating Sun and Sun surface full-dome
Button 7: Rotating Mercury, followed by rotating Venus
Button 8: Rotating Mars, followed by full-dome video of
Pathﬁnder on Mars
Button 9: Full-dome asteroid sequence
Button 10: Rotating Jupiter, followed by two large-format
Jupiter video pieces
Button 11: Rotating Saturn, followed by video trip into Saturn’s rings
Button 12: Rotating Uranus, followed by rotating Neptune
Button 13: Rotating Pluto, followed by full-dome sunrise on Pluto
Button 14: Full-dome comets
Button 15: Full-dome ﬂy through Orion and Eagle Nebulas
Button 16: Fade out of any playing video
This video button box is used along with a Digistar button
box and manual control for panoramas, special effects, and
all-sky scenes. The Digistar button box has four levels of 16
buttons each and provides the following functions:
1. Star ﬁeld motions: diurnal, azimuth, and longitude

2. Constellations: outlines for the full sky, Ursa Major and Ursa
Minor, Cassiopeia, plus a set of 10 seasonal star patterns.
Each button has two levels: outline and artist’s rendition.
3. Ecliptic: line, Zodiac constellation outlines, constellation
artwork
4. Orrery: planets moving on still orbits, ﬂy around orbits
5. Moon, Sun and visible planets in proper locations
6. Special Images: like a Comet and the Milky Way
7. Moving Sequences: dome opening to star ﬁeld, rising space
station, fall through a black hole, ﬂy out of galaxy, proper
motion, fractals, etc.
With both button boxes, live shows can be offered on a variety of topics and at a variety of age ranges without reprogramming of the theater.

Challenge 2: Making the most current images available to the
live presenter with no reprogramming or producing slides.
To solve the challenge of showing the most current images,
the Burke Baker Planetarium collaborated with Rice University using a NASA Grant to develop a software package called
Space Update.
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For the planetarium, we have developed a version that
shows a navigation screen on one monitor and a high resolution version of the featured image on the other. Space
Update images can be upgraded by a remote computer over
the Internet so that each day the planetarium teacher has
the latest images to show during live programs.

marily from the Hubble Space Telescope. Images are organized by type: Stars and Nebulae, Clusters, Galaxies, and
All Sky images. From the splash screen, the operator can
also access the newest images and small quick-time movies
directly.
The two-screen software is in three different programs:
Solar System, featuring the latest images of the planets and
asteroids;
Astronomy, featuring the latest deep space images from the
Hubble Space Telescope primarily;
Space Weather, featuring daily images of the Sun in different
colors.
The Solar System organizes images by planet. The image in
the large window is displayed by itself on a separate monitor
which can be projected onto the dome. The software has all
of the most popular images grouped together and the new
images for each planet in a separate area. The screen above
shows the standard Solar System Update ﬁrst image for Mars
and below is a current events image for Io. Text describing
each object and each image can prove very useful in a live
presentation.
The Astronomy software displays deep space images pri-
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In the Astronomy software, the large image is displayed on
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and other solar activity. This software is especially valuable
with the arrival of solar max this year. The solar images are
also available in a variety of wavelengths. These screens show
the sun in hydrogen alpha, ultraviolet, and x-ray wavelengths.
a second screen which can then be projected on the planetarium dome. The operator can request a caption for the image,
which appears on top of the image on the control screen.
Notice in these images that the Stars and Nebulae photographs are also grouped by age: birth, life, death, and new.
In the Space Weather software, you can display today’s
image of the Sun taken directly from the Internet. This can
lead to a very up-to-date discussion of ﬂares, prominences,

Summary
A live presenter brings real value to a planetarium presentation. Button boxes and Internet-updated image bases give
these live programs access to the latest images and most
sophisticated immersive video segments without compromising the spontaneity and adaptability of the live presentation.
✹

Scriptwriting Techniques for the Planetarium (Workshop)
Richard D. Lavoie
Albédo Films, 4354 St-Hubert, Montréal, Québec H2J 2W8, Canada
Phone: +1 (514) 527-5984 Fax: +1 (514) 527-5984 Email: rlavoie@total.net

When writing a script for a planetarium show, one becomes a storyteller, just like a playwright or a movie scriptwriter. What storytelling techniques and skills can we learn from these other ﬁelds? How can we adapt these techniques and skills to the speciﬁc environment and tools of the planetarium? Just like a movie scriptwriter has to “see” the story on the screen while writing, we have to create
stories keeping in mind how they will look and sound in the planetarium theater. This workshop will address some of the fundamental
issues of effective scriptwriting for the planetarium, from the synopsis to the ﬁnal storyboard. It will show how to structure a script,
how to establish a sound narrative framework, and will discuss some of the characteristics of the planetarium as a medium. It will
also underline some of the difﬁculties facing the scriptwriter, and suggest some helpful creativity techniques.
1. Introduction
As a documentary movie scriptwriter, director and producer,
I always thought that a good movie begins with a good script.
Effective scriptwriting should also be the ﬁrst step toward a
successful planetarium show. Yet, very few people involved in
the production of such shows have been formally trained as
scriptwriters. While some have natural skills in storytelling,
it is possible for others to develop some helpful techniques
that will help them write better shows.
My experience both in ﬁlm and video production and in
planetarium shows allowed me to think about the similarities and differences of these two ﬁelds, and how my work

for the planetarium could beneﬁt from my experience in the
documentary movie business. While scriptwriting for the
movies is as natural for me as riding a bicycle, I had to analyse what I was doing in order to understand what was a good
script, and to be able to communicate it to the planetarium
astronomers with whom I was working.
This presentation is aimed at sharing these thoughts with
you. First, I will stress some of the speciﬁcs of the planetarium as a medium, especially when we compare it to ﬁlm
and video. Secondly, I will address the narrative structure
involved in writing a planetarium show, as well as in any kind
of storytelling. I will then give some hints on effective script-
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writing. Finally, I will highlight some frequent mistakes we
all make when writing a script, as well as some ways to avoid
them.
2. The Planetarium as a Medium
People writing for the movie and television business are used
to imagining one single focal point for the audience: the
screen. The action unfolds in the succession of images or
narrative units in this framed and controlled area. Meaning
is created by the relationship of images, sound, music, narration and other voices. We can call it the grammar of the
screen. The basic material is always sound and images, even
before the ﬁlm is shot. When we write a scenario, we always
have in mind how it will look and sound. Thus, a script
should be the written description of what will happen on the
screen and on the soundtrack.
Even then, the grammar we use for television is different
from the one we use for the big screen. And I think that
the grammar for Imax and Omnimax is still in the process
of being reﬁned. For example, a simple succession of long
shot (establishing shot) — close-up (diving into the action)
— long shot (leaving the action) works well in the movies.
Due to the lower resolution available on TV, this succession
would work better as: medium shot — extreme close-up —
medium shot. But on an Imax or Omnimax screen, such a
sequence doesn’t work at all: the screen is so wide that we
lose our visual references from one shot to another.
The planetarium is totally different as a medium. There is
no single screen. In fact, the narrative space explodes, surrounds the audience and becomes omnidirectional, especially in traditional 360° theatres. Accordingly, the grammar
is different. Meaning emerges not only in the succession of
narrative units in the timeline, but also in their relationship
in space. The planetarium creates environments.
Many powerful tools are available in a planetarium. In fact,
the planetarium is true multimedia, as we understood it in
my training years, almost thirty years ago. It is an exciting
medium to write for, especially for someone who has been
limited to a single screen. You can use the whole environment to convey your story to the audience. So, when I began
to work on my ﬁrst planetarium show, I was thinking “what
a challenge to work for the planetarium, having to keep in
mind how the show will look and sound in a hemispheric
theatre with all these possibilities”. Imagine my surprise: I
was handed a few of what I thought were interesting articles,
and told “these are examples of good planetarium scripts”.
I realised that the standard process of writing a script for
the planetarium was: a) write an article on your subject; b)
assume it will be the narration of the show; c) try to ﬁgure
out how to illustrate it. In my view, this is not a very effective way to write a scenario. Why? Because it does not take
into account, from the beginning, all the narrative tools the
planetarium offers, all the storytelling power of the medium.
I am not implying that everybody works in the same manner,
but I had the opportunity to visit a few planetariums both in
North America and in Europe, and I think that we still have
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to reﬁne our scriptwriting skills for the planetarium.
3. Telling the Story
Planetarium shows, movies, novels, all come down to storytelling. Even scientiﬁc articles are stories, very codiﬁed ones,
but stories too. And everybody knows that there are good
and bad storytellers. For example, some people who lived
exciting lives are sometimes very boring when writing their
own biography, while others can deliver a vibrant and passionate account of their trip to the corner store. So, storytelling skills are of foremost importance. If they don’t come
naturally, we have to develop them, and this presentation is
aimed at giving a few helpful reminders.
3.1 The Dramatic Curve
A story usually unfolds according to a dramatic curve (ﬁgure
1, below). In fact, ancient cultures based on oral tradition
used this structure in their myths and legends. This dramatic
curve was ﬁrst formalised in ancient Greece. The ancient
Greek dramas were shaped on this general structure, and we
can still witness its power in today’s blockbusters.

TYPICAL DRAMATIC CURVE
Intensity
Climax

RISING ACTION

FALLING ACTION
Resolution

Complication, conflict
(Inciting moment)
Exposition
Opening

Time

Figure 1. A typical dramatic curve.

According to this dramatic curve, the story or the action
will rise in intensity, reach a climax and then fall to its
ending. This process doesn’t have to be linear. For example,
in the movie D.O.A. (Dead on arrival), the end is disclosed
right at the beginning: we all know the hero will die. However, the story follows the typical dramatic curve, growing
in complexity to a climax where we discover the perpetrator
and his motives.
Moreover, all dramatic units will adopt the same general
structure, be it individual scenes or sequences, or the story
as a whole. The following example is taken from the show
Tomorrow, the Moon. It tells the story of Wan Poo, a mandarin who tried to use skyrockets as a mode of propulsion. This
individual sequence follows perfectly (and in a quite literal
way…) the typical dramatic curve.
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Opening:

The rocket is no recent invention.
(Fireworks explosions. Traditional Chinese music) The Chinese developed
the art of pyrotechnics more than
2000 years ago. They used rockets to
create the ﬁrst ﬁreworks. (More fireworks)

Rising action: The mandarin Wan Poo recognised
that rockets had potential as a means
of transportation. (Fireworks) He
hoped to use the device to travel to
the Moon. He built a special armchair, and attached a slew of ﬁreworks
rockets. Wan Poo would become the
ﬁrst astronaut in History. (Sound of
rockets) But his technique wasn’t quite
foolproof.
Climax:

(Loud fireworks explosion)

Falling action: And poor Wan Poo was never seen
again. (Music finale)
(Excerpt from: Tomorrow, the Moon.
© 1999, Planétarium de Montréal)
3.2 Elements of a Typical Narrative Structure
The dramatic curve is at the heart of a good narrative structure. We can break down this structure into even smaller
components, in order to help us build our story. The order
of these elements may be rearranged, but a typical narrative
structure will adopt the following order of events.
Opening. The opening consists of the presentation of the
central idea, in a very visual, emotional way. The aim here
is to cause surprise, interest or curiosity. It is a crucial element, as it will determine to what extent the audience will
buy in into the story. We sometimes refer to the opening as
the “hook.”
Exposition. Generally following the opening, the exposition presents the initial situation or state of knowledge, as
well as the angle of treatment and the basic conﬂicts (or
questions). The notion of conﬂict (or tension) is very important here. A story can only take place if there is an initial
conﬂict or tension. This will trigger the action, the quest
for knowledge, the endeavour. Thus, the exposition will end
with an inciting moment, introducing the next phase of the
story.
Complication. In what we can call the complication phase,
the basic conﬂicts or questions are played out as variations,
involving surprise, suspense, and escalating intensity. Here,
emphasis is put on confrontation, obstacles, and unanswered
questions.
Climax. The climax is the ﬁnal confrontation that will lead
to irreversible change. All the conﬂicts, all the tensions that
have been developed in the previous phases must come to an
end. This ﬁnal confrontation is a high point of intensity, with
an unexpected twist in the story or, on the contrary, a very

emotional account of an otherwise predictable outcome.
Resolution. The resolution exposes the consequence of the
ﬁnal confrontation, the resulting situation, the answers to
questions. The resolution will suggest what interpretation to
give to the story as a whole.
Conclusion. Ideally, the conclusion refers to the opening.
This is where we loop the loop, explaining the opening, or
referring to the initial situation.
4. Effective Scriptwriting: Tips to Remember, Mistakes to
Avoid…
Developing a narrative structure is only one step in writing a
script. Scriptwriting is a very complex process, during which
we have to juggle with very diverse elements: the audience,
the story itself, the scientiﬁc content, the look and feel of the
show, etc. To help you stay on track in the scriptwriting process, here are a few tips to remember, and a few mistakes to
avoid.
Tip #1: A story is always told to someone…
The ﬁrst thing we have to keep in mind when writing is
the audience. I usually try to imagine what the global experience will be for a member of the audience. In fact, I try to tell
the story to an archetypal spectator. For example, if I have
to write a show intended for an elementary school audience,
I imagine a child I know, and try to tell him or her the best
story I can. What are his or her references, his or her tastes?
Remember that the best way to introduce someone to something new is to start from what one already knows. So, I try to
tap into popular culture, as a source of references and metaphors.
Tip #2: Finding and keeping the lead: the narrative line
Your story will organise itself around a focus, a theme,
that we call the narrative line. In fact, it is the basic conﬂict
or the main question that will justify the unfolding of the
action. It can be a simple question such as: “Are we alone in
the Universe?” or a theme such as the imagination and creativity necessary to beat the odds and conquer the Moon.
Always come back to it. Each scene, each step of the story
must refer to the narrative line, must contribute to it.
Tip #3: Testing the general structure: the synopsis
A good way to test the structure of your story is to write a
synopsis. The synopsis summarises what will happen in the
show, in two to three pages. It sets the narrative line, and
identiﬁes all the major scenes. As such, it should reﬂect the
dramatic curve. Have it read by colleagues, test it with members of your intended audience.
Tip #4: Storyboard your script
Once you have tested and improved your synopsis, the
next step is scriptwriting per se, which is breaking down
your structure and developing the scenes. Remember that
there are many different ways to say things. You can use
visual elements, music, sound effects, and narration. In order
to avoid the mere illustration of a narration, and because the
multimedia environment of the planetarium is much more
complex than movie or video, I storyboard at the same time
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a recipe. You also risk being trapped by all these narrative
effects, at the expense of your narrative line.

TOMORROW, THE MOON
Duration: 35:00
Text: Richard D. Lavoie
Scientific Advisor: Pierre Chastenay
April 14, 1999

Visual
T.C.
2:00 F/I Equatorial sky
F/I South: Full Moon, high,
with clouds
2:30 F/I Pan, African savana
F/I North: Australopithecus
watching the Moon

Sound & Music
Wind in vegetation

Narration & Other Voices

Animal sounds, music
suggesting tribal life

Narration:
From the dawn of time, the Moon has been
watching us with an astonished air. How close,
how familiar the Moon seems. Yet how far,
how mysterious it really is.

X/F Phases of the Moon

2:55 X/F Australopithecus to
astronaut in spacesuit

For thousands of years, man has studied its
movements, its phases, its game of hide-andX/F to crescendo of human
voices, radio communications seek with the Sun.
Did our ancestors guess that one day our
ingenuity would take us to the Moon and
back?

Tomorrow, the Moon, by Richard D. Lavoie, April 14, 1999

page 1

Figure 2. The first page from a sample storyboard.
(see ﬁgure 2). In fact, it forces you to think of your toolbox
and the way you will use it in the show. That way, you can
give the same importance to sound, visual elements, music,
than what you naturally give to narration.
What I do is describe the show as I see and hear it in my
head. I visualise the show. I also verify that the script as a
whole and all the scenes show the typical dramatic curve.
Naturally, things can and will change when editing. Depending on the material you can gather, pace can change, music
and sound effects may be different, visual elements may be
too expensive to get. But at least, you will have written a
multimedia show, not just a narration. The following tips
should help in avoiding the most frequent mistakes scripts
can have…
Mistake #1: The “banana-banana syndrome”
What we call the “banana-banana syndrome” is the tendency to show exactly what is said in the narration: you say,
“this is a banana”, and you show a banana! This is a mistake
we often ﬁnd in shows and documentary movies when the
priority has been given to narration while writing the script.
The other elements are only used to illustrate what is said.
It is sometimes useful to underline or stress important elements or notions, but generally, this kind of repetition can
become very annoying for the audience. Always ask yourself,
do I need to say that? Can it be expressed differently?
Mistake #2: Predictability
When we adopt a too linear narrative style or structure,
the story becomes too predictable. You have to incorporate
the unexpected in your story. For example, in the above mentioned movie D.O.A., we all know the hero will die, but it is
still a thriller, because the story takes unexpected turns. So,
it is important to try to keep the audience off-balance. At
the same time, try not to overdo it. If the unexpected —
big sound effects, ﬂashes, etc.— become too frequent, the
audience will stop reacting positively to it. It will seem to be
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Mistake #3: Not looping the loop
A very frequent mistake is to forget to loop the loop. As I
said before, your conclusion should refer to the opening. But
also, you should try to close all the different substories you
were telling in the show. For example, in the show “Are We
Alone in the Universe?” we refer to the message sent to the
Hercules globular cluster by the Arecibo radiotelescope. In
post-scriptum to the show, we inform the audience that since
the beginning of the show, this message has travelled over six
hundred million kilometres in the direction of the Hercules
cluster… In looping the loop, you will provide your audience
with a soft landing, the impression of having learned something. This is the impression they will keep from the show,
which will inﬂuence their satisfaction.
Mistake #4: Too much information
Finally, a mistake we encounter too often, both in scientiﬁc documentary movies and in planetarium shows, is
giving too much information. Too much information can be
very counterproductive. What do you want to achieve with
the audience? Generally, you want to stimulate their interest in the subject, have them understand a few notions,
and more importantly from a scriptwriter point of view, you
want them to follow your story. Too much information can
lose your audience. Ask yourself: is this very important? Do
I need to give the information in order to have the story
understood? Remember: telling a story is emotional, not
strictly intellectual. You want your audience to be involved in
your show, and involvement is emotional. Respect that. Information will be useful only if it helps to keep the emotional
involvement. And complementary information can always be
given through other means, such as an exhibition, animation
or a brochure.
Conclusion
The planetarium has changed a lot during the last thirty
years, and it is a medium that will continue to evolve in the
next few years. Full-dome video, 2-D animation, laser and
other technologies are already adding to the powerful toolbox of the planetarium. But technology in itself is not sufﬁcient to provide the spectator with a satisfactory experience.
It is only through our storytelling skills that we can make
good use of technology. What would cinema be if it had
stayed in the hands of engineers? What would cinema be
if Méliès had never invented editing and montage? I think
we really have to develop our scriptwriting techniques if we
want the planetarium to remain an enjoyable experience for
the public. I hope this workshop has provided you with some
useful reﬂections on the subject.
✹
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The Explorers Project:
A Bishop Museum Education Partnership with NASA
Ken Miller
GOTO USA, 1525 Bernice Street, Honolulu, HI 96817, USA
Phone: +1 (808) 847-5800 Email: gotousa@earthlink.net

The Explorers Project, an education partnership between Hawai’i’s Bishop Museum and NASA, continues to evolve to best serve
the planetarium community. Since its beginnings in 1997, it has placed 170 copies of “The Explorers” show kit in US domes at no
charge, and now has begun sales internationally. In July 2000, 150 “Explorers of Mauna Kea” show kits were distributed. Learn how
we used input from NASA, astronomers, cultural experts, and planetarium colleagues to create these innovative, interactive shows.
See a sneak preview of “Explorers of Mauna Kea” and the next two programs in our series. Then learn how to get one for use in your
dome. Come explore with us
The Project
The history of our species is the history of exploration.
From the very beginning humans have explored and voyaged
across our planet. The Bishop Museum Explorers Project
was the creation of Bishop Museum, Hawai’i Senator, Daniel
Inouye, and NASA Administrator Daniel Goldin. After sailing
aboard the Hawaiiloa, a replica of a 2000 year old Polynesian voyaging canoe, and touring astronomical observatories at the 13,780 foot summit of Mauna Kea, Administrator
Goldin and others saw the connection that has spanned
almost 60,000 years of human discovery, the spirit of exploration.
In a cooperative education partnership, Bishop Museum
and NASA have set out to engage and challenge audiences
across the nation to rediscover our exploration roots. In the
span of a few years, through a series of innovative, interactive planetarium shows and support materials, audiences will
uncover a universal truth known to all adventurers — the
desire to explore is the sign of a healthy civilization, one that
greets the future with hope.
For the ﬁrst time, a planetarium based project brings to
the dome sky a full array of modern learning tools. Each
show is a complete package including a professionally produced planetarium program and educational products for
parents, teachers and students. All materials are aligned with
the National Science and Geography Education Standards.
Through the World Wide Web, educational materials are
available for home and classroom use. Future voyages aboard
Polynesian voyaging canoes, the International Space Station,
Martian probes, and others yet to come, will be brought to
our audiences live and interactively through The Explorers
Project. The next program of The Explorers Project, to be
released in July, 2000, is “Explorers of Mauna Kea,” a program about modern ground-based astronomy, and the work
that it does to complement that done from space-based satellites and deep space probes.
To date, “The Explorers” show kits have been distributed to
170 U.S. planetariums, and shown to nearly 250,000 people,

with more general public and school audiences set to view
it for many years to come. The program has received high
praise for its mix of live and automated sections, allowing
our nation’s planetarium professionals to take an active role
in conveying the excitement of exploration to their audiences. Demand for the program exceeds our currently available supply of programs, and we are working to increase the
reach of the programs by recycling program kits to new planetariums, and by using international sales to fund more kits
for U.S. distribution at no charge.
How We Did It
Production of Explorers Project planetarium show kits begins
with an extensive front-end and formative evaluation process.
Planetarium audiences, professional colleagues, astronomy
and other content specialists, educators, and community
resource people are polled to determine ﬁrst, what they
want to see and learn, and second, what they think of
trial storyboards and scripts. Input from this process is
often taken over the Internet, after viewing of storyboards
or other materials on The Explorers Project web site, at
http://www.bishop.hawaii.org/bishop/planet/ips.html
After scripting is done and visual images deﬁned, the process of production begins. While each of us had our own
opinions about what the “standard American planetarium”
should be, The Explorers Project team took great pains to
ﬁnd out what it actually was. Panorama formats, star projector axis speeds, audio and video playback capabilities,
in-house production or show kit modiﬁcation abilities, and
even the personal expertise of planetarium operators, all
were surveyed before we started production.
Among our ﬁndings:
• 35 mm slides still rule. Not a single planetarium reported
that they have truly gone all-digital in projection. (So
slides remain the key element in our show kits. After extensive testing, we found no commercial contact slide duplicator able to produce consistent, high quality results, so
we went the more expensive route of optical duplicates for
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•

•

•

•

all 44,850 slides in our ﬁrst run. Shows are distributed
in cheap plastic mounts which carry image number information, but are lint-free when opened, unlike cardboard
mounts. “Black” masks, both hard and soft edged, were
made on Ektachrome ﬁlm, just as the color images were.
When sandwiched in a Wess, or similar mount with the
corresponding slide carrying black areas, density is sufﬁcient to produce a true black on the dome.)
Digital image resolution is critical, and some other’s earlier show kits showed the result of too-small image ﬁle
manipulation. (We did our own testing, and found that
carrying a 1000 Ω 1500 pixel image size resulted in ﬁnished slides which were indistinguishable from slides with
much more image density. However we used 1467 Ω 2200
for panorama slides, which tend to be shown through
shorter focal length lenses. As a result, we were able to
trim down our computer ﬁles, and work with the necessary images much more quickly. We will be happy to share
hardware speciﬁcations of our digital image suite, with
those who are entering the digital realm, and would like to
know model numbers, etc.)
The most universal audio input was CD. (But DA-88 tapes
were also determined to be valuable for those with more
than stereo channel capabilities. Explorers Project sound
tracks are laid down in a 5+1 track assignment system, and
then output in other conﬁgurations as needed.)
The most universal panorama conﬁguration was a 6-panel,
360˚ system. (Although every number of panels between
3 and 14, except 7, 11, and 13, were reported! For those
able to pay the cost of altering pans, we are able to do that
work for them, or we can share the large digital image ﬁles
which will allow knowledgeable users to create their own
panoramas matching their formats.)
The most universally used video system was a VHS deck
with 3-gun video projector, with laser disk following close
behind. (However, we elected to distribute video on laser
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disk, since virtually all planetariums have access to a laser
disk player, and can record video onto their preferred
media, leaving the laser disk as a durable master source for
replacing worn tape, just as our audio CD is often used to
record tapes for dome playback.)
• Most show kit installers are working as a one-man staff,
or nearly so. (So our installation guide, including an online web illustration of slides, etc. was made as simple as
possible. A staffed phone and e-mail line was deemed necessary, and continues to get calls for help or installation
suggestions, which we are happy to provide.)
• Most show kit users are also working as a one-man staff,
or nearly so. (So our presentation guide, annotated script,
background and education materials are all produced with
the assumption that the presenter is starting from scratch.
Not too much information all at once, but ways to ﬁnd out
more if desired.)
Using the information we garnered from the ﬁeld, we then
felt conﬁdent that we could, in fact, deliver show kits which
are useable by the vast majority of planetariums in America.
Since we have begun distribution, we have been very pleased
to hear almost no cries for help. Our evaluation work has
paid off in kit formats and show content that both serve planetarium professionals and their audiences. We now look forward to distribution of “Explorers of Mauna Kea,” and future
programs on the International Space Station and human
exploration of Mars, as continuing elements of The Explorers
Project, our education partnership with NASA.
For further information contact:
The Explorers Project
Bishop Museum — Center for Space Education
1525 Bernice St.
Honolulu, HI 96817, USA
Phone: +1 (808) 848-4162
Email: explorers@bishopmuseum.org
http://www.bishop.hawaii.org/bishop/planet/ips.html ✹
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Evaluation Planning and Practices for The Explorers Project
Michael Shanahan
Planetarium Manager, Bishop Museum, 1525 Bernice Street, Honolulu, Hawai’i 96817, USA
Phone: +1 (808) 847-8235 Fax: +1 (808) 848-4155 Email: mikes@bishopmuseum.org

Bishop Museum, in Honolulu, Hawai’i has teamed up with NASA to provide a prototype for the next generation of informal educational programming in astronomy and space sciences. Called the “Explorers Project”, this effort taps expertise, resources and ideas
from across the nation to develop materials exploiting the full potential of the planetarium environment from portable Starlab™
planetaria to large multi-media theaters.
Evaluation provides a critical link throughout the production cycle of our shows, educational materials and web site. Front end evaluation looks at each show’s “big idea” giving the production team a solid basis from which to proceed in developing show treatments
and storyboards. Formative evaluation proceeds with surveys and questionnaires designed to test storyboards and draft scripts.
Each show is subjected to rigorous beta testing which includes audience as well as planetarium staff inputs covering all deliverables.
Summative evaluation includes case studies and learning outcomes.
Deciding Whether to Evaluate
Evaluation of The Explorers Project was a requirement of the
NASA grant. But, beyond the general requirements set forth
The Explorers Project staff saw the need for additional evaluation to provide more speciﬁc cultural and scientiﬁc guidance early in show development. The challenge was to tell a
compelling story about explorers across vast differences in
cultures. We had to remain faithful to Hawaiian and Polynesian cultures and tie voyaging explorations to their modern
day equivalents within NASA.
Defining the Evaluation Problem
The Explorers Project faced an unusual challenge: Tell a
story about Polynesian voyaging spanning some sixty thousand years of human history with no written record to guide
us. Then carry the audience into the near future on our
ﬁrst manned mission to Mars. This required that we include
cultural experts to serve on the ﬁrst of two advisory teams.
Their job was to guide the script writing team in their efforts
to accurately capture the depth and scope of this unique
story. A national advisory team reviewed the show’s scientiﬁc
and technical accuracy and associated educational materials. The national advisory team is composed of NASA experts
in ﬁelds of astronomy, space science, education and earth
science. Other members represent the planetarium community and K-12 education.
The advisory teams helped the production staff reach a
balance between the story elements of Polynesian voyaging
and modern space exploration.

team, selected for her informal science evaluation expertise,
helped design our front end evaluation procedure.
Much time was devoted to identifying values we thought
would be important to a national audience. “But will it play
in Bozeman?” became our guiding philosophy.
In addition to our advisory teams, The Explorers Project
contracted with a nationally recognized informal science
ﬁrm to provide an in-depth project workshop held at Bishop
Museum. During the workshop, staff members designed evaluation instruments and began gathering quantitative and
qualitative data through front-end evaluation conducted at
the museum and in the planetarium. Visitors were invited
to participate through interviews designed in the workshop.
Several instruments were developed to test the show’s “Big
Idea” as well as possible show titles.
Four draft show treatments were written and mounted on a
conﬁdential web site for the advisors to critique. The production team then selected the most promising show treatment
for development into a full storyboard. This too, was subjected to the evaluation process, but in a new and dynamic
way. The storyboard, complete with artwork was mounted on
the advisors web site. They could quickly read through the
script and see the storyboard visual elements. They returned
their comments to the production staff via embedded e-mail
links in the storyboard.
Changes were made to the storyboard and a production
script written. This was mounted on the conﬁdential web site
and evaluated. A ﬁnal script was locked down and four Beta
Test shows prepared.

Designing the Evaluation

Beta Testing The Explorers and Explorers of Mauna Kea Planetarium Programs

Three months after program startup, a national advisory
team was selected and brought together in Honolulu at
Bishop Museum. For one week team members were immersed
in Hawaiian culture, Polynesian voyaging and world class
astronomy atop the Big Island’s Mauna Kea. Working sessions helped design program evaluation. One member of the

The Explorers show would undergo an extensive ﬁeld test at
four beta test sites. Both shows incorporate live sections with
audience participation. We wanted to know how this would
be received.
The test objectives were designed to tell us:
1. How well the show installed;
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2. The overall quality of the visuals, audio track and associated production notes;
3. Show topic suitability and appeal for general and educational audiences;
4. Audience reaction to live interaction and breaks in a planetarium show;
5. Any recommended changes that planetarians felt were
important to this program.
Our goal was to produce an easy to install show in three
versions. The Explorers Project shows are designed for use in
90% of America’s planetaria. Beta testing of The Explorers was
done at the following venues:
Starlab™ Portable Dome 40 slides, Audio CD sound track
Site: Honolulu’s Bishop Museum Planetarium Starlab™,
conducted statewide.
Small dome
299 slides, Audio CD sound track
Site: Smith Planetarium, Paciﬁc Science Center, Seattle,
Washington.
Medium dome 299 slides, Audio CD sound track, laserdisc
(Digistar™ programming and testing)
Site: Cook AST Center, Corsicana, Texas.
Large dome
299 slides, DA-88 custom sound track,
custom panoramas and laserdisc
Site: Discovery Place, Charlotte, North Carolina.
Each site installed The Explorers and collected data over a
two month period through audience and planetarium director’s questionnaires. Data were returned to Bishop Museum
for analysis. Minor changes were made to the show before
duplication and distribution.
Each show includes an extensive set of lesson plans and
teacher guides. These were also evaluated. All curriculum
materials are aligned with the National Science Standards
and the Geographic Education National Implementation
Project and their Standards.
Educators at the Beta Test planetariums were asked to
evaluate the web site and the Teacher Guide. Results from
these surveys guided reﬁnement and further development of
the materials.
Explorers of Mauna Kea is the second planetarium program
offered by The Explorers Project. Beta Testing of this show
was conducted in a different way. Instead of full ﬁeld testing
of the complete showkit, an electronic version, complete with
visuals was produced and distributed to ten beta test sites
across the country. By way of an attached set of evaluation
instruments, planetarians responded to the show via e-mail.
This provided the production staff with rapid responses to
the Beta version of the show.
As with the ﬁrst show, local and national advisors were
given show treatments and scripts to review and make comments on.
Each show went into duplication and distribution after
extensive evaluation of all components of the showkit, educa-
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tional materials and web site. Evaluation continues through
questionnaires included with each show kit. Planetaria
receiving the show must also provide quarterly attendance
counts that help us determine overall show impact.
Budgeting the Evaluation
In terms of cost effectiveness, evaluation must be planned
and carried out with the intent to produce information sufﬁciently valuable to justify the resources expended. The
Explorers Project was planned from the beginning to include
adequate resources to do the following:
• Contracting outside ﬁrms to perform evaluation of the
programs;
• Form two advisory teams and bring them together at
Bishop Museum;
• Provide evaluation workshops for museum and project
staff;
• Conduct extensive Beta Testing of all deliverables;
• Conduct evaluation of program materials at regional and
national planetarium conference workshops.
Summative Evaluation
The Explorers Project will conduct summative evaluation of
the two planetarium programs through surveys, interviews
and case studies. Western Michigan University, Center for
Evaluation will be conducting a Winter Institute in Hawai’i
in January 2001. The Explorers Project will be used as a
case study for the instruction of participants. We hope to
gain new insights into project evaluation that may be applied
to future programs through this program. Our goal is to
improve our in-house evaluation capacity through professional development programs offered by Western Michigan
University and other institutions.
A ﬁnal project report to NASA will include a comprehensive report based on the results of our evaluation efforts.
Conclusions
For anyone seeking federal funding for projects, evaluation
must be included in your planning and implementation.
Those in positions of authority at institutions receiving federal funding must examine their evaluation capabilities and
include evaluation specialty staff positions in their budgeting and planning. The Explorers Project represented the ﬁrst
in-depth program evaluation done at Bishop Museum. We
have learned a great deal and hope to include evaluation as
part of all future exhibits and programs.
Contact:
Explorers Project web site:
http://www.bishopmuseum.org/bishop/planet/explores.html ✹
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Spirits from the Sky, Thunder on the Land
Phyllis Burton Pitluga
Senior Astronomer, Adler Planetarium & Astronomy Museum, 1300 S. Lake Shore Drive, Chicago, IL 60605, USA
Phone: +1 (312) 322-0319 Fax: +1 (312) 322-2257 Email: ppitluga@midway.uchicago.edu

The Adler Planetarium is producing a planetarium show, partially funded by The National Science Foundation, about Native American Pawnee-Indian sky traditions. It is a forty-minute narrative featuring a grandfather and two grandchildren. They take the audience inside a Pawnee earth lodge to join the chiefs in using the smoke hole to sight the Council-of-Chiefs stars passing overhead at
dawn. The stars announce the annual cycle of rebirth and renewal. From out under the vast skies of the plains, we follow the cycles
of their stars during the ceremonial year — from ﬁrst planting, to the summer buffalo hunt, the harvest and the winter buffalo hunt.
We witness conjunctions of the planets, Sun and Moon that bring alive the Pawnee creation legend.
“Spirits from the Sky, Thunder on the Land” opens at the Adler Planetarium July 28-30, 2000 and, for a fee, will be available to
other planetaria in October 2000.
The title of this article is the title of a new planetarium
sky show. This show was developed at Adler Planetarium
& Astronomy Museum in partnership with members of the
Skidi Band of the Pawnee Nation. The premiere weekend and
festivities will be held in Chicago at the Adler Planetarium
on July 28-30, 2000. The
show is partially funded
by The National Science
Foundation (NSF).
The introduction to the
show is written and narrated by Pulitzer Prize
winning Native American
author N. Scott Momaday.
In a very moving way, he
connects people to the
stars. The show features
a Pawnee Indian grandfather visiting the sacred
grounds of their original
village with his two grandchildren. He is recalling
the Pawnee sky traditions.
They take the audience
inside a Pawnee earth lodge to view the sky through the
smoke hole to sight the Council-of-Chiefs stars (Corona
Borealis) passing overhead at dawn, as the chiefs of ages past
had done. The stars announce the annual cycle of rebirth
and renewal. From beneath the vast skies of the plains, we
follow the cycles of their stars during the ceremonial year —
from ﬁrst planting, to the summer buffalo hunt, the harvest
and the winter buffalo hunt.
At the conclusion, we witness the planets, Sun and Moon
that animate the Pawnee creation legend, as told by an
ancient ancestor. In this creation story, Great Star (Mars)
overcomes many obstacles set forth by Evening Star (Venus).
Watching the planets moving in the sky, as they will for the
next two years, we see them come together in conjunction.
From that union came a daughter, First Woman. The joining

of the Sun and the Moon (in an eclipse?) produced a son,
First Man. Thus, to the Pawnees, they are directly “made of
star stuff.”
Original drumming and singing and actual images enhance
the sky show. During this IPS paper presentation you
will see and hear excerpts
from the sky show. Also
a companion Pawnee star
ﬁnder and guidebook will
be shown. This show is
available to all planetaria
at the subsidized price of
$475. Those visiting Chicago for the Pre-IPS conference will see this show.
After July 28th it will be
shown several times daily.
The origin of this show
began back around 1980
when Von Del Chamberlain, Director Emeritus of
the Salt Lake City Planetarium, was a research
scholar at the Smithsonian. As he pored over the archival information there about
the Pawnee sky traditions, he could imagine a planetarium
show. From the material, he wrote the book “When Stars
Came Down to Earth: Cosmology of the Skidi Pawnee Indians of North America.” In 1997, he came to the Adler Planetarium, the major Midwest planetarium, with an approved
preliminary proposal to NSF to help fund his-long dreamt
sky show. Would we be interested in developing this show?
Yes, we would! During the rest of 1997 and into 1998 we
worked on the full proposal to NSF. In August 1998 we
learned that we had been awarded the grant in the amount
of $450,000.
During the grant proposal development, Von Del and I had
contacted the chief of the Pawnee Nation who directed us to
the chiefs of the Skidi Band of the Pawnee Nation to discuss
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a partnership. We met with Chiefs Eddy Eppler and Pat Leading Fox in October of 1997. They thought highly of Von Del’s
book and were thrilled to have a face-to-face meeting with
the author! The project was readily endorsed as something
of great value to the Pawnee in bringing alive their celestial
heritage. Native American authors Anna Lee Walters and N.
Scott Momaday were approved to develop the script. The
next day, we discussed this project with the many Pawnee
who had gathered for a dance to celebrate and honor an
elder on her 87th birthday. The colorful dancers and thunderous sound of a dozen drummers beating a huge drum will
never be forgotten.
We returned to the reservation at Pawnee Oklahoma in
October of 1998 to discuss this project at a meeting of the
entire Skidi Band. Good questions and hearty approval were
received. An outcome was the selection of three representatives to participate in this project: elder Maude Chisholm,
Second Chief Pat Leading Fox, and drummer/singer Chris
Leading Fox. Before the meeting we shared in a feast of fry
bread, corn, and meat cooked in the traditional earthen-pit
manner.
In February of 1999 we began meeting to develop the
“Spirits from the Sky…” show. Gathering at the planetarium
in Oklahoma City with Pawnee elders, we spent several hours
there teasing out childhood memories of what was identiﬁed, known and thought about the sky. It was a delight to
hear the recollections and debates about nearly lost memories. From this session and using resources gathered and
written by Von Del, we produced a Content Resource Document that pooled the information from which we could draw
for the script.
But there was more to learn about the original Pawnee way
of life and the way the heavens were folded into their lives.
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Anna Lee Walters spent untold days visiting with Pawnee relatives and going to the original village site in Nebraska to
put more of the human Pawnee context into the Sky-Spirit
story. From this evolved the idea of telling the story through
the eyes of grandfather.
The full team of advisors (authors, Skidi, anthropologists,
educators, astronomers, and Adler staff) met in Pawnee Oklahoma in May of 1999. Here we eagerly shaped the show and
felt the essence of what it means to be Pawnee when we all
attended a dance that hadn’t been held since 1927. Only a
few in attendance remembered that dance. Outdoors within
the circle of a shady arbor of freshly cut boughs a traditional meal was served by the men to the guests followed
by the drumming and dancing. Our team was introduced
as the “star people” from Chicago. We were warmly received
with welcoming words about our joint project. That night we
gathered with many of the Pawnee at a dark site to point out
their stars in the sky to them. It was a satisfying culmination
to a wonderful day.
Over the past year we have been developing the script,
ﬁnding archival photos at the Field Museum, and recording
music with Pawnee drummers. We have also developed a
companion guidebook with enrichment information and a
star ﬁnder depicting the Pawnee constellations. Noted artist
Wendell Minor has painted an icon scene for this show
for promotional materials. It shows a thundercloud and the
Council of Chiefs stars in the sky with a village of Pawnee
mud lodges and a herd of thundering buffalo on the land. It
embraces the essence of “Spirits from the Sky, Thunder on
the Land.” To those of us on the team, this project has been
more than a sky show. We have participated in bringing alive
a nearly lost tradition.
✹
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Digital Methods to Produce Seamless All-skies and Videos for
Dome Environment
Timo Rahunen
Planetarium, Tampereen Sarkanniemi Oy, Sarkanniemi, FIN-33230 Tampere, Finland
Phone: +358 3 2488 225 Fax: +358 3 2121 279 Email: timo.rahunen@sarkanniemi.fi

At Tampere Planetarium we have developed digital methods for making all-sky and video images that can be mixed seamlessly
together. Our new 2Pi all-sky projector uses a special ﬁsheye lens for which certain corrections have to be made due to the lens
geometry. We use 3D-software 3DS MAX and a C++ program written in-house for this task. We build a 3D virtual dome and map
still images on it using standard mapping methods. We approximate the 2Pi-lens geometry by using a spherical reﬂecting mirror
at the position of the projector lens. Then we place a virtual camera on the optical axis of the lens and target it at the mirror. If
exact results are needed the 2Pi-lens geometry has to be corrected by using a specially developed C++ program. 3D-animations
produced in-house and any other digitized videos can be made to match all-sky images using the same principles.
Introduction
At Tampere Planetarium our shows are mainly based on
using a lot of video effects and 3D-animations as well as allsky images. We have no special effect projectors at all. We
have been producing our own 3D-animations since 1993.
We have used Digidome software to make images for our traditional six-projector all-sky system.
We have recently installed a new 2Pi all-sky projector provided by Antti Jännes of Prodome Oy, Finland. This projector makes use of a ﬁsheye lens and the slides are of special
large format. It is easy to make images for this projector by
shooting them in real environments with a special camera
provided by Prodome. This camera has the same Kiev Zodiak
lens as the projector and there is no distortion because the
lenses are identical.
The problem arises whenever we want to make original artwork or use planar images with the all-sky projector. The
same is true if we want to ﬁt video with the all-sky images.
For example let us imagine that we are in a spaceship and
we want to project live 3D-animations or videos through a
window of the spaceship. We want to use our video projector to show the scenes through the window and the all-sky
projector to produce a still background showing the spaceship from inside. Then the geometry of the video and all-sky
images should match together to create the correct illusion.
Virtual Dome
For many years we have been producing our own 3D-animations by using 3D Studio MAX, Softimage 3D and recently
Alias/Wavefront Maya software. With this experience it is
natural to approach the problem from 3D perspective.
With 3D software it is fairly simple to create a virtual dome
that corresponds to the real planetarium. We start by creating a hemisphere in 3DS MAX. We have a dome with zero tilt
and a radius of 6.5 meters. We have unidirectional seating
and the audience is looking to the south. Figure 1 shows the
dome and the positions of our projectors.

Figure 1. Schematic view of Tampere Planetarium showing the positions of the 2Pi all-sky projector and the video projector.
We have one CRT video projector positioned on the perimeter of the dome. The exact position of the lens is 6.1 meters
north from the center of the dome. The video image is projected on the south side of the dome extending 67 degrees
horizontally and 50 degrees vertically. The lower boundary
of the image is located on the horizon. These parameters can
be changed by adjusting the projector.
Our 2Pi all-sky projector is located 1.3 meters north from
the centre of the dome and the lens is 0.6 meters below the
horizon. The lens is tilted 10 degrees towards south and the
optical axis of the lens is directed to the zenith of the dome.
Video images
For video images it is fairly straightforward to get the geometrical correction by placing a virtual video camera at the
position of the video projector lens. To make the boundaries of the video frame visible on the dome we can create a
pyramid of correct shape and size corresponding to the projected video image. Then we position and rotate this pyramid
to match the video projector position and create a Boolean
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Figure 2. Video frame (grey area) projected on the dome.
object in which the pyramid cuts the dome.
Figure 2 shows the geometry of the rectangular video
frame (grey area) on the dome taken from the projector location with a wide ﬁeld camera. The target point of the video
camera should be in the center of the video frame and the
camera’s ﬁeld of view should be such that the frame ﬁlls the
image size.
In most cases it is not necessary to correct the videos at
all. It is enough to use a mask that has correct shape. This

Figure 3. Spherically mapped video image extending 67 degrees horizontally and 50 degrees vertically.
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can be done with the aid of the grid shown in Figure 2. The
mask can be e.g. a soft edge mask with black edges and transparent central area or it can be a window type frame with
hard edges. The mask can be made in Photoshop to correspond with the grid shape. Another possibility is to make
a mask with rectangular shape and correct it in 3DS MAX
using the technique below. Then we apply the mask to the
video sequence in video post editing software which in our
case is SpeedRazor RT.
It is possible to apply digitized video sequences as materials in 3D-software in the same way as still images can be
used as bitmap materials. Video sequences can be mapped
on the virtual dome to get the correct geometrical correction. We use European PAL video format in which the image
size is 720 Ω 576 pixels with pixel aspect ratio of 1.067.
The image aspect ratio is 1.333 and we have to keep this in
mind when we map the sequence on the virtual dome. We get
the correction we want when we use spherical mapping with
proper tiling and offset so that the mapped video image ﬁlls
an area extending 67 degrees horizontally and 50 degrees
vertically and is positioned as shown in Figure 3. This should
be compared to Figure 2 which shows the frame seen by
the video camera. Then each image of the video sequence is
mapped automatically on the virtual dome one after another
and every time the camera makes a new image to the corrected sequence.
This technique can be applied for pre-rendered 3D-animation sequences and any digitized video sequences. 3D-animations can also be rendered applying the same camera
position, alignment and ﬁeld of view as described above so
that no corrections are needed afterwards.
All-sky images
We have recently installed a new 2Pi all-sky projector provided by Antti Jännes of Prodome Finland. This projector has
a ﬁsh-eye lens and uses special slides with a diameter of 76.4
mm. The projector lens is located 1.3 meters north from the
centre of the dome and 0.6 meters below the horizon (see
Figure 1). The lens is tilted 10 degrees towards the south
side of the dome and the optical axis of the lens is directed
to the zenith. The image extends from the horizon in the
south to 12 degrees in the north. If we measure the angular
distance from the zenith then the image extends from 0 to
90 degrees on south side and 0 to 78 degrees on the north
side of the dome.
The Kiev Zodiak lens of the projector has an image geometry that can fairly closely be approximated by a reﬂecting
spherical mirror. Test calculations show that the maximum
error in the angular distance measured from the optical axis
of the lens is about two degrees if the reﬂected rays from the
mirror to the camera are parallel. This kind of an image can
be seen in Figure 4. It has been made in the virtual dome by
creating a spherical reﬂecting mirror of 1 cm in radius and
placing it in the center of the dome. The camera is located at
the zenith of the dome and camera target is in the center of
the mirror. The ﬁeld of view of the camera is 0.12 degrees. In
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angular distance from the lens axis. The ﬁrst step to make
the correction was to ﬁt a third degree polynomial to the
data in the table. We found a polynomial that fulﬁlled the
data with a maximum error of about 0.03 mm in the distance measured from the center of the slide corresponding
to about 0.07 degrees in the angular distance. Then by using
the known formula for reﬂection from a spherical mirror we
wrote a C++ program that makes a spatial transformation
from spherical mirror geometry to Kiev Zodiak lens geometry. To avoid undesirable artifacts, such as distortion of
straight edges we used a bilinear interpolation approach.
With certain images it may be necessary to use bicubic interpolation that gives better results but is more time-consuming from the computational point of view.
The result of the correction described above can be seen
in Figure 5 where both the uncorrected and the corrected
images are superimposed so that the difference can be seen.
Inner circles correspond to the spherical mirror and outer
circles to the Kiev Zodiak lens geometry. The grey area shows
the video frame.

Figure 4. Dome geometry as seen in a reflecting spherical mirror
placed in the center of the dome. The video frame is marked with a grey
area
this ﬁgure the video frame is marked with a grey area.
If we need exact results this spherical mirror image has
to be corrected to ﬁt the Kiev Zodiak lens geometry. Antti
Jännes has given us a table that gives the distance measured
in millimetres from the center of the slide as a function of

Figure 6. Dome geometry as seen in a reflecting spherical mirror
placed in the position of the 2Pi all-sky projector. The dark grey distorted rectangle is the video frame. The light grey area shows part of
the image that is not projected

Figure 5. Superimposed uncorrected and corrected images of dome
geometry. Inner circles correspond to the spherical mirror and outer
circles to the corrected Kiev Zodiak lens geometry. The grey area shows
the video frame.

Our all-sky projector is not located at the center of the dome
but 1.3 meters towards the north side of the dome and 0.6
meters below the horizon (see Figure 1). Therefore we place
the reﬂecting spherical mirror in this position in the virtual
dome. The lens is tilted 10 degrees towards the front side of
the dome and the optical axis of the lens hits the dome at the
zenith of the dome. We place a virtual camera at the zenith
and the camera target is centered at the spherical mirror.
Figure 6 shows an image taken with this technique. The
dark grey distorted rectangle is the video frame. The light grey
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area shows part of the image that is not projected because of
the tilt of the lens and a mechanical shade in the projector.
To get the ﬁnal corrected all-sky image the image shown
in Figure 6 has to be corrected with the C++ program
described above. If we want to use the all-sky image together
with the video we can mask the area corresponding to the
video frame in Photoshop.
Additional remarks
With the technique described above it is possible to make
all-sky and video images that can be mixed seamlessly
together. The same technique can also be applied for traditional six-frame all-sky images by placing cameras at the
positions of the slide projectors. The same is true if we want
to use more than one video projector or even a seamless alldome video system.

The mapping of images and image sequences on the virtual dome has to be made carefully so that the image ratio
is not altered. Depending on the situation it is necessary to
use different mapping methods (planar, cylindrical, spherical,
shrink-wrap etc.) with different tiling and offset. For example
by applying shrink-wrap mapping in 3DS MAX with 2Ω2 tiling
it is possible to ﬁll the hemisphere with a circular image.
The image resolution for the all-sky slides should be about
6000 Ω 6000 or more. Rendering of such images takes a
lot of computational resources. It is necessary to use ray
tracing in 3DS MAX when we are rendering images through
the reﬂective spherical mirror. This is much slower but the
results are much better. It may also be necessary to try different antialiasing and supersampling methods to get optimal results.
✹

It’s Live AND It’s Taped: the Bishop Museum Hybrid
Michael Shanahan
Planetarium Manager, Bishop Museum, 1525 Bernice Street, Honolulu, Hawai’i 96817, USA
Phone: +1 (808) 847-8235 Fax: +1 (808) 848-4155 Email: mikes@bishopmuseum.org

For decades, there has been a debate in the planetarium community over whether “live” or pre-recorded shows are better. Recently,
the Bishop Museum in Honolulu has developed two programs — “The Explorers” and “Explorers of Mauna Kea” — which combine
live and taped segments in roughly equal parts.
I’d like to touch on several aspects of this live/taped approach in this paper. Speciﬁc questions include: what do live components
add to a show? What do tape elements bring? What is the right balance? What sections are best done live, best done pre-recorded?
Why do live at all? Why do taped at all? And how does one make the transitions between those parts?
What “live and interactive” adds to the planetarium show
1. The human touch. In a survey of science center visitors,
Randi Korn reported that visitors preferred live demonstrations to every other interpretive strategy. On a scale
of 1 to 7 (7 being “like very much”), live demonstrations
received an average rating of 5.98. The only other interpretive strategy that came close to this, interestingly enough,
was “things to do/handle/manipulate,” which received an
average rating of 5.95. In contrast, such pre-recorded interpretive techniques as “things to listen to” (5.23 average
rating) and video programs (5.01) received substantially
lower average ratings. “It is interesting to note that ‘live
demonstrations,’ which are probably the least common
communication vehicle used in any museum type, ranked
the highest… ‘Explainers,’ as they are sometimes called,
provide a non-threatening and easy way for visitors to satisfy their curiosity.” (Korn 156)
2. A live interpreter allows for genuine give and take; she or
he can ask questions to the audience, and be asked questions in return.
3. Live is more immediate, and (unless it’s a bad demonstra-
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tor!) more entertaining than pre-recorded narration.
4. Genuine interaction is much more feasible with a live section. In “Explorers of Mauna Kea,” for instance, we pass out
mirrors to the audience and have them bounce a light onto
a target. The more mirrors hitting the target, the more
light collected; the activity leads to a discussion of the
Keck telescope, with 36 separate mirrors that function as
one great 10 meter telescope. This activity — passing out
the mirrors, giving the audience time to “get” the activity,
collecting the mirrors afterwards — is impossible to do
in a pre-recorded format. Any theater which absolutely
cannot do this as a live program, will have to cut out this
very important element of the show!
5. The live format is invaluable for demonstrating basic concepts of astronomy: motions of the planets, sunrise/sunset
changes over the year, phases of the moon, etc. These are
important concepts that visitors “get” at different speeds.
A live presenter can answer questions; ask questions to
assess whether the audience is still with the presenter; take
more time when needed, and reiterate important points;
and check in on individual audience members to see if
they really understand the concept.
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What pre-recorded sections add to a planetarium show
1. Different voices. Even when we do the Explorers show in
a Starlab, we keep the story of Maui’s Fishhook on tape;
having a true Hawaiian storyteller to narrate the legend
adds a lot to the program.
2. Taped programming is often a better medium for delivering a lot of facts fast. It is a standard argument in science
theater that live drama is NOT a good medium for delivering a whole lot of facts, and I believe this truism applies to
live presentations in general. The range of visual and special effects, of different narrative voices, etc. make it more
effective to deliver a lot of information quickly in a taped
format.
3. Special effects are much easier when you’re on tape! Sometimes just getting a slide at the right moment can be a
challenge in a live section.
The Bishop Museum’s experience
In performance at the Bishop Museum, “The Explorers” is
almost exactly half live and half taped. The recorded sections run 23 minutes, and the live sections add another 18
to 23 minutes to the running time depending on the presenter, the size of the audience, and their interest level.
The new show, “Explorers of Mauna Kea,” leans a little
more heavily on the taped side, because there is so much
content; the program starts with the geological origins of
Hawai’i and ends with the discoveries of a range of cutting
edge observatories. That said, the live elements may be even
more important to the Mauna Kea show. The two live sections of the original Explorers show could be performed,
although not as effectively, to a pre-recorded tape. On the
other hand, the mirror activity in the Mauna Kea show
requires so much interaction between audience and presenter that is cannot be presented at all without that live
demonstrator.
We’ve learned several lessons in the smooth integration of
taped and live elements. A live introduction, in which you
alert the audience that we will stop the tape and we will
work together to explore the skies, sets up the live-taped
format before you even hit the “play” button for the ﬁrst
time. Asking questions to the audience and getting them to
react from the very ﬁrst moments of the show sets the mood,
and the mode, for the 45 minutes to come.
While one should not run too long before a live break —
the more time until the live section, the more of an effort
it takes to stir the audience from their passive mode — it
is good to give at least a few minutes of taped narration at
the start. After all, the audience needs to get their eyes darkadapted, especially since so many of the best live activities
deal with the planetarium sky itself.
As noted above, live sections are excellent vehicles for
illustrating basic astronomical concepts: the daily motions
of the sky, for instance, or the ways in which the sky changes
as latitude changes. Making observations and getting feedback, checking in with the audience, encouraging even a
little debate are elements of “live and interactive” that can

work even in the biggest of domes!
In the ﬁrst live section of “The Explorers,” the audience is
divided into quarters, each quarter watching a different star
or constellation. A simple act of dividing the group makes
the audience focus a little more on their speciﬁc task. In the
second live section, the audience measures the altitude of
Polaris from Hawai’i, using their hands as measuring tools.
Then, after a quick virtual trip to Tahiti, the audience has to
shout “stop” when they think the north star is back at the
right altitude for Hawai’i. This is the “magic moment” of the
show. The presenter takes comments from the audience; has
them vote on whether the north star is in the right height
or not; reiterates the importance of being right about such
matters, for the Polynesian navigators; and then turns on the
meridian in the “moment of truth.” The show demonstrates
an important concept (the change of the North Star with
latitude) in a situation in which the “stakes are high” (if we
miss Hawai’i, the next land is the Aleutian Islands).
Having established one live break, the audience is a little
more alert as the tape starts to roll again; they are expecting
another live break, maybe even paying a little more attention because of this anticipation. At least two live sections
are recommended — you don’t want to frustrate that audience expectation, after all!
In talking with fellow writers and producers who are interested in this live/taped hybrid, one question that recurs:
“How to you make the transition smoothly from tape to live?”
Having come late to “The Explorers” show, I marveled at how
smoothly such transitions work in that program. One reason
why: the taped show posits a question (“How did the Polynesian travelers navigate, without compasses or sextants or
clocks?”) which is then answered by the live section (“Let’s
see how we can use the North Star and other stars, to navigate from Tahiti to Hawai’i.”) The script leaves a question
hanging in the air, and the live presenter, working with the
planetarium equipment and the audience, answers the question. The script creates the need for the live demonstrator!
A quiet music fade, giving the presenter time to get into
place and prepare to speak, makes for a professional-sounding transition.
In making the transition back to the recorded part of the
show, the demonstrator now has the burden of making the
transition work. While a free-form style can be very effective in a live section overall, it’s good to keep a couple of key
phrases at hand, to get from live to tape gracefully!
Sheer equipment changes can help this taped/live format.
A wireless mike provides more freedom of movement, liberating the presenter from the console. Just make sure you have a
reliable one that works in all parts of the dome; change your
batteries often; and remember to turn it to ‘mute’ if you go to
the bathroom before the show. Aisle ways that allow access
to the audience (to hand someone a pointer so that they can
show a constellation, for instance) are invaluable. A second
staff member, or a volunteer trained on the console, can liberate the speaker entirely from the console (as can some
of the more high-tech starball controls hitting the market
now).

IPS 2000 Conference Proceedings ✹ 129

Show Production
Other planetaria have worked out other approaches to this
live/taped blend. The H. R. MacMillan Planetarium in Vancouver, for instance, incorporated a single live actor into
their 1998 Mars show. Particularly memorable: a monologue
as Percival Lowell, with the dome behind the actor lit to
resemble an observatory. Paciﬁc Science Center in Seattle,
deeply committed to live, interactive shows, has made creative use of short recorded bits — a taped narrator setting
up the premise of “Sky From Scratch,” for instance, in which

the audience will be asked to invent their own sky mythology before they leave the dome. The blend of live and taped
programming is one more way in which the planetarium
can remain a compelling educational/theater experience in
today’s demanding market.
✹
Reference
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Masks from Your Mac (or PC):
Making Slides and Masks in Photoshop (Workshop)
Christine Shupla
Planetarium Manager, Arizona Science Center, 600 East Washington St., Phoenix, AZ 85004, USA
Phone: +1 (602) 716-2078 Fax: +1 (602) 716-2099 Email: shuplac@azscience.org

Many planetaria are taking advantage of computer programs that allow them to manipulate their images digitally. Learn how to
download beautiful images and mask them on your computer, and create ﬁles that can be printed out as slides and masks.
I will be gearing this workshop to those who are somewhat
computer literate, but I will also assume no previous
knowledge or experience of downloading images and using
Photoshop.
Obtaining a Digital Image
The ﬁrst step to working on digital slides and masks is
obtaining a digital image. There are several methods of doing
this:
1. Scanning (or paying a graphics company to scan) your
pictures or slides. I recommend scanning at a fairly high resolution (at least 300 dpi), and starting with the largest print
you can ﬁnd. (I usually have about 1000 by 1500 pixels per
image for a regular slide, and at least 4000 by 4000 pixels
for an all-sky.) You will need to store your image ﬁles on
either a computer with a fair amount of free disk space, on a
CD, or on a zip disk or jaz tape. A ﬂoppy disk should not have
enough room for your images, unless you plan for the image
to take up only a small amount of the slide.
2. Download a free image over the internet. Our best
resource so far has been the Space Telescope Science Insitute, which has many beautiful large color images taken by
the HST. The latest Hubble images are on the web at http://
oposite.stsci.edu/pubinfo/latest.html. If you would like a high
resolution version, ﬁnd out the year and the number of the
photo, then go to http://oposite.stsci.edu/pubinfo/tiff/ where
they are all stored. (Warning: some of the larger images may
take many minutes to download.) I download our images
using Netscape by telling the ﬁle to save as source, not text.
If you locate a web page that has an image you know is
available for use without violating copyright, you can access
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that image by typing in the website for just that image. To
ﬁnd what that is, go to ‘Page Info’ under ‘View’, after you’ve
ﬁnished accessing your current page. A window will open
with the names of all of the images used for that page. Highlight the image you want (it may take some trial-and-error to
ﬁnd the correct image) and paste it into your location and
hit return. You should arrive at the image (usually a jpeg or
gif ﬁle), which you can now save.
Other sources of free astronomical images:
• (ESO) at http://www.eso.org/outreach/press-rel/ (give credit
to the European Southern Observatory).
• The Very Large Telescope has an index of images at
http://www.eso.org/outreach/info-events/ut1ﬂ/astroimages.html
• A NASA/JPL index of images (incomplete) is at
http://photojournal.jpl.nasa.gov/
3. Then, of course, there are images you can buy. The company that we use the most is PhotoDisc; they are on the web
at http://www.photodisc.com/index.asp We’ve bought many
of their disks with images; this entitles you to not only use
the images in your shows, but also in marketing. You may
even sell the shows and include the
images in your show package. For
a high-resolution image, or a CD
of medium resolution images, the
cost is about $200-$300.
The next step is sizing the
image.
Sizing the Image

Figure 1. The original
There are many programs available image, borrowed off of a
to manipulate images, but the most web site.
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Change your canvas size, but only make it larger than your
original image (ﬁgure 2). If you wind up with an unnecessarily large number of pixels (several thousands of pixels), you
can reduce the image size easily at any point by selecting
image size under the Image menu.
Altering the Original Image.

Figure 2. Changed canvas size to create correct slide dimensions and
room for mask.
common seems to be Photoshop, which can be used by both
Macs and PCs. Start by opening Photoshop, and before you
open your newly aquired ﬁle, select black as your background color. (Use the Window menu and go to ‘Palettes,’
and select ‘swatches.’ Click on the black swatch, and then
switch your foreground and background colors on the tool
menu.).
Open your ﬁle. If Photoshop can’t ﬁnd that ﬁle, tell it to
‘open as’ and give it the appropriate format to look for (such
as tif, jpg, gif, or eps.)
If you only want to use a small portion of the image, you
can start by cropping your image down to just that part.
There are various ways to do this, depending on which version of Photoshop you have. In most current versions, you
select the cropping tool, which is one of the options in the
rectangular select tool in the tool menu. Then select the part
of the image you want to use (and give yourself some extra
space around it for your mask), then hit return.
Increase your canvas size under the Image menu. If you
have a nice image of a galaxy that completely ﬁlls your
screen, you may want a bigger canvas to allow more room
for your mask to fade from clear to opaque. Also, your image
may not be in the right dimensions for a slide, which is 2:3.

Are you going to need to make substantial changes—such
as altering the colors, changing the contrast, or adding text?
The most frequent change I make is altering the contrast
and brightness (ﬁgure 3). If I have a lovely nebula photo, but
the background sky is bright and is going to be difﬁcult to
blend into a true black, I increase the contrast and lower the
brightness until I have an image (hopefully still as detailed
and beautiful) that can be easily masked. (Brightness and
contrast are both options under the ‘Adjust’ selection of the
Image menu.)
The second most frequent change I make is to replace individual colors in the image (also an option under the ‘Adjust’
selection of the Image menu.) I use this when an image was
created for a white background, and many of the details are
in black.
Finally, another common alteration is to turn a simple
black-on-white image into a white-on-black image. Use the
Invert option under the ‘Map’ selection of the Image menu.
After you’re done with these changes (or while you’re
experimenting), you will need to start working on your
mask.
Making the Mask
Save your work so far, as a different ﬁle name from your
original image, in case you need to start over.

Figure 4. Added new layer with mask shape.

Figure 3. Altered contrast of original image to make masking easier.

I keep the original image on the bottom layer, and create
a mask on an upper layer (ﬁgure 4). Create your new layer
by selecting Show Layers under the ‘Palette’ option of your
Windows menu, and clicking on the little page at the bottom
left side of the Layers window. Whichever layer is highlighted
is the layer that you are working on, and you can turn visibility of the layers off and on by clicking on the eye in the
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Layers window. If it won’t let you add another layer, you may
have to change the Mode menu selection from grayscale or
index color to RGB.
I usually start by using the magic wand tool in the bottom
layer to select most of the areas that I would want masked
out, then click on the upper layer and ﬁll those selected
areas with black. (Fill is a command under the edit menu;
make sure you ﬁll with black.) Frequently, there will be holes
in my selection, or areas that are difﬁcult to select. I will use
a box or elliptical tool selection to ﬁll those in with black. I
try to get as close to the outline of the image as possible.
Sometimes, the magic wand tool isn’t any help. If I have
an astronomical object, I can simply use multiple elliptical
tools (use it once, then hold the shift key down to allow you
to continue to add to your selected areas) to select the area
that I want to be seen. After I have an outline of the nebula,
galaxy, etc., I use the Inverse command (under the Select
menu) to get an outline of the area that I want ﬁlled in with
black. Again, make sure you ﬁll in on your mask layer, not
your original image.
If you’ve covered up a few details that you want uncovered,
you can simply use your eraser tool (double click on it to
select the size of your eraser) to erase part of your mask.
After the mask is fairly complete, I click on the mask layer
and do a gaussian blur (ﬁgure 5). (Gaussian blur is one of
the options under the ‘Blur’ selection of the Filters menu.)
The amount of blur changes for each image. An elliptical
galaxy may look best with a large blur, fuzzing the edges
almost to the edge of the slide. People who are on a white
background may only need a blur of 1 pixel; more might
make blurry people with white halos around them.
Saving your files.
I then save three ﬁles. The ﬁle I’ve been working on, with the
various layers, is a Photoshop ﬁle. I also save the ﬁle, with all

Figure 5. Changed mask layer with a gaussian blur for final slide
image.
of the layers visible (each layer has an eye on it) as a copy,
formatted as a tiff ﬁle. (It will tell you it is ﬂattening the
layers—that’s ﬁne.) Finally, I save a third ﬁle (the mask) as
a copy, format tiff ﬁle with only the mask layer visible. I put
them on a large cartridge, like a zip disk or jaz cartridge,
Printing the slides.
You’ll want to take your image ﬁles to a photo place that
has a ﬁlm recorder with pin registration. (There are some
planetariums out there that have invested in their own ﬁlm
recorder.) The cost for printing each image ranges from $3
to $12 depending on the turn-around time. There are companies on the web, whose prices are reasonable and to whom
you can send your ﬁles over the internet. (They will fed-ex
your slides back to you.) Your ﬁnal slides should have a perfect mask for pin-registered slide mounts, and the color and
the quality should be excellent.
Sometimes, the mask needs to be clearer than what color
ﬁlm can provide. Unfortunately, Kodalith won’t work with a
ﬁlm recorder; the speed of the ﬁlm should be 200. For those
occasions (usually slides going into allskies or zoom projectors) I’ve occasionally asked our photo store to print the slide
on Agfa Scala ﬁlm instead of color ﬁlm. I’ve received the ﬁlm
back in rolls and mailed it to a company in California where
it has been developed and returned to us. Most of the time,
it works wonderfully, but we have had occasions where the
edges were too sharply developed.
Conclusion...

Figure 6. Final mask layer by itself.
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The drawbacks include the cost and the availability of a photographic business with a pin-registered ﬁlm recorder. As
the visual mediums are increasingly becoming digitalized, it
seems the way to go.
✹
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“Navigating with Lewis and Clark.”
Creating a Planetarium Program: A Case Study
Eileen M. Starr, Ph.D.
Valley City State University, 101 SE College Street, Valley City, North Dakota 58072, USA
Phone: +1 (701) 845-7522 Email: Eileen_Starr@mail.vcsu.nodak.edu

Introduction
The celebration of the two hundredth anniversary of the
Lewis and Clark expedition up the Missouri River and across
the Rocky Mountains to the Paciﬁc Ocean will occur in three
years. The public has already shown considerable interest
about learning more about this expedition.
I have photographed sections of the Lewis and Clark Heritage Trail for eight years. I commute between Spokane,
Washington and Valley City, North Dakota to teach earth
science and geography at Valley City State University, as well
as to have fun as the Planetarium Director. Each December
I visit Cannon Beach, Oregon, where Lewis and Clark investigated a beached whale. I enjoy history and astronomy. The
bicentennial of the Lewis and Clark Expedition was a wonderful opportunity for me to combine all of my interests, and
to create a planetarium program on the topic of their use of
celestial navigation. This paper describes the decision-making that went into creating and producing the “Navigating
with Lewis and Clark” planetarium presentation.
Script
My ﬁrst step was to read several condensations of the Lewis
and Clark Journals. This reading included the three volume
set by Elliot Coues entitled The History of the Lewis and Clark
Expedition, DeVoto’s The Journals of Lewis and Clark, along with
Ambrose’s Lewis & Clark: Voyage of Discovery. However, the
condensations do not include many of their astronomical
observations. The original Lewis and Clark journals contain
many references to the astronomy that the Corps of Discovery used to determine where they were. I read the original
journals, noting all of their astronomical measurements.
The next decision was how much information should I
include about the deﬁnitions of latitude and longitude? Longitude, especially, is rather abstract. I also had to become
familiar with celestial navigation, and the techniques that
were used at the beginning of the nineteenth century. I
spent a summer reading books like Dava Sobel’s Longitude:
The True Story of a Lone Genius Who Solved the Greatest Scientific Problem of His Time. I purchased a sextant and an artiﬁcial horizon, and learned how to use them. Once I had the
information I needed, I then sought to create an interesting
way of conveying all of this information to the public. I put
everything into a preliminary paper, which was a planetarium show lasting three hours.
The next step was to condense the material — making the

decision to start with a short explanation of the techniques
of celestial navigation, and then repeat those techniques as
we followed the route of Lewis and Clark. I envisioned the
ﬁnal production as being a travelogue with examples of their
methods for ﬁnding their location interspersed within the
trip. My goal was a 30-minute presentation. The ﬁnal narration was 29 minutes and 32 seconds.
Music
I had the music planned in my mind. I wanted authentic
period music. There was at least one ﬁddle transported along
on the expedition so I contacted our local Chamber Orchestra to ﬁnd the name of a least one ﬁddler who might be interested in the project. Although I tried for six months or more to
establish a ﬁddle contact I didn’t have much luck. By chance,
a compact disk entitled “Lewis and Clark” arrived at our local
historical society, where I am a Board Member, and everyone
knew of my plans to produce a planetarium program. The
CD came from a recording company called Mikoche, located
in Bismarck, ND. When I played that CD I knew that here
was the music that I had been picturing in my mind. When
the program talks about Lewis and Clark meeting the Teton
Sioux, there is Sioux music in the background. When the segment about Ft. Mandan is presented, there is Mandan music.
The background music is music that was known at the time of
Lewis and Clark. Some additional music comes from “People
of the Willows,” also recorded by Mikoche. This music is perfect for preshow music to set the mood. Both CD’s will be
included in the planetarium package. What a ﬁnd!
Narration
The problem with visualizing the program in your head is
that you know what you are looking for. What if you can’t
ﬁnd it? Mikoche, who handled the audio production, sent
me one sample of a narrator that I did not like. He sounded
like a minister. He was. I planned to stop in Bismarck in
January before making my way to Washburn, ND, and Fort
Mandan to do an astronomy presentation during a camp out.
Yes, a camp out in tents at minus 12 ˚F (–24 ˚C). I slept in a
warm motel. Mikoche just happened to have another potential narrator coming in that afternoon. I liked him, and we
recorded the narration on site. Luckily the sound designer
at Mikoche, David Swenson, knew what I was looking for, and
in an hour and a half, Doug Johnson recorded the narration.
The mix of music and voice is wonderful.
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Travelogue Slides
To date, I have about 1200 pictures taken during my travels
along the Lewis and Clark Trail. I used Seattle Filmworks ﬁlm
because I was able to obtain both slides and pictures from
the same roll of ﬁlm. When taking the photos, it was a challenge to ﬁnd scenes without modern buildings, houses, or
people. As the Trail is improved for tourism, such shots will
become harder to ﬁnd. I have a few aerial shots of the trail.
How I obtained them is interesting. One Thanksgiving, while
returning to North Dakota from Spokane, I was booked on
a roundabout route, via Seattle, and Portland. Much to my
delight, the ﬂight from Portland paralleled the Columbia
River, and I was sitting on the correct side of the plane to
photograph the Columbia gorge, the conﬂuence of the Snake
and the Clearwater Rivers at the Idaho-Washington border,
and all of the Bitterroot mountains from the Clark Canyon
Reservoir to beyond the Lolo Indian Trail. Again, what luck!
Kodalith Slides
The “Navigating with Lewis and Clark” planetarium presentation uses a number of visuals, which are best projected
as Kodalith slides. Because the production of this show is a
one-person operation, I pondered how to best provide these
slides. It was impossible to shoot them for duplication. What
we’ve done is provide a black on white picture in the duplicated slides, but I’ve included all of the Kodalith masters so
that those of you who want white on black can make your
own. We use gels to color our slides, but you may prefer to

hand color them.
Slide Projectors
Originally the show was presented using three carrousel
projectors. During the ﬁeld test the audience indicated that
they wanted more slides. Upon further inquiry, it became
obvious that the slides that the audience wanted were maps
showing where Corps of Discovery traveled. Because all three
slide projectors were full (80 slides or blanks in each), it was
decided to dedicate a fourth slide projector to just maps and
other informational-type slides. The audience could then
follow along as to where places like Ft. Mandan or Lemhi Pass
are located. Of course, the user can change the show to ﬁt
local needs.
Availability
“Navigating with Lewis and Clark” will be available this
coming autumn. The cost is tentatively set at $499. This
includes a script, slide placement for a four slide projector
show, pictures and descriptions of the slides provided, either
a CD or audio tape of the narration, installation instructions, Kodalith masters, and a number of student activities
to demonstrate how celestial observations can be used to
determine one’s place on Earth.
All of the “proﬁts” from the sales of the show will be given
to the Valley City State University Foundation to be used to
upgrade our 1972 planetarium facility.
✹

ATM-4 Automation Workshop
Dr. Garland Stern and Joyce Towne
Spitz, Inc., P.O. Box 198, Route 1, Chadds Ford, PA 19317, USA
Phone: +1 (610) 459-5200 Fax: +1 (610) 459-3830 Email: Gstern@spitzinc.com; Jtowne@spitzinc.com

Over two dozen colleagues participated in Spitz’ two hands-on automation workshops. Working in pairs, participants experimented
with the software and created a short show controlling slides and laser disc sequences.
ATM-4 is a theater automation system for scripting and
playback of multi-media productions. It is in use at numerous theater sites around the world including simple planetaria and more complex ElectricSky™ theaters. The system
encourages off-line programming of shows, and a hand-held
4-button RF transmitter is often used to start and stop
sequences during live shows from anywhere in the theater.
ATM-4 can control any serial devices (through RS232 or
RS422 connectors). No interface boxes are used between
the control console (PC) and the ﬁnal devices under control
(with the exception of special effects).
The Windows®-based system allows users to easily enter
show cues by clicking the mouse on a particular “track”, at
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the intersection of a device and a time. Devices for each particular theater are conﬁgured into the software before delivery, but users can customize device tracks (add, delete or
rearrange) at any time. (See Figure 1, facing page.)
The top track, called the Control Track, is used for cues
affecting the entire show (such as Pause and Clock cues).
Comments (called Tags) entered on the Control Track will
brieﬂy appear during show play-back making this a good
place for important instructions or listing facts for use in a
lecture.
Standard Windows shortcuts such as cut-and-paste, copy
and undo can be used with cues or groups of cues. Cues
can be moved to a new location on their track (to a different
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Figure 1. A typical ATM-4 window with cues added.

Figure 3. A section of the Manual Control
Window.

Figure 2. ATM-4 window with cues modified.
time) by clicking and dragging with the mouse. Cues such as
fades can be lengthened or shortened by “rubber-banding”
— grabbing the right side of the cue block, and pushing or
pulling it to a new length (Figure 2).
Devices can be addressed individually or grouped together
and addressed as a set (i.e. all-skies or panoramas, or full-

dome video projectors, banks of cove lights, etc.)
In addition to the main ATM-4 window used for show creation, there is a “Manual Control Panel” accessible from the
pull-down menu (Figure 3). The results of using it are the
same as manually controlling a device by knob, slider or
switch. This panel can be used at any time, including while a
show is running.
A Device Status Window
(Fig. 4), also accessible
from the pull-down menu,
displays
information
about the current status
of all controlled devices
in the theater at a particular time. This can also be
modiﬁed and rearranged,
depending on user preferFigure 4. A section of the Device ence and the devices used
Status window.
for particular show.
✹
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Show Production for Immersive Video
Brad Thompson
Spitz, Inc., P.O. Box 198, Rt 1, Chadds Ford, PA 19317, USA
Phone: +1 (610) 459-5200 Fax: +1 (610) 459-3830 Email: bthompson@spitzinc.com

This paper chronicles the production of two major shows for immersive video theaters. “Oasis in Space” is a bottom to top remake
of the popular Spitz production featuring a 3D rendered solar system tour. “PopMania” is an evening entertainment feature incorporating laser graphics and all-sky imagery as well as 2-D and 3-D animation. Production techniques for the shows are outlined and
recommendations are made for future productions utilizing immersive video systems.
Introduction
In mid-1998, Spitz, Incorporated’s engineering and production teams set about the creation of two major motion pictures for ElectricSky Theaters. Oasis in Space is based on
an earlier Spitz audio-visual production, but has been completely rewritten from the ground up to take full advantage
of the new Immersive Video medium. Oasis in Space is approximately 25 minutes of 100 percent original 3D computer
animation created at Spitz, and has an original musical score
recorded in a 5.1 surround format.
PopMania is an evening entertainment show now playing at
the City Dome at Science City in Kansas City, Missouri. The
show takes the audience on a roller coaster ride through the
fads, fashions, and follies of the last one hundred years. It’s
also approximately 25 minutes and it contains nearly every
type of media imaginable: historical ﬁlm, original video,
store-bought and original clip art, digital still imagery, 2D
and 3D animation, all-dome laser, and all-sky slides. PopMania’s soundtrack is a combination of licensed popular
music and original orchestrations. The show is a joint Spitz/
Science City production and the ﬁrst in a series of entertainment-oriented shows being offered as part of City Dome’s
evening programming.
Since numerous new theaters are choosing to incorporate
Immersive Video and many IPS-2000 attendees will eventually have the chance to be involved in the show production
process for this new medium, I’d like to share with you some
of the obstacles and challenges that our production department experienced during the creation of these shows and
how we overcame them. I’d also like to share some general
thoughts on the future of Immersive Video production.
The Big Picture
Before I go into detail about each show, I’d like to brieﬂy
mention some of the larger issues that we had to deal with for
both shows. From my perspective as a digital animator, one
of most immediately obvious obstacles to creating immersive content was a lack of efﬁcient, professional quality, production-ready tools for creating motion video in this unique
format. Spitz had been experimenting with different production techniques prior to, and in the early days of my employment with the company.
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With the invaluable assistance of our software development team, some of these techniques evolved into useful
tools, such as the ﬂat screen geometry correction ﬁlter that
we call “BillBoard”, but most of these tools were geared
toward the reformatting of existing material. We still didn’t
have an efﬁcient way of producing original animation for this
format. This need led to the development of two new tools,
the ConGLOMerator™ image stitcher, and the ImmersaMax™ immersive raytracing engine for Discreet 3D Studio
Max™. These tools, ImmersaMax™ in particular, became far
and away the most valuable software tools in our production
arsenal for both Oasis in Space and PopMania.
The second challenge that we had to overcome was less of a
technical hurdle, but no less difﬁcult: ﬁguring out just what
it would take to produce a high-caliber show in this format.
Immersive Video is a completely new medium that requires
an entirely different set of production skills than the typical
multimedia planetarium show. The technologies, timelines,
and, unfortunately, costs for Immersive Video production
are much more closely related to ﬁlm, video, animation,
and effects production than to traditional sky show production. Furthermore, when you consider the visual similarity between Immersive Video and regular cinema, and
then think about the level of sophistication that cinema has
attained, it becomes clear that audiences are going to have a
certain level of expectation about production values that are
far beyond what most in the planetarium industry are accustomed to delivering.
We did our best to make sure that everyone involved
understood that our shows were major undertakings and
would require a level of commitment beyond that of any of
Spitz’s previous production efforts. We also made sure our
core team was made up of creative media production professionals. Any interest that they may have had in planetaria
or astronomy was of secondary importance to their creative
and technical abilities. Admittedly, some of our teammates
had a difﬁcult time grasping the dome environment initially,
but everyone rose to the occasion in the end.
PopMania
PopMania began in early 1999 with a series of brainstorming
sessions with members of the Spitz Creative Media Team, our
production partners, and a small creative team from Science
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City. At the time of these meetings, there were no Immersive
Video shows in existence outside of brief corporate technical demonstrations. Imagine a group of artists from different backgrounds discussing what to collectively paint on a
blank canvas, when not one of them has a really clear understanding of what “canvas” is and most aren’t even sure about
“paint”. Communication was difﬁcult and we often had to be
overly descriptive when describing our ideas until a common
language was formed.
Film has had nearly one hundred years to build its vocabulary. If I say “I want to see a close up” to a ﬁlmmaker, he
can instantly understand that I’m asking him to ﬁll the available frame with the subject matter. If I say the same thing
to an ImmersaVision animator dealing with a 200 degree
ﬁeld-of-view that contains the entire peripheral vision of the
viewer and has no speciﬁc frame, what exactly does “close
up” mean? To effectively deal with this, we were forced to
create a common language by descriptively deﬁning terms,
which we then illustrated and posted on a private web site
for the entire team to reference. Once this was done, it
became much easier to discuss our ideas and paint accurate
pictures in the minds of everyone on the team. Tasks were
then assigned, scripts were written and revised, and after
many approval iterations, visual pre-production got underway.
Visual pre-production and art direction proved to be
another major challenge. How can we incorporate the massive amounts of ﬁlm- and video-based historical footage
into our show while maintaining a consistent look, and still
exploit the immersive nature of the format in which we
are working? Ted Artz, our art director, discussed this problem with several of us and then compiled everyone’s ideas
into another website, giving each idea a speciﬁc name like
“mapped geometry,” “roto-matted elements,” or “video-wall
style” so as to further the idea of a common language. Most
of the solutions involved ways of giving the footage an environment or context that was related to the theme of the section. Mr. Artz also played a key role in creating an overall
visual style for the show. This attention to visual style is what
helped to pull all of the individual sequences together into a
cohesive whole.
An essential part of all client/producer arrangements is
approval stages (stop groaning, I can hear you!). This ensures
that there are no surprises and that everyone is satisﬁed
with the product in the end. Here we ran into another hurdle
— Science City and Spitz, Inc. are half way across the country from each other and visual ideas don’t translate that well
over the telephone. We decided to harness the power of the
world wide web by putting storyboards and animatics on a
private web site for early approvals. This worked amazingly
well. Everyone had a clear, up-to-the-second idea of where
things stood and what the latest evolutions were.
Final approvals turned out to be much more difﬁcult.
Because our show production was happening concurrently
with the construction of the client’s theater, there was no
way for the client to view the high resolution material in its
native format. Our only option was to send VHS tapes to Sci-

ence City containing the video content in a 10:3 aspect letterbox format. Though it was useful for previewing speciﬁc
video content, in the end, this method proved largely unsuccessful due to the fact that we had to rely on the client’s ability to view a tiny low-resolution video image on a ﬂat monitor
and imaginatively extrapolate what it would look like at high
resolution on a curved screen 60 feet across complemented
by lasers and slide imagery.
We understood how difﬁcult this would be for the client
(or anyone) to visualize, but since they were extremely busy
with the construction of their museum and we were on an
extremely tight schedule, ﬂying back and forth to our test
dome simply wasn’t an option in this case. Because of this
sub-optimal ﬁnal approval method, the opening of PopMania was delayed until we had the opportunity to make some
mutually agreed upon revisions to the show. The bright side
is that the delay gave us time to make some improvements
that resulted in a much better show overall, and since Science City’s theater was now up and running, approvals on
the changes could be viewed in their native format.
Every show ever produced has had to deal with the problems of not enough time and not enough money and PopMania was certainly no exception. Even though our budget was
higher than that of the average planetarium production, it
was not even close to a proper ﬁlm budget. This forced us
to do what planetarians have always excelled at — become
resourceful and stretch the available budget. We made deals
with stock footage houses because of Science City’s notfor-proﬁt status and because we licensed enough footage to
merit a steep discount from standard rates. The “documentary” nature of our show helped us in that respect as well.
Due to the sheer volume of work and tight deadline for this
show, we had to seek help from independent contractors who
also generously reduced their prices for the opportunity to
work on such a unique project. We worked closely with Audio
Visual Imagineering on the design and integration of laser
animations into the show, and they too were tremendously
supportive in helping us to push this new medium to its
practical limits.
With an initial list of over 70 songs to license, which in
the end was whittled down to about half that number, music
clearance was also a huge issue. Initially, we considered handling it ourselves, but we quickly realized that it’s truly a
daunting task and would have been a full time job for someone. We were lucky enough to ﬁnd a professional music
licensing agency to handle this for a much smaller fee than
the big clearing houses in New York. They did a great job and
gave us a much more personalized level of service.
PopMania is a show that is based on historical imagery,
footage, and music. All in all, there were approximately 400
gigabytes of 2D and 3D animation data and source stills;
we previewed over 50 hours of source video, 45 minutes of
which eventually made it on to the screen; there were about
35 cuts of licensed music in addition to original composition
and a custom-produced PopMania theme song with original
lyrics and music. As you can see, we had a huge number of
assets to manage.
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To complicate matters further, these assets were spread
among seven different groups of video editors, animators,
musicians, laserists, and artists at various locations. Much
of the early production test work that we did before beginning PopMania was invaluable for sorting out problems of
software and hardware compatibility; how to transfer large
amounts of data from one place to another; how to archive
source material; etc. These are all things that need to be
determined before any serious production work begins and
before any subcontractor agreements are signed.
Oasis in Space
Oasis in Space is still in production as I type this paper,
although it should be completed by the time of the Conference. I haven’t had time to develop the same kind of postshow perspective that I have for PopMania because our team
is still in the thick of production. Oasis in Space is 100%
original 3D computer animation and it’s being produced
entirely in-house, with the exception of the score and a few
scenes that we’ve handed over to subcontractors in order
to save time and build relationships. Although doing it inhouse means a longer production schedule, it allows us to
avoid many of the organizational, logistical, and continuity
issues that required so much attention during PopMania, as
well as giving us tighter control over the level of quality of
individual sequences. There have really been very few obstacles in the production of Oasis in Space thus far. I feel that
we worked out most of the kinks during the production of
PopMania and things are ﬂowing much more smoothly now.
Most of the snags that we’ve run into during Oasis in Space
production have been technical issues. Production for Oasis
actually began before PopMania and many of the animation
clips were either ﬁnished or partially ﬁnished during the
early days. When PopMania became a “hot” item, work on
Oasis came to a screeching halt for 8 months. As anyone in
the computer industry will attest, 8 months is an eternity in
silicon years and during this time, a major update to our animation software was released. We made the switch to the new
software and this caused a few technical problems. Some
of our older unﬁnished scenes looked different or wouldn’t
translate properly to the new software and we had to recreate them. We had to update and troubleshoot our immersive renderer for the new version. Some features that we had
come to rely upon were abandoned in the new software, and
on top of all this, moving to new software meant a new learning curve.
On the plus side, the new animation software opened up
new features to us and productivity was eventually improved
through several workﬂow and interface enhancements incorporated in the new software. Making the switch also allowed
us the opportunity to familiarize ourselves and to isolate,
document, and correct issues with the new software inhouse so that we are in a better position to give support to
other production partners who are going to be making the
upgrade.
Because Oasis is being created from scratch, storyboards

138 ✹ IPS 2000 Conference Proceedings

and animatics were very important in the early stages. Many
of the effects in Oasis in Space are very complex and doing
the boards helped us to plan how to technically accomplish
each scene. Anyone who tells you that creating photorealistic planets is just a matter of texture mapping a sphere isn’t
working at the level of quality for which we are aiming. After
creating three sets of storyboards, we assembled them into
an animatic. We also used any test renders, stills, and preview or test renders we had available. The animatic helped
us to understand the overall ﬂow of the show and, combined
with a scratch vocal track, allowed us to nail down speciﬁc
timings for each segment, thereby focusing and reducing the
amount of later animation work that needed to be done.
Much to our chagrin, time and work estimates proved to
be much more difﬁcult for Oasis in Space than for PopMania.
Time estimates for PopMania were fairly straightforward, but
Oasis has been complicated by many factors. Our rendering
power has been growing as we add more nodes to the render
farm; the script has been evolving; we had new software; we
upgraded some of our production equipment; and we hired
and trained another animator. All these factors combined
to make labor estimates almost impossible. Thankfully, all
the things that added time to the production were offset by
things that improved productivity or went more smoothly
than anticipated, and now that we’re nearing the end, our
time estimates seem to have been fairly accurate.
Summary
Immersive Video is here to stay and it’s changing the way
shows are being produced. The creation of a cutting-edge
planetarium show now requires the new diverse and specialized talents of professional digital animators, video producers, editors, composers, and script writers who understand
the dome environment, working together with the researchers and scientists who have traditionally been involved with
planetarium production. The classical model of the lonely
planetarian/artist/scientist “one-man production team” is
giving way to more efﬁcient and focused teams of specialists.
PopMania and Oasis in Space have been learning experiences
for everyone involved.
The Immersive Video format that Spitz has chosen to focus
internal production efforts on is our own 200 degree by 60
degree partial dome “ImmersaVision-200™” format. Moving
from this format to a full-dome format is technically a very
small step, but doing so represents much more than a twofold increase in production costs to maintain the same level
of production values. We have no doubt that the future is
full-dome, but we believe that our partial-dome format is
currently the most high-impact, cost-effective choice for
most planetaria. As hardware speed increases and software
becomes more powerful and ﬂexible, the cost for producing a
full-dome show will fall to the same neighborhood as today’s
partial dome productions.
The production pipeline that we developed for PopMania
and Oasis in Space is scalable to full-dome work. Our tools
and workﬂow, as well as the format itself, are built with an
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eye toward the future. Changing the output of our immersive renderer to a full-dome format is just a matter of entering different numbers into the output settings dialog box.
Converting an ImmersaVision-200™ show to run on a
full-dome system is just a matter of running a relatively

simple post-process on the video frames. This means that
budding production teams and planetarians who choose to
use our tools, adopt our workﬂow or embrace the ImmersaVision-200™ format will be positioned to take the next step
to ImmersaVision-360™ full-dome video.
✹

The Application of Computer Multimedia Technology to
Planetarium Sky Shows (Poster)
Zhang Xuekui
Beijing Planetarium,138 Xi Wai Street, Beijing 100044, People’s Republic of China
Phone: +86 10-68345302 Fax: +86 10-68353003 Email: zhangxuekui@163.net

With the help of an overhead projector installed in the space theatre, what is shown on the computer screen can be projected on
the dome. We employ computer multimedia technology to make sky shows more vivid and more visual, giving a new way to show
the sky. Multimedia computers synthesize the newest technology of computer software and hardware, and make the production of
programs easy and simple for employees of the planetarium.
In the space theatre, the projector is essential equipment for
sky shows: it shows us visual content vividly. The development of computer multimedia software and hardware technology opens up new possibilities to make our programs
even more wonderful and varied.
1. Making 2D animations with multimedia software
Multimedia software (for example Adobe Director and Macromedia Flash) make it easy to create 2D animations. The
title of a program is usually displayed at the start of the sky
show: we can use 2D animation to highlight the program’s
content and to make the titles come to life. As an example,
for the title animation to our “Nebulae, Star Clusters and
Galaxies” program, we combined photographs of a nebula,
a star cluster and a galaxy with multimedia software, then
rotated, scaled or moved the images, and added the title
text. The audience was excited and seemed to appreciate the
beginning of the program.
2. Displaying photographs with multimedia technology
In sky shows, we often display images with slide projectors.
With an overhead projector, not only can we use multimedia software to show the images on the dome, but we can

also apply transitions (for instance cover, dissolve, push and
strip, etc.) between one image and the next.
3. Adding text to images
Displaying text along with pictures can enhance the impact
of the sky show on viewers. For example, when introducing
the observation and photography of nebulae, star clusters
and galaxies, a live picture is shown and text displayed,
to help the viewers remember and master the notions presented. In educational programs, we use the same method to
show chapters and sections, to help the students follow the
line of thought.
4. Advantages of multimedia technology
The use of multimedia technology has many advantages: it
allows more variety in sky shows and makes the program
creation process easier; images can easily be modiﬁed; and
there is no need to make slides which degrade or become
damaged.
The above examples highlight some of our efforts to use
multimedia technology in our sky shows. Witness the results
for yourself: come to Beijing and visit the Beijing Planetarium!
✹
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The Development of the Modern Planetarium
Tony Butterfield
Burke Baker Planetarium, Houston Museum of Natural Science, One Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4630 Email: tonyb@hmns.org

Introduction
The night time sky is man’s inﬁnite mystery.
Astronomy is the oldest science known to man. For thousands of years he has tried to recreate the night time sky so
that it can be studied to understand what role in the vast
cosmos our planet Earth plays and how it came to be. Today,
in cities, museums, and schools, people of all ages visit their
local planetarium.
There are names in astronomy like Copernicus, Galilei,
Kepler, Newton, and Herschel who have made great discoveries to answer questions about the night sky. They have
showed us that the wanderers are planets just like the Earth,
they travel around our closest star, the Sun. Our Sun is
just one of billions of stars in our galaxy. Astronomers tell
us our galaxy is just one of billionsof galaxies in the universe. Throughout time astronomers have built models to
explain their theories and educate people about their discoveries. These models have developed over time to explain
our understanding of how the night sky works.
I have designed the web site www.planisphere.com to give
a historic overview of the modern planetarium. If you have
an interest in learning more about astronomy or a planetarium in your area go to www.ips-planetarium.org to ﬁnd more
useful information.
Early planetarium-type models were mechanical, run by
clockworks, and represented an outsiders view of our solar
system. Other models were globes which tried to paint a picture of what the sky looked like on a clear starry night. The
modern projection planetarium combines both mechanical
clocks and a half-globe dome theater.
Early Planetariums
Celestial Globes
Farnese Atlas: Probably the oldest preserved globe is now
at the National Museum of Naples. The statue of Atlas is
dated 73 B.C. The position of the constellation ﬁgures to the
globe’s equinox date the globe itself to 370 B.C.
Ptolemy’s Celestial Globe (AD 150): No globe has been
found, but detailed notes its on construction have.
Persian Celestial Globe (AD 1362): Celestial globes were a
part of Arabian and Persian astronomy; construction was of
brass and inlaid silver disks were used; measured 6.4 inches;
located at the Museum of the History of Science, Oxford.
Celestial Globe of Tycho Brahe (AD 1584): Covered with
brass and a wood interior measuring six feet in diameter;
destroyed by ﬁre, 1728; outer surface divided by circles to show
degrees and minutes and stars visible with the naked eye.

A disadvantage of earlier globes was that they showed the
sky in reverse, the observer could only view the stars as seen
outside the planetsphere.
Planetspheres
The Gottorp Globe (1654-1664, rebuilt 1748-52): One of
the earliest attempts to depict the stars from an earth-based
view, or within the planetsphere, was a hollow globe of 10
feet in diameter made of copper designed by mathematician
Adam Olearius.
The exterior of the globe had engraved continents and
oceans. It was mounted on an angle with an entrance door at
the Indian Ocean. As many as ten people could crawl inside
and sit on a bench. The interior had painted stars and constellation ﬁgures for the epoch A.D. 1700. It is now on display at the Lomonosov Museum, St. Petersburg, Russia.
The Atwood Celestial Globe (1912-13, remodeled 1959):
At 15 feet it is the largest hollow star globe still in operation
today; it can hold 17 people. Located at the Chicago Academy of Sciences, the wooden sphere has 692 holes drilled
different sizes to represent faint stars down to fourth magnitude. The stars as seen on the inside are lit by the light
from the outside, and an electric lamp representing the sun
can move across the sky along a groove in the globe. Located
in Chicago, there is a painting of the city skyline along the
horizon on the interior. After it was remodeled, the exterior
was painted to depict the geo-physical surface of the earth.
Mechanical clocks and “orreries”
Built with gears, chains, and cranks these machines represented the known movements of the solar system.
The writings of Cicero (106-43 BC), De Republica, refer
to a machine which might have been fabricated by Archimedes (287-212 BC) in the city of Syracuse. The machine
was a globe-mechanism that showed the motions of the Sun,
Moon, and the ﬁve wanderers.
The Antikythera Mechanism (87 BC), found by divers off
the coast of a Greek island is believed to be from a ship that
sank 2000 years ago.
Huygens’ Planetarium (AD 1682), the ﬁrst accurate orrery:
Heliocentric design, driven by a clockwork mechanism with
a coil spring and crankhandle; the ratio for Saturn was
77708431:2640858 or gears with teeth 206:7. The orbits of
the planets were offset to show their elliptical motion. It is
now located at the History of Science Museum, Leyden.
A new concept showed a model Earth-Moon-Sun system
that could demonstrate solar and lunar eclipses (1709). It is
currently at the Museum of the History of Science, Oxford.
The Copernican Planetarium (1923) had a hanging basket
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that a person could ride in around the room. The Sun was a
nine inch lighted globe. Six planets hanging from the ceiling
revolved around the Sun by electric motors. The Copernican orrery was partially destroyed during W.W. II. In America two similar ceiling orreries were built at the American
Museum–Hayden Planetarium, New York City, and at the
Moorehead Planetarium, Chapel Hill, North Carolina. Often
built by craftsmen, orreries were popular with the wealthy
to adorn libraries. One famous orrery builder was Thomas
Wright who had a business called “The Orrery and Globe”
(1750).

The Spitz Planetarium

The Wonder of Jena

The portable planetarium consists of an inﬂatable dome and
a small star projector. The smaller “Starlabs” as known by
their trade name have been a major revolution in the planetarium ﬁeld. The compact size and affordable price has
allowed countless school children to be introduced to the
night sky. Individual schools, school districts, clubs, and
museums can purchase several Starlabs and take them to any
location.

Astronomer Max Wolf came up with an idea to realistically
reproduce a starry night. In 1913 Wolf approached Oskar
von Miller, cofounder of the Deutsches Museum. Wolf suggested to Miller the idea of a device for the museum that
would show planetary motions and a realistic starﬁeld. Von
Miller contracted the optical ﬁrm of Carl Zeiss in the town
Jena. In 1919, chief design engineer Walther Bauersfeld from
Carl Zeiss came upon the idea of the projection of objects
in a dark room. By taking advantage of the work of Christian
Huygens’ mathematical calculations for orreries, and combining the idea of optical projection, the modern planetarium was created. A 16 meter dome was built on the roof of
the Carl Zeiss factory in 1923, where the ﬁrst star machine
Zeiss Model I was demonstrated. Star images are projected
by cone shaped lens supports. A hollow sphere housed a 200
watt lamp and projected 4,500 stars.
The Zeiss Model 2 (1924) was an attempt to create a star
ﬁeld from any latitude by using a dual hemisphere or “dumbbell” look. This added 8,900 stars down to magnitude 6.5
and used 1000 watt lamps. It included hand punched copper
foil star plates. Dusseldorf installed a Model 1, then replaced
it with a Model 2 in a 30 meter dome.
The ﬁrst planetarium to open in the United States was
the Adler Planetarium, Chicago (1928). Max Adler, after visiting Germany and seeing the “Wonder of Jena,” purchased a
Zeiss planetarium and donated it to the city of Chicago. The
second planetarium to open in the U.S. was the Fels Planetarium, Philadelphia (1933).
Because of W.W. II Russian troops occupied the town of
Jena and captured the Carl Zeiss factory. Allied troops evacuated top company personnel to West Germany prior to the
Russian invasion. The relocated company continued to produce star machines for the west while the factory left in East
Germany produced a similar star machine under the name
of Jena for the eastern-block countries. Imported from East
Germany, a Jena star machine was installed in Jacksonville,
Florida (1987). Since the reuniﬁcation of East-West Germany, Carl Zeiss-Jena have once again combined to form one
company.
Because of the extreme cost, the California Academy of
Sciences, San Francisco, designed and built their own optical star machine (1948-1952). They invented the concept of
a perforated aluminum dome, commonly used today.
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Spitz was called the “Henry Ford of the planetarium ﬁeld.”
Armand Spitz, while working at the Fels Planetarium in Philadelphia, which had a Zeiss star machine, wanted to build
a planetarium projector that was more affordable to schools
and museums. To avoid the expense of lens systems, Spitz
used pinhole projection to create a starﬁeld. His ﬁrst attempt
was a dodecahedron sphere constructed of pentagon shaped
plastic. The Spitz corporation was founded in 1949.
The Portable Planetarium

Planetariums Today
The planetarium that we know of today is a complex state-ofthe-art multimedia center. Computers operate automation
systems that control dozens of projectors, special effects,
audio and video equipment. Laser light shows and large
format ﬁlm like OMNIMAX have also found their way into
the planetarium dome. Although laser light shows offer little
educational content, they bring in money to make it possible
to provide many different educational programs.
In the mid-80’s the newest type of planetarium arrived in
Richmond, Virginia. Totally different from previous planetariums, it created images using a ﬁsh-eye lens, large computers, and a special CRT projector. The Digistar by E&S (Evans
and Sutherland) is taking planetarium educators into the
next century. The Digistar can project the stars for today’s
date, or 20,000 years ago, or as seen outside our galaxy.
Anything a computer can draw, such as CAD drawings, can
be recreated on a planetarium dome using the Digistar. The
only drawback was that the Digistar can only draw lines.
Computer generated solid objects would come 15 years
later.
Brevard Community College Planetarium director Mike
Hutton has designed another breakthrough in the planetarium ﬁeld: two star machines under one dome. When
construction ﬁnished in 1993, two of the world’s top star
machines were combined to created a high-tech educational
environment. The new planetarium uses Minolta’s multi-gimbal starball called “Inﬁnium” to project stars down to a magnitude so faint, an observer can use a pair of binoculars to
view objects not visible to the naked eye. To match optical
quality with computer technology, a Digistar projector will
join the Minolta Inﬁnium. Going beyond the earth-based
view provided by the Inﬁnium, the Digistar gives the appearance of space travel. This was also the site of the 1994 IPS
Conference.
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Another ﬁrst occurred in Columbus, Georgia, USA, at the
Omnisphere Theater located within the Coca-Cola Space
Science Center. The doors opened June 1996. The “OmniScan” laser system from AVI is tandemed with a Digistar II.
The “OmniScan” projects laser light through a ﬁsh-eye lens
much like the Digistar to create full dome laser scanning.
In the past laser projectors only scanned a small region
at a time. The “OmniScan” creates brilliant effects in any
color, complementing effects generated by the Digistar II,
the newest generation of the Digistar projectors. A prototype
of the OmniScan was demonstrated by AVI at the 1992 IPS
conference in Salt Lake City.
After years of advancing computer technology, CGI (computer generated image) graphics had made their way into
the planetarium. Mainly played back from Laser Disk video
players, these images only covered a portion of the dome.
Pan-tilt mounts could spin a video projector, but a large
continuous image would have to wait until the late 1990’s.
Goto made the announcement of their GOTOVISION full
dome system but never made a sale within the United States.
Spitz created the ﬁrst partial dome projection system to be
installed. Located in the Yukon Territory of Canada, the
system used three video projectors to cover an area in the
front of the room. The Houston Museum of Natural Science
installed SkyVision in December 1998. The SkyVision system
by Sky-Skan was a complete, full-dome projection method.
The Houston Planetarium renovated their theater with a partial view of the SkyVision system. The partial view used four
video projectors which covered an area of front left, front,
front right, and the view directly overhead. The partial view
is almost the same area that an OMNIMAX movie would
cover, but had the advantage of being geometrically correct.
Objects to a viewer’s left would be correctly displayed unlike
the stretched images used by OMNIMAX. The rear projectors were installed later to complete the full dome system in
May 2000.
The Chicago Adler Planetarium brought to the United
States the ﬁrst planetarium. In 1999 the Adler makes history
again with a new 40 million dollar expansion which includes
real-time full-dome video projection in combination with a
Digistar projector. Opening within days of the Houston partial view system, this system allowed the audience to interact
with the graphics displayed and in some shows determine
how the show would end. Houston and Chicago were separated by two different schools of thought and became the
modern version of the “live versus taped” debate. Chicago
used its real-time system to create a live experience. Houston
produced the ﬁrst full- dome movie.
The Digital Planetarium.
The increasing power of computers and improvements in
video projectors allowed for systems like the ones installed
in Houston and Chicago to ﬁnally become an affordable
reality. But, with these new systems comes a new way of
producing shows. Computers are needed to render images
quickly and hard drive storage becomes as common as slides

in a slide projector. The planetarium again makes another
transformation. Now questions are being asked if we should
even call these new theaters planetariums at all. Digital
movies of any subject matter can now be played, turning the
planetarium full of constellations into a digital theater.
Two Schools of Thought
Over the years the age-old argument of live versus taped has
been an ongoing topic. Now it extends to how we are using
the computer systems:
• One method is to generate images in real time.
• The other method is to pregenerate the images, then play
them back.
There are as always advantages to each as well as some
expensive disadvantages. With real-time interactive systems
the major cost is the computer that must be powerful enough
to create the images on the ﬂy. In order to do that, the quality of the images is sometimes reduced. The more expensive
the computer system the better the images look and respond
to the real time commands.
In contrast to real-time is pregenerated images. With this
method the major cost comes from the time spent in production. Weeks to months can be spent on creating just a few
seconds of material. The trade-off is that more photo-realistic images can be created. As computers become faster the
amount of images created goes up. At least that is the plan.
In real life though, as the computers keep getting faster the
skills of the graphic artist improve only to be outpaced by
what the audience expects. A battle that will never end. The
Kansas City Science City Planetarium using ElectricSky by
Spitz and Houston’s SkyVision by Sky-Skan are playback systems. Chicago’s Adler StarRider Planetarium and the New
York City Rose Planetarium are real-time systems.
How it is Done
“Computer ﬁles are now the preferred way to exchange show
material.” The two companies with the most installations,
Spitz and Sky-Skan play back images that were created in a
polar projection format. (Polar projection is not the default
format for Spitz.) Each company has their way of creating the
image and transforming it to a polar projection image. Now
for the ﬁrst time, a common format can be used to exchange
and create material.
A New Way of Production
Now the producers must take into consideration what will
appear in the front of the room as well as what will happen in
the back of the room. An example is a scene from Houston’s
“Alien Oceans”: a space probe will ﬂy over some mountains
in the front of the room. Later in the scene the probe ﬂies
directly over and heads towards mountains in the back of
the room. The OmniScan laser projector can create beam
effects that fan out in all directions and the Digistar can ﬂy
backwards through the stars.
✹
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Minolta Now
Masafumi Harada
Minolta Planetarium Co., Ltd., 2-30, Toyotsu-Cho, Suita, Osaka 564-0051, Japan
Phone: +81-6-6386-2050 Fax: +81-6-6386-2027 Email: mp-osk@mom.minolta.co.jp

Minolta has been actively engaged in the integration of the latest imaging and presentation technologies to make the planetarium
experience ever more realistic and enjoyable. In 1994, we completed an integrated system in cooperation with E&S. The system
was introduced at the IPS conference in 1994 at Brevard Community College and was highly rated by the attendance. Minolta tried
further to make it the perfect system and named it “Geministar.” Then, Minolta became the exclusive marketer of the Geministar
system, which enables the integration of the Minolta Infinium with the Digistar II. Expanding the concept, Minolta is now integrating
the products of E&S, Sky-Skan, AVI, and MEGAsystems to the original Geministar. It is expected that many of its features will be
incorporated into the planetarium, perfect for the 21st Century. The great potential of the Geministar system will be presented
with the updated versatility at the Saga Space Science Museum in Japan.
It is my great pleasure to introduce to you the new Minolta
GeminiStar System. It is designed as the planetarium for the
21st century.
Sophisticated “optical-electronics” are used to achieve
Minolta’s goal of making the planetarium experience ever
more realistic and enjoyable. Minolta has always pursued its
target of creating the most accurate and natural starry sky.
Minolta has combined the latest imaging and presentation
technologies with our most advanced optical and mechanical craftsmanship.
In the past, conventional planetariums were limited to
earth-bound views. By integrating the most sophisticated
optics, mechanics and electronics, we launched “Inﬁnium”
— the world’s ﬁrst single-sphere planetarium utilizing the
lens-projection method. No longer were planetariums earthbound in their presentations. With the introduction of the
Inﬁnium in 1985, Minolta started a revolution in planetarium design.
With the Minolta Inﬁnium, the audience viewpoint can be
shifted to any point in the solar system, to easily and accurately create the illusion of leaving the conﬁnes of Earth and
traveling to a distant point in space or time. Information
about the universe is programmed into the computers that
operate the star projector, allowing operators to rotate and
spin the star ball to create views of the solar system from any
single point within it.
In the Inﬁnium system, the ﬁxed-star projectors and planet
projectors are completely separate. This allows the view from
any point in the solar systems to be accurately reproduced.
Since the size of the Inﬁnium is smaller than a conventional
two-ball type planetarium, it easily integrates with various
projection devices in both horizontal or tilted dome formats.
Minolta has been listening to the planetarium community.
You, the end-user, have told us that the future of the planetarium lies in combining a bright, realistic starry sky with
the latest “cyber-dome” and digital projection technologies.
The planetarium of the future will create dynamic programs
by integrating planetarium projections with computer-generated multi-media projections.
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Minolta has been leading the way in the emerging era of
multimedia planetariums with its creative use of sophisticated optics, mechanics and electronics.
To realize the future planetarium’s potentials and dreams,
we pioneered the idea of combining the Minolta Inﬁnium II,
the highest sophistication of optical projector, and the Digistar II, the state-of-the-art projector for computer graphics.
We call this combination “GeminiStar.” This combination,
integrated with the latest video and ﬁlm images, is the planetarium of the future. Whether it is the drama of space exploration, the mysteries of quasars and black holes or the magic
of the night sky, the Minolta Inﬁnium II and the Digistar II as
the GeminiStar system have the greatest audience impact.
In 1994, we concluded arrangements for cooperation with
E&S, the developer and marketer of the Digistar II hardware
system. The GeminiStar system was highly rated when exhibited at Florida’s Brevard Community College in 1994. Then,
Minolta became the exclusive marketer of the GeminiStar
system, which enables the integration of the Minolta Inﬁnium with the Digistar II. This move enables Minolta to better
respond to the needs of planetarians who are increasingly
interested in making use of multi-media strategies.
The great potential of the GeminiStar system is illustrated
with the latest installations in Japan. The Yaizu Discovery
Park was the ﬁrst facility equipped with the Minolta GeminiStar System. With the talented effort of the staff, Yaizu Discovery Park offers popular dramatic presentations with the
greatest audience impact.
The Saga Space Science Museum is the second installation
of the GeminiStar system in Japan. This GeminiStar System
has received high praise by audiences and planetarium professionals since its opening in 1999. The GeminiStar system
opens new markets for diverse planetarium shows as well as
for entertainment applications.
In addition to our operations in Japan, we have begun
expanding our marketing activities in the U.S. with MEGAsystems. Minolta’s Inﬁnium will be the heart of the new planetarium for the Louisiana Arts and Science Center in Baton Rouge.
Baton Rouge’s new 18.3 meter dome facility will feature
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an accurate and realistic recreation of the night sky by the
Minolta Inﬁnium II star projector. Minolta will also integrate
full-dome laser projected graphics by AVI, all-sky computer
imagery by Sky-Skan, and giant-screen motion pictures by
MEGAsystems.
Operators of this new planetarium theater will be able to
use all the equipment together for their multi-media presentations, controlling it all from a personal computer. This
integrated computer system is linked to a hand-held infrared remote control unit that enables the operator to operate
all projection systems, including the planetarium motions,
from any location in the theater. This device can be handed
to audience members for the ultimate in audience participa-

tion.
Carrying this control concept even further, Minolta is now
integrating the products of E&S, Astro-Tec, Sky-Skan, AVI,
MEGAsystems to the original GeminiStar.
Minolta Planetarium wishes to publicly thank Evans &
Sutherland, Sky-Skan, Audio-Visual Imagineering, MegaSystems and Astro-Tec for lending their knowledge and technical assistance in our pursuit of the ultimate integrated
planetarium system. With their assistance Minolta now
invites you into the universe of the Minolta GeminiStar: the
integrated projection system that will set the standard for
planetariums of the 21st Century.
✹
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There are numerous formats for digitally representing and playing back video images. Of particular interest are hard-drive players,
sometimes called digital disk recorders (DDRs). This paper helps the planetarian sort through the various compression standards
(MPEG, JPEG, M-JPEG, wavelet) and storage options (RAID 0-5) available in off-the-shelf DDR units. Issues related to reliability,
maintainability, and image quality are discussed.
Introduction
Planetarians have been incorporating video into planetarium shows for many years. Typical video playback devices
include VHS or Beta tape decks, laserdisc video players, CRV
players, and DVD players. The latest addition to the available
mix of video playback devices is the digital disk recorder
(DDR). It is extremely important that any of these playback
devices be highly reliable to ensure successful presentations
to facility visitors.
DDRs are complex devices that playback video and/or
audio data that are stored in a digital format on one or more
hard disk drives. The video data are read from the drive and
converted to a video signal for projection onto the dome.
These devices can be made to be very dependable, despite
their complexity, by using high reliability components and
providing redundant subsystems within the DDR. Methods
to ensure the DDR will operate reliably include:
• using redundant power supplies to protect against component failure;
• using high reliability components in the design of the
DDR;
• providing redundant storage capabilities for the data.
The DDR should be designed so it can be easily maintained. Components such as disk drives and power supplies
should be mounted so they can be easily removed. Optimum
reliability is achieved when power supplies and disk drives
are “hot-swappable.” Many types of disk drives are available

for use in DDRs. The different drive types are described
below in further detail.
Each frame of NTSC D1 video requires approximately
700 KB of storage space. An hour of NTSC D1 video will
demand 75.6 GB of storage. The data rate necessary to display
the stored video is nearly 21 MB/s. Compression algorithms
can be applied to the video data to reduce storage requirements and data transfer speeds. Many different compression
methods are available. Four methods discussed below are
JPEG, M-JPEG, MPEG, and wavelet compression. Each method
has its own advantages and disadvantages. Care must be
taken when compressing the video data to ensure artifacts
are not introduced into the ﬁnal projected imagery.
Experimental results have indicated that virtually no discernible artifacts are visible using compression ratios up to
5:2 for M-JPEG compression. Wavelet compression, meanwhile, will provide similar results with compression ratios as
high as 12:1. It is imperative that the DDR maintain high
quality reproduction of the original material when the video
is being displayed over the large ﬁelds of view typically used
on the dome screen of a planetarium.
Disk Drive Characteristics
Modern disk drives typically have maximum data transfer
rates between 20 MB/s and 25 MB/s, independent of the
interface (IDE, SCSI, Fibre Channel, Firewire) used to transfer data from the disk platters to the outside world. The data
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transfer rate from the disk platter varies with position of the
heads on the platter. Data written on the outer sectors of the
disk platter will be read at speeds greater than double that
of data written on the inner sectors of the platter.
Uncompressed NTSC D1 video requires a data rate of
nearly 21 MB/s. A single disk drive cannot maintain this
data stream requirement for more than a minute or so of
video. Methods to successfully read a video stream from a
hard disk system include:
• combining multiple hard drives to act as a single logical
drive;
• compressing the video data so less data are required to
accurately reconstruct the imagery; or
• combining both methods for a more robust and cost effective solution.
Disk Drive Interface Types
There are several different types of disk drive interfaces. The
most common are IDE, SCSI, Fibre Channel, and Firewire.
Each of these disk drive types is discussed below.
IDE – Integrated Device Electronics
IDE disk drives are the most prevalent type of hard disk drive
manufactured today. Most of the input/output (I/O) interface logic is integrated on the system motherboard, with
only a small portion of logic required in the drive unit. This
design produces hard disk drives that are cheaper to manufacture since the drives do not require complex interface circuitry. The more complex communication logic is typically
contained in the southbridge logic of a PC compatible processor chipset on the system motherboard.
The IDE speciﬁcation allows for a maximum of two drives
per controller. A typical computer system contains a maximum of two IDE controllers, which leads to a maximum
of four drives per system. Current IDE standards include
UltraDMA/33 and UltraDMA/66, which provide data transfer rates of 33 MB/s and 66 MB/s, respectively. The third
quarter of 2000 will see the introduction of the 100 MB/s
IDE interface, designated as UltraDMA/100.
SCSI – Small Computer System Interface
The original SCSI speciﬁcation calls for 8-bit wide data bus
clocked at 5 MHz, which translates to a maximum data rate
of 5 MB/s. SCSI 2 introduced a 10 MHz clock and/or a 16-bit
wide data path. This yields the potential for up to 20 MB/s
when a combination of the 10 MHz clock and 16-bit wide
data path are used. A 20 MHz clock was included in the
speciﬁcations for SCSI 3, also known as Ultra SCSI. SCSI 3
has a maximum data rate of 40 MB/s. Ultra2 SCSI uses
low voltage differential signaling to increase the bus clock
speed to 40 MHz, which produces a maximum data rate of
80 MB/s. The current generation of the SCSI speciﬁcation,
Ultra3 SCSI, again doubles the maximum data transfer rate
to 160 MB/s. This doubling of performance is achieved by
clocking data on both the rising and falling edges of the
40 MHz timing clock.
SCSI disk drives are typically more expensive than IDE
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drives since the interface logic is signiﬁcantly more complicated than that of an IDE drive. The reliability of SCSI
disk drives is usually higher than that of IDE drives. Manufacturers normally use the highest quality components and
include more data recovery features in SCSI drives when
compared to typical IDE drives.
Fibre Channel
Fibre channel is a serial interface that transmits data at a
rate of 1 Gb/s. Overhead due to protocol signaling on the
line yields maximum data transfer rates of 100 MB/s. The
data can be transmitted over copper wire up to 30 meters, or
over optical ﬁbers up to 10 kilometers. The next generation
of ﬁbre channel, due by the end of 2000, promises maximum
data transfer rates of 2 Gb/s or 200 MB/s.
Fibre channel is simply a transport mechanism for data.
It provides for high-speed data transfer. Other data protocols, such as SCSI, HIPPI, ATM, and IP can be implemented
over ﬁbre channel. This is why ﬁber channel is the preferred
interface topology for Storage Area Networks (SAN), and
is increasing being applied to high performance RAID systems.
The cost of ﬁbre channel disk drives are typically more
than that of either IDE or SCSI drives for several reasons,
including the complexity of the interface logic and lower
demand. Fibre channel disk drives have reliability comparable to that of SCSI disk drives.
IEEE-1394 (Firewire)
Apple developed the ﬁrewire interface, which was adopted in
the mid 1990’s by the Institute of Electrical and Electronic
Engineers (IEEE) as IEEE-1394. Firewire is a high bandwidth
serial interface that currently transmits data at rates up to
400 Mbits per second. Future incarnations of the IEEE-1394
interface promise speeds of 800 to 1600 Mbits per second.
The ﬁrewire interface has become popular for digital cameras and is expected to increase in popularity as more
devices become available. There are currently a handful of
manufacturers building disk drives with ﬁrewire interfaces.
The reliability of these drives should be at least as good as
that of IDE disk drives.
Disk Drive Configurations
Disk drives can be grouped together to provide for redundant storage capabilities and faster transfer speeds than
can be obtained from a lone disk drive, enhancing overall
system performance. Techniques with acronyms of RAID,
NAS, and SAN are used to provide higher data transfer rates
and greater data integrity.
RAID – Redundant Array of Independent Disks
A Redundant Array of Independent Disks (RAID) is a storage
system that incorporates multiple disk drives to emulate a
single disk drive. The purpose for using RAID conﬁgurations
is to provide data redundancy and higher data bandwidth
than can be achieved by using a single disk drive. Several
methods have been developed to ensure that stored data can
be recovered even if one or more disk drives fail. Increased
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system reliability can be accomplished by replicating the
data onto additional drives, or storing parity information
and other types of redundancy check codes along with the
data.
David A. Patterson, Garth Gibson, and Randy H. Katz of
University of California at Berkley wrote “A Case for Redundant Arrays of Inexpensive Disks” in 1988, which described
ﬁve models, or RAID levels, for disk arrays [1]. Data mirroring is referred to as RAID level 1. A method for generating Hamming check codes is identiﬁed as RAID level 2.
Three different parity methods are deﬁned for RAID levels 3
through 5. An additional RAID level 6 has since been added
which allows for multiple drive failures by using two independently calculated redundancy check codes. Descriptions
of the various RAID levels follow.
RAID 0 – RAID 0 is unique among the RAID levels
because there is nothing redundant about the way that
data are stored. Data are striped across multiple disk
drives. This method ironically provides for less reliable
data storage than a single drive. The reliability of RAID 0
strip sets is still very good due to the overall reliability
of modern disk drives. Failure of a single disk drive in
the stripe set however will result in loss of all the data on
the logical drive. Data striping is typically accomplished
via software, which makes it more cost effective than
most other RAID techniques. Other RAID levels require
specialized hardware and greater numbers of disk drives
to implement. Data striping (RAID 0) is incorporated
into Windows NT operating system via the Disk Administrator utility.
Experience has shown that for SCSI disks, maximum

data throughput is typically obtained when 3 or 4 disks
are striped. Maximum data throughput on a ﬁbre channel RAID 0 stripe set is typically obtained using between
8 and 12 disk drives.
RAID 1 – Virtual data blocks are created across the
drives of the disk array. Data are written across two
redundant disk arrays. This method provides high reliability for data storage, but is more expensive than most
other RAID implementations. This RAID level is designed
to provide maximum redundancy of the data. The data
transfer rate is typically slower for RAID 1 than for most
other RAID levels due to the additional data integrity
tests that are performed. RAID 1 disk systems are most
often used to store ﬁnancial and similar data that absolutely cannot be lost.
RAID 1 storage systems are more expensive than most
others due to the need to have two disk drives for every
one in a similar RAID 0 conﬁguration. A RAID 1 disk
conﬁguration also requires a hardware RAID controller,
which further increases system costs.
RAID 2 – Data and check codes are interleaved across
multiple disk drives. The check data is based on Hamming codes similar to those used to perform error detection and correction used for Random Access Memory
(RAM) [2]. RAID 2 is rarely used and there are no commercially available RAID 2 controllers.
RAID 3 – RAID 3 is of great interest for video streaming as it is optimized for large contiguous data transfer
operations and it provides for highly reliable data storage since it can continue to operate even after a single
drive has failed. Data are striped at the byte level across

Table 1. RAID Level Comparison Chart
RAID

Disks Req’d

Description

0

N

1

2N

0+1

2N

2

N+m

3

N+1

4

N+1

5

N+1

6

N+2

Data are distributed, or striped,
across all of the disks in the array
with no data redundancy.
Data on each drive are replicated, or
mirrored, onto another drive in the
array.
Data are striped across N drives and
the stripe set is mirrored onto a
second set of N drives.
Hamming codes are used to generate check data, which is stored on m
drives.
Virtual disk blocks are distributed
across N disks with one separate
drive used for parity data.
Data are striped across N disks with
one separate drive used for parity
data.
Data are striped across N+1 disks
with parity data striped across the
entire set of drives.
Data are striped across N+2 disks
with 2 sets of independently derived
check data striped across the drives.

Strength

Weakness

High-speed data read and write.
Least expensive implementation.

Reliability less than that for a single
disk drive.

High data availability.

Expensive hardware implementation.

High data availability.

Expensive hardware implementation.

Highly efficient for sequential I/O
operations. High data availability.

Expensive hardware implementation.

Highly efficient for sequential I/O
operations. High data availability

Not efficient for random I/O operations

Effective for sequential read operations. High data availability.

Less effective for write operations.

Effective for random access read
operations. High data availability.

Less effective for write operations.

Highest data availability of all RAID
types. High speed read capability.

Expensive hardware implementation.
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multiple disk drives with one disk drive dedicated for
parity information. The drives in a RAID 3 conﬁguration are synchronized to one another and provide bitby-bit parity information on the parity drive by exclusive
ORing of the data in the data drive stripes.
The reliability of RAID 3 is signiﬁcantly higher than
that of a single disk drive or a RAID 0 stripe set due
to the presence of the parity drive. RAID 3 requires
the use of a specialized hardware controller, which adds
expense to the overall system, but the gains in reliability
and performance make RAID 3 the optimal choice for
video server systems.
RAID 4 – The disk drives of a RAID 4 conﬁguration are
formatted so parity is written onto one drive and the
data is spread across the remaining drives, similar to
that of RAID 3. The drives are not synchronized as they
are with RAID 3. Data are written independently to various blocks across the data drives of a RAID 4 system
while parity is written to the separate parity drive.
This allows for more optimized reading of smaller noncontiguous data ﬁles than a RAID 3 system does, but
limits system performance to whatever the parity drive
can achieve. For this reason, RAID 4 systems are rarely
used.
RAID 5 – RAID 5 is optimized for non-sequential access
to data by spreading the data across all of the drives
in the system. Unlike RAID 4, parity is also distributed
across all of the disks, alleviating the bottleneck created
by a single parity drive as used in RAID 4 architectures.
RAID 5 requires greater overhead in the controller to
keep track of the parity data location, unlike RAID 3
or RAID 4. This increased controller overhead somewhat diminishes the data transfer performance gains
that would otherwise be realized by the system due to
the striping of both data and parity information. The
reliability of a RAID 5 conﬁguration is equivalent to that
of RAID 3 and RAID 4 systems.
RAID 6 – Two independent data check values are calculated for each data block stored in a RAID 5 drive
conﬁguration. The check data can use many different
algorithms, such as exclusive OR or CRC, but the most
popular approach is to use Reed-Solomon encoding
techniques [2]. RAID 6 actually provides better data
integrity than RAID 1, since three drives must go bad
before data is lost. Data mirroring, used in RAID 1,
can experience data loss if as few as two drives fail.
RAID 6 controllers are very expensive to implement, and
data transfer rates can be signiﬁcantly compromised by
the additional overhead of the parity generation logic
during write sequences.
NAS – Network Attached Storage
Network Attached Storage (NAS) is an Internet Protocol (IP)
addressable disk system intended for storing large databases.
It is also useful for on-line archiving of data ﬁles. Access to
the disk arrays of a standard NAS system is typically via a
local area network (LAN) connection. The available band-
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width of a typical ethernet LAN is not sufﬁcient to allow realtime playback of video, unless the video has been severely
compressed. A NAS system will have greatest value (in the
planetarium environment) for storage of multiple video
sequences to be transferred to a DDR, or for accumulating
frames generated during production of show sequences.
SAN – Storage Area Network
Storage Area Networks (SANs) are the latest evolutionary
step in mass storage technology. A SAN is a switched fabric
network of disk drives that allows multiple users simultaneous high bandwidth access to data stored on the SAN.
Standards are in the early stages of development, and currently SAN products from one vendor are usually incompatible with those from another.
Most of the SAN implementations to-date use ﬁbre channel switches and are conﬁgured using a star topology. Recall
that ﬁbre channel can operate at distances of up to 10 kilometers using optical ﬁbers. Such an implementation will
permit multiple theaters, within the given radius, to access a
central repository of show material, or will enhance content
creation by allowing all show production personnel to have
real-time access to the show data ﬁles under development.
It will also be possible in the future to link the switched
fabric network of the SAN to the global switched telecom
network, which will permit multiple theaters in various locations around the world to share content for playback in realtime.
Data Compression Techniques
Numerous image compression algorithms have been developed to reduce storage requirements for image and video
data. The four most common that are used for show production in planetaria are JPEG, M-JPEG, MPEG, and wavelet
compression. JPEG is used to compress still imagery, while
the others are intended for compressing video streams.
JPEG — Joint Photographic Expert Group
JPEG compression uses discrete cosine transform (DCT)
algorithms to reduce the required storage space for still
images. The image is broken up into 8Ω8 pixel regions. The
amount of image compression is determined by varying the
coefﬁcients of the DCT. Increasing the compression ratio
will cause the quality of the resulting image to be degraded.
These degradations usually include a loss of spatial resolution and inaccuracies in the color representation of the projected image.
M-JPEG — Motion – Joint Photographic Expert Group
The JPEG compression standard has been adapted for use
with image sequences and is designated as M-JPEG. Information about every frame and its relation to the previous
frame is stored in a M-JPEG ﬁle. The software and hardware
tools for producing content using M-JPEG are well developed. M-JPEG is therefore currently the choice for most
show content production in the planetarium environment.
The author has developed a method to determine how
much compression is acceptable for projection onto a domed
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screen for any given compression algorithm. Frames from
the original uncompressed sequence have been compared to
those of the compressed ﬁle using morphological image processing techniques to quantify the amount of image degradation resulting from the compression algorithm. This method
has been successfully used to compare different compression techniques and to determine acceptable limits for the
amount of compression that can be allowed for projection
onto a dome screen. Experimental results, using a moving
high-resolution test pattern, have indicated that virtually
no discernible artifacts are visible when using compression
ratios up to 5:2 with a M-JPEG compressed ﬁle.

base cosine waveform to convert the image data, while wavelet compression uses a more complex, multi-frequency waveform to convert the image data.
Whereas JPEG, M-JPEG, and MPEG operate with 8x8 pixel
arrays, the entire image frame is analyzed at once when using
wavelet compression. This eliminates the blocky artifacts
that are usually present in the image frames compressed
using DCT-based algorithms. Experimental results using the
methods described earlier have demonstrated that the quality of the imagery using wavelet compression is maintained
with compression ratios as high as 12:1.

MPEG — Motion Picture Expert Group
The Motion Picture Expert Group (MPEG) has developed
standards for compressing video streams for storage and
transmission. Three different generations of MPEG standards have now been approved. These three standards are
designated as MPEG 1, MPEG 2, and MPEG 4. Each succeeding standard is fully backward compatible with its predecessors. MPEG 1 has a maximum resolution of 352Ω240 pixels,
and is therefore not too useful for projection in a planetarium. MPEG 2 is the enabling technology behind DVDs and
HDTV. The MPEG 4 standard, approved in January 2000,
has enhancements that are speciﬁc to streaming video content over the Internet.
Similar to JPEG, MPEG uses DCT-based compression algorithms to work on 8Ω8 pixel regions of the video frame
for compression. MPEG 4 now also allows use of wavelet
compression, in addition to DCT-based compression. Unlike
M-JPEG, where information is transmitted for every frame,
MPEG compression relies on the assumption that only a
small portion of the imagery in a video stream changes
from frame to frame. MPEG streams are divided into groups
of pictures (GOPs), consisting of I, b, and P frames. The I
frames are essentially JPEG encoded frames. The b and P
frames are based on actual and predicted differences from
the original I frame [3]. Broadcast quality video projection
can be achieved with half of the storage and bandwidth as
required for M-JPEG. Affordable editing systems for MPEG 2
video have only recently begun appearing on the market, so
it is not yet used much in DDRs designed for planetariums.

Conclusion

Wavelet Compression
Wavelet compression techniques have been adapted for both
still images and for image sequences. Both Wavelet and DCT
methods rely on transforming the image data from the spatial domain to a frequency domain. DCT algorithms rely on a

Digital video playback is becoming more prevalent in planetarium settings. More systems are now using hard disk drives
for storing video information. It is extremely important that
these playback devices be highly reliable to ensure visitors
have a pleasurable and memorable experience. High quality
DDRs will use redundant power supplies to protect against
component failure and provide redundant storage capabilities utilizing RAID techniques. They will also mount components such as disk drives and power supplies so they can be
removed simply for ease of maintenance.
Video data requires signiﬁcant storage space, approximately 75.6 GB of storage for an hour of NTSC D1 video.
Storage and bandwidth requirements for DDR equipment
can be signiﬁcantly reduced by using data compression
methods. The four most commonly used compression algorithms are JPEG, M-JPEG, MPEG, and wavelet compression.
Each method has its own advantages and disadvantages.
Care must be taken when compressing the video data to
ensure artifacts are not introduced into the ﬁnal projected
imagery. It is imperative that the DDR maintain high quality reproduction of the original material when the video is
being displayed over the large ﬁelds of view typically used on
the dome screen of a planetarium.
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The new large-size planetarium UNIVERSARIUM Model IX, now installed in the new Hayden Planetarium and in the Bochum
Planetarium, is introduced.
For the ﬁrst time, I would like to ofﬁcially introduce to the
IPS our new type of UNIVERSARIUM, the Mark IX.
Every customer pursues his own individual visions, job
requirements and wishes, when he thinks about a new planetarium project. To account for these factors, Zeiss planetariums are designed around a basic outﬁt package which can
be extended to suit individual requirements.
Advanced large planetariums are expected to ﬁt well into
an existing scenario of audio-visual equipment. Their “astronomical dominance” often has to be integrated in a modernstyle presentation in science and culture.
The UNIVERSARIUM Mk VIII has been designed consequently to follow these standards — everything which has
fundamental importance for sky viewing is projected in the
highest quality to simulate nature as well as possible. On the
other hand, some special astronomical display options have
been omitted. And ﬁnally, the success of the Mk VIII conﬁrmed this strategy.
Nevertheless there were not only a few potential customers who desired the same speciﬁc astronomical functions
available with our former classical dumbbell shaped instruments, and no question, besides all other advantages of the
UNIVERSARIUM Mk VIII.
In keeping with this situation we had to react. For all
those customers we developed the new UNIVERSARIUM, the
Mark IX.
At ﬁrst glance there seems to be no difference between
VIII and IX, but in fact, we had to redesign nearly 60% of all
instrument parts. It is these differences I would especially
like to explain to you, such as:
• Starry Sky
• Milky Way
• Deep Sky Objects
• Constellation Figures
• Precession Motion
• Didactic Projections and
• New Software
1) Some comments on the Starry Sky:
• The starball supports all projection systems connected to
the starry sky and special auxiliary lines and scales for
teaching astronomy.
The starry sky itself is composed of:
- the ﬁxed star projectors
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•

•

•

•

- only 2 bright star projectors
- 3 variable star projectors and
- 10 Milky Way projectors
Further projectors belong to various didactic projection
systems.
At the heart of the starry sky are 32 ﬁber-optic projection
systems taking care of the brilliance of the stars:
- high brightness level,
- small image diameter and
- pure white light.
These three most important features ensure showing the
stars with their typical beaming appearance.
Naturalness also applies for the number of stars. With a
limiting magnitude of 6.55 as many stars are shown as
the human eye can see under the best observation conditions.
Our standard values for the size of the stars follow the
gradation due to Pogson’s Law while considering different
dome sizes and reﬂectivities, and individual shows. Deviations are possible.
To complete this complex, I should not forget to mention our
natural star colors and our realistic scintillation effect.

2) Comments on our new Milky Way
• In the past, the natural depiction of the Milky Way was the
result of numerous trials and considerable research with
mixed results.
• Now, for the ﬁrst time, we used several digital databases
generated by NASA and ESO for developing our master
copy, to avoid the former more unsharp projection.
• The result is a Milky Way which shows all structure details,
as well as natural contrast.
• The Milky Way can be adjusted automatically, with the stars
and independently of them, to exaggerate the brightness.
3) Another change: Deep-sky objects
• Here we follow special requirements of our customers to
observe the starry sky not only with naked eye, but also to
have the real impression using binoculars.
• Now we are able to include about 50 galaxies, nebulae and
clusters (and even more if desired).
• All of our deep-sky objects are made realistic by using
photographs. These photos are scanned and digitized and
converted to stars down to 9th magnitude.
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• We selected Messier objects showing a typical structure
and objects which are important for sky observation. That
means, viewing the sky with the naked eye you will just
notice there is something — but having a closer look you
will see all deep-sky objects, even their faint structures.
• To realize this technology was a hard challenge for us.
4) Constellation Figures
• For the new Hayden Planetarium a New York artist created
a special set of 67 constellation outlines.
• For us, this was the impulse to also think about new outlines.
• In connection with some planetarium directors, an artist
created our new standard set of constellation ﬁgures,
basically historical and mythological patterns, with very
smooth structures.
• Of course all of our 63 constellation outlines are ﬁ xed to
the starball and follow the movements of the instrument.
• Now as before, we use a different color for the constellations of the zodiac, which can be controlled both together
and separately from the others. Selected groups of constellations can also be controlled individually.
5) Some words about the Precession Motion
• It is difﬁcult to realize an astronomically correct precession movement in a starball-version planetarium without
integrating a fourth main-axis. This was exactly the outline
of our task — no fourth starball axis, to avoid a lot of application problems (for example, the singularity problem).
• Our patented solution is to use a special projector that
shows the celestial equator, the ecliptic and the celestial
pole marking, moving around the virtual ecliptic axis in
the opposite direction to the precession rotation of the
starball. Thus, the great circles and celestial pole are
apparently ﬁxed in space, while the stars show the precession movement.
• Another advantage of this system: the great circles of this
additional precession projector and those ﬁxed to the
starball, are by default aligned with one another to a high
degree of accuracy. If you switch on both systems and
start the precession movement you are able to see the shift
between both systems. This is more than you could get
from the former dumbbell shaped instruments.
6) And now a hint about further projection systems
integrated in the Mk IX
• Now we have also realized a scaled moveable hour circle as
well as a scaled moveable vertical circle. Together with the
Meridian, the hour angle scale and the azimuth scale you
are now able to demonstrate the Nautical Triangle. For the
ﬁrst time this is available for a starball system.
• We also realized:
- rotating cardinal points;
- galactic coordinates;
- moveable twilight; and

- stray lights usable for example for dome light or moonshine and scattered light.
7) Some last remarks on our new software
• It is now based on Microsoft Windows NT®.
• Very easy to operate, even for live performances.
• 2 operation panels are connectable at different places in
the dome.
• Astronomical displays are pre-deﬁned, so astronomical
yearbooks or other aids are not necessary.
• High accuracy of astronomical positions of the starry sky
and the bodies of the solar system within a time period of
10,000 years.
• Geocentric and planetocentric displays are available (that
means besides the observation point on “Earth” you can
choose any planet, Sun, Moon or self-deﬁned bodies).
• Now we have the possibility of remote diagnoses, exchange
of control data and software updates via Internet.
• Also we integrated some additional astronomical representations, the most important being the assignment of
different objects to the planet projectors, made possible
using two special features:
- integrating the slide change mechanism into the planet
projectors;
- providing the astronomical algorithms in accordance to
the selected images.
• An easy selection in a prepared window provides us with
several new demonstration facilities, for example:
- demonstration of major planets not visible with the
naked eye (Uranus, Neptune and Pluto);
- demonstration of minor planets and comets (prepared
from a listing of osculating orbital elements in a
library);
- demonstration of Jupiter’s four largest moons in their
topocentric positions.
• Furthermore, the following facilities are now under development:
- demonstration of the topocentric motion of the Moon;
- demonstration of certain spacecraft orbiting around the
earth, using real orbital data;
- showing the proper motion of ﬁxed stars (for example:
changes in the constellation of Cassiopeia, Orion or the
Big Dipper);
- motions of a binary star system;
- parallactic motions, like that of Sirius.
Considering all these new features I am sure you understand the Universarium Mark IX is not just an upgrade of the
Mark VIII—it is a new development. The Mk IX, equipped
with lots of clever ideas by many planetarium directors, is
a high-end quality scientiﬁc instrument for teaching astronomy and experiencing nature, as well as an instrument for
entertainment purposes. It is up to you to use it for your own
kind of performances.
Thank you very much for your attention.
✹
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IGBT-Based Intelligent Cove Light System (Poster)
Ed Lantz
Product Development Manager, Spitz, Inc., U.S. Route #1, Chadds Ford, PA 19317, USA
Phone: +1 (610) 459-5200 x27 Fax: +1 (610) 459-3830 Email: elantz@spitzinc.com

Dimming systems are notorious for producing switching noise that can wreak havoc in the planetarium, causing buzzing in audio
systems, noise bars in video, and false triggering of other dimmer circuits. European directives for radiated and conducted emissions
are quite strict. Toroidal filters are commonly used to limit switching rise time and reduce electrical noise, but they emit an audible
hum, and are bulky. This poster presents a design that replaces Triacs with IGBT (Integrated Gate Bipolar Transistor) devices to dim
and limit rise time, thereby eliminating the need for filtering. The dimmers are packaged with an intelligent processor to create a
cove light controller module capable of dimming 15 red, blue and green incandescent bulbs up to 60 watts each, and an additional
500 watt auxiliary dimming channel. The unit successfully passed testing for low voltage European directives.
Cove lights concealed along the
bottom of a dome screen provide
a highly effective horizon glow
effect, and are standard equipment for most planetaria. Traditional cove systems utilize two
colors—yellow and blue. Larger
theatres demand incandescent
cove lighting consisting of hundreds of bulbs, and dissipating
over 20 kW of power. This particular development utilizes an
RGB (red, blue, green) cove
system to achieve a large gamut
of visible colors. This project
also demanded that every bulb
be individually dimmable to
achieve sunrise/sunset and other special effects. Furthermore, the unit was required to meet European directives for
low-voltage electrical equipment, in addition to passing UL
and cUL approvals.
European directives for electronic equipment are particularly difﬁcult to meet using traditional SCR and Triac lamp
dimmers. The directives include limitations on radiated and
conducted radio frequency emissions (EN 55015/55022).
The fast rise time of switched AC waveforms are particularly
prone to creating high levels of both radiated and conducted
emissions. Large toroidal chokes are often utilized to limit
the switched AC waveform rise time, thereby reducing emissions. However, these chokes are bulky, expensive, and create
audible noise as well.
An alternate approach was utilized that employs IGBT
(Integrated Gate Bipolar Transistor) devices to switch the AC
waveform. IGBT’s can handle high power, have a low on-resistance (this provides more efﬁcient switching), and can operate linearly, unlike SCR’s and Triacs which switch suddenly
once a critical control voltage is introduced. The linear feature of an IGBT allows the possibility of slowing the switched
AC waveform’s rise time simply by slowing the rise time of the
controlling (gate-emitter) voltage across the IGBT device.
The resulting design, dubbed the RGBcove™, was packaged with 15 IGBT cove-dimming channels per unit —
Cove Light
Segment

Spitz

Dimmer

Controller

Serial Input

120/230 VAC
Supply
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each capable of dimming a 60W
incandescent bulb — along with
a microprocessor-based controller that accepts serial data from
any theatre automation computer. A 16th dimming channel
was also added to allow a
500-Watt PAR-type dome light
to be controlled by each unit
as well. Cove light ﬁxtures were
designed with nominal bulb
spacing of 150mm and 15 bulbs
per segment, requiring a single
cove controller per segment.
Up to 32 controller/ﬁxture segments can be addressed by a
single serial port, accommodating cove diameters of over 80 feet (24.6 m) with over 480
red, blue and green bulbs. The system was tested to meet all
European directives, and passed UL and cUL safety testing
as well.
Each controller unit features a unique node address, allowing complex dimming sequences to be executed that are
based upon the cove segment’s spatial position within the
theatre. Sequences include sunrise/sunset, random multicolor ﬂash, sparkle on/off effects, single and dual direction
chase sequences, a comet effect and more. Sequences allow
control over parameters such as speed, duration, azimuth, and
color mix. A novel assembler allows the creation of custom
cove sequences that can be serially uploaded to the cove
units and permanently stored in nonvolatile “ﬂash” RAM.
Dimming operations are very smooth with no discernable
steps due to internal linearization tables. Dimming is accomplished with simple serial commands that specify the start
and end intensities, fade duration, and active bulbs. Realtime control is also possible, linking the cove light intensity
to a panel slider or other control. A driver for Spitz’s ATM-4
automation system allows control over all sequence parameters, and provides an RGB color mixing palette that displays the selected cove color. The RGBcove is a powerful,
full-dome effect that complements a variety of planetarium
programming.
✹
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Million Stars in a Dome!
The Latest Report of a Special Planetarium Projector (Poster)
Takayuki Ohira
2-18-25 Minami-Ikuta Tama-Ku, Kawasaki, Kanagawa 214-0036, Japan
Phone: +81-0-44-976-1318 Fax: +81-0-44-976-1318 Email: oohira@ja2.so-net.ne.jp

It is taken for granted that the usual planetarium reproduces stars up to magnitude 6, faintly visible to the naked eye. However, if
you look at the starry sky in a place where the air is clean, you will notice that the usual artificial starry sky is quite imperfect.
Therefore, I have developed a new optical projector, MEGASTAR, which can reproduce stars up to magnitude 11 — approximately
1.7 million stars — to produce a more realistic starry sky similar to the real one. MEGASTAR reproduces the wonderful starry sky
seen at the top of Mauna Kea and it even depicts the Milky Way as a collection of individual stars. Furthermore, this projector can
be easily moved.
1.Introduction
At the 1998 IPS Conference, I introduced a mobile planetarium, ASTROLINER-2 (later named MEGASTAR), which has
now been developed. The ﬁxed stars projector, which was
demonstrated in London under the inﬂatable dome, gained
public favor. It has been two years since then and it is my
pleasure to introduce MEGASTAR, now almost completed
with many improvements, at the Montreal Conference.
2.The Structure and Special Features of the System
2.1 Star Projector
The star projector of MEGASTAR, is only 45 cm in diameter,
yet projects about 1.7 million stars brighter than 11.5 magnitude. It depicts the Milky Way as a gathering of faint stars
and faithfully reproduces the seemingly inﬁnite depth of the
starry sky. The starry sky of MEGASTAR is as magniﬁcent as
that seen from the top of Mauna Kea in Hawaii. For example,
the star clouds of Sagittarius and the Coal Sack near the
Southern Cross show a magniﬁcent beauty that other planetarium projectors cannot match. This was achieved using
ultra precise star plates and projection optics, which have

Figure 2. Star Projector
been specially developed.
MEGASTAR reproduces not only the Milky Way but also
about 300 clusters and nebulae, brighter than 8th magnitude. All of these objects are reproduced not by an auxiliary projector but by the same projection plates as the ﬁxed
stars.

Figure 1. Megastar’s sky

2.2 Planet Projectors
The planet projectors are separate from the star projector
and controlled individually by computer. The revolution of
the planets observed from outside of the Earth, or a space
ﬂight through the solar system, can be simulated as easily
as the apparent movement of the planets observed from the
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Earth. Each projector of 6 units (maximum 8 units) can be
packed in a compact box, moved and installed easily.
2.3 All Solid-State Lighting
The lighting apparatus is installed in the ﬁxed star projector in order to achieve various effects. Instead of the usual
incandescent lamps, many high-efﬁciency Light Emitting

of incandescent lamps for the expression of color, and the
color balance will not be destroyed even if the brightness is
changed. It is maintenance-free (no lamps to change) and at
the same time, it is very compact.
2.4 Windows Console
MEGASTAR is operated by a Windows-based GUI. Either by
clicking icons on the screen or by operating dials and buttons on the separately installed compact console box, the
user can easily access all the functions of MEGASTAR. Automatic operation is also possible.
2.5 Full-Range Power Source
MEGASTAR can be used without a transformer anywhere in
the world: it will match the mains voltage in any country
within the range 85–255 VAC. Moreover, it is equipped with
a harmonic control circuit and voltage drops are minimal
even when using a long extension cable. Therefore, it meets
the harmonics control requirements currently in force in
Europe. The major functions are backed up by internal batteries, and can be operated continuously without causing a
system shutdown even if there is power failure.

Figure 3. Solid-State Lighting
Diodes (LEDs) are used. LEDs in the three primary colors of
red, green, and blue are under digital control and can create
any color tone, combination and brightness. The lighting
pattern can be changed for twilight. With such a highly versatile lighting apparatus, we can freely reproduce, for example, the change in color of the sky due to the change of
the season, or an exotic sunset scene observed on Mars.
The lighting apparatus using the LEDs is superior to that

Figure 4. System Diagram
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2.6 Inflatable Dome
The 10-meter diameter, 7-meter high inﬂatable dome can
accommodate about 100 persons. The interior of the dome
is always pressurized by a ventilator and the projection surface forms an accurate sphere. The air pressure inside the
dome is maintained by an automatic air pressure regulator
with a built-in computer, therefore, the operation of the ventilator needs no human intervention.
3. Conclusion
The beauty and realism of the starry sky have been the major
features of the optical planetarium. MEGASTAR is a projector that has been developed exclusively for this purpose with
a new concept. Furthermore, it can be moved to any place in
the world and has wiped out the bulky image of the conventional optical planetarium.
MEGASTAR is designed for a 10 meter dome, but this technology can be scaled up or down: it is therefore possible to
manufacture projectors for smaller (5 meter) or larger (30
meter) domes.
I developed MEGASTAR because it is my wish to convey
the magniﬁcence of the starry sky as it can be seen in places
where the air is clean and dry. I sincerely hope that before
long, a day will come when the people of the world can experience the enjoyment of such a solemn starry sky.
✹
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Iris Closure for LCD Video Projectors
Mickey Schmidt
USAF Academy Planetarium, 2120 Cadet Drive, USAF Academy, CO 80840, USA
Phone: +1 (719) 333-2777 Fax: +1 (719) 333-4281 Email: jancarschmidt@worldnet.att.net

If you cannot use a “three-gun” video projector because is too expensive for your facility and you have avoided the “one-gun”
LCD Video Projectors because they do not fade to black, fear not. The staff of the USAF Academy Planetarium has designed and
built a simple IRIS Shutter which can provide a fade to complete blackness and a degree of masking. Construction drawings can be
made available. Made from inexpensive materials, access to a lathe or machinist is necessary. The most expensive part is an “RC”
selenoid.
LCD Video projectors have been much maligned by the planetarium community because of their inability to fade to
black. Any attempt to use the projectors results in a grey
frame on the dome when a signal is present or a bright blue
rectangle when no signal is present. Neither of which excites
planetarium programmers or presenters.
My situation at the USAF Academy Center for Educational
Multimedia, other wise known as the planetarium and hereafter referred to as the CEMM, is that my budget would not
allow for replacement of our Barco three gun projectors.
They are too expensive for my budget. The Air Force Academy was ﬁtting every classroom with the Eiki and now the
Polaroid LCD projectors. They were plentiful and “free” as far
as my budget was concerned so we asked for and obtained
two Eikis. A few years later 2 Polaroids were obtained. Today
we have a very old Barco One Eiki and One Polaroid with
irises set up and running in almost every presentation we
give. The others are spares or are used only in situations
where the bright frame or dimming is not an issue.
The immediate problem to solve before installing these
LCD projectors in our theater was to ﬁgure a way to hide
the unsightly non-dimmable video frame. We discussed the
methods we had seen in other facilities, namely a large ﬂap
to raise or lower in front of the lens. We found the mass
of the ﬂap required the action to be relatively slow and
not real pleasing in the show. We thought on this problem
some weeks before we decided on making an iris type shutter for the projectors. The determining factor was that the
Iris mechanism allows for high-speed closure, less than a
second, in fact.
Because we obtained the Eiki projectors ﬁrst, both our initial irises were designed to ﬁt over and in front of the Eiki
lens assemblies. We later made an adapter to ﬁt the Polaroid
projector.
Sgt Douglas R. Glosson and I disassembled a miniature
iris found in a box of special effects odd and ends. (Check
some of your old super-nova projectors.) We scaled up the
parts to sufﬁcient size to cover the lenses. We made machine
drawings of the individual parts. (See attached drawings, ﬁgures 1–4.) We were fortunate that the Academy has a “training devices” shop where the workers could manufacture the
parts we needed. We could have produced them “in-house”

Figure 1. Make five iris shutter blades.

Figure 2. Top actuator ring has 4 pins 3/8” long and 1 pin 1” long.
with our own lathe and milling machine and hand tools but
with our busy schedule we thought we would save time by
sending them to the other shop.
When they came back the machinists had not followed tolerances too well so some work was required, such as, using
different size machine screws and eventually making a plastic insert to make the action a little smoother.
Sgt Glosson, a jack of all trades, located some Radio Control Servo-mechanisms at a yard sale! He designed a circuit
board (See attached drawing 5) which allowed our automation
system to control the irises. The automation system was a R.A.
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Grey; even when we added the East Coast Control front end, it
still works. We found they open and close wonderfully and are
pretty quiet and very fast. We discovered a side beneﬁt: by
only applying partial power to the servo we could control the
speed and the amount of aperture the irises presented. If a
rotating globe or small object was at the center of the screen
we could selectively block out the corners and present a better

view with the much maligned LCD projectors.
The mechanical drawings are based on an iris we found.
It may be to your advantage to scale up an iris from your
own collection as dismantling the iris will give you valuable
insights in the construction of your larger version.
The circuit drawing gives instructions for modiﬁcation of
the circuit for most known systems.
✹

Figure 3. Adapter: make to fit your projector lens.

Figure 4. This is a composite of all pieces.

Figure 5. Electrical diagram. Note: Resistor 1 can have different values depending upon your system parameters.
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Gizzies, Ghosts, Goblins and Rain
Gary Tomlinson
Chaffee Planetarium, Public Museum of Grand Rapids, 272 Pearl NW, Grand Rapids, MI 49504, USA
Phone: +1 (616) 456-3532 Fax: +1 (616) 456-3873 Email: gtomlins@triton.net

This paper will detail three different unusual special effects for the planetarium
1. Gizzies are attachments to slide projectors that transform these projectors into a kinetic marvel
2. Using a power antenna, retractable 3-D effects can appear from “no where”
3. Using agricultural fruit sprayers plus a submersible pump produces a special effect that delivers rain into you theater
Note: All costs are in U.S. dollars.
Gizzies
At the Chaffee Planetarium, we used to use polarizers, warble
wheels, color wheels, etc. in many of our shows and each
such slide would take a special effect projector that could
only be used for that one particular effect. After a while
our projection gallery was jam packed with those special
effect projectors. So we decided that rather than making a
projector for each effect, we’d make a special effect device
that would move in front of a “normal” slide projector that
would produce the desired effect. This device is what we call
a Gizzy.
The ones we built for our new facility mount on our AccuoPro projector stands so when the projector is aligned, the
gizzy stays positioned in front of the projection lens. In our
old facility, we also had gizzies that were of different design.
In those, we used a non-reversible motor as opposed to a
reversible one as in the current model. The nice thing about
the current model is that it does not take up a lot of space.
The cost per gizzy is about $55.00 (does not include the cost
of the gizzy proper, i.e. the polarizer, the color wheel, etc.).
Construction
To start construction, you need 1/8th inch aluminum plate
about 8Ω8 inches. This needs to be cut according to the dia-

Figure 1. Base plate.

gram (ﬁgure 1). The size of the sides can vary from the indicated 6 inches (about the minimum) to 8 or more inches,
depending on how far the lens sticks out of your projector.
We get the aluminum plate from a scrap iron dealer. We got
enough plate to make 10 gizzies for $15.00. In addition, you
need the following parts (Table 1):
Table 1. Gizzy part list
Qty
1
1
1
1
1
2

1
1

Item
Cost
8 x 8" aluminum plate
1.50
12" section of sliding door track (Stanley 1752-60)
3.00
Sliding door hanger (Stanley 1051 carrier)
7.00
3" by 1 1/2" angle aluminum
0.70
9" by 1/4-20 threaded rod
1.00
Micro switches (Burgess V4NS-YC/715 V4NS-YC/UL)
19.36
Misc. items including:
Knock out box
6-32 bolts and nuts
6-32 lock nuts
1/20 nuts
1/4" lock washer
1" 1/4-20 coupler
1/4-20 rubber wellnut
3/16 x 3/4" bolt-allen head
2-40 x 5/8" bolts and nuts (for the micro switches)
4.00
Positioning motor (Hurst #A-3002-020 120 RPM reversible) 9.95
Gizzy motor (e.g. Hurst #A-3002-016 60 RPM reversible) 9.95
TOTAL
56.46

The retail cost for the above motors is about $42.00 each,
but we buy them at the above price from Herbach and Rademen. The 120-RPM motor takes about 30 seconds to move
the gizzy into position. The 60-RPM motors do not need
to be reversible and if used to gizzy other things besides a
polarizer, need not be that speed. The 120-RPM Hurst motor
has enough torque to do the job. Other motors you have
laying around may also be strong enough.
The lock nuts are used to secure the positioning motor.
Depending on how well you aligned the motor connection
bracket, the threaded rod and the sliding (pocket) door
track, sometimes this motor needs to be ﬁrmly, but loosely
secured to the base plate. This reduces the noise.
The heart of the Gizzy is the track and door hanger. The
track comes in different lengths and we just cut it the size
we wanted. You need to remove the bolt that comes with the

IPS 2000 Conference Proceedings ✹ 159

Planetarium Hardware
hanger and it replace with the 3/16 Ω 3/4 allen head bolt.
Under the bracket this bolt goes into is where the rubber
wellnut slopes ﬁrmly in. This holds the threaded rod.
Wiring
The wiring is fairly straightforward (see Figure 2, below). The
micro switches are used to turn off the positioning motor
when it is either moved into or out of place. Our control
system has two on and off switches for each thing it can control, so I use one “on” switch to move the gizzy into gizzing
position. When this switch is turned off, the gizzy returns to
its non-gizzing position, ready to project normal slides. The
other switch I use to make it gizzy. This way the gizzy can
be in place but with no motion. You can have a slide projected with dark, non-moving polarized lines and then all of
a sudden add motion if you wish.
The micro switches are of special design to meet wiring

Figure 2. Wiring diagram.
codes. They are pre-wired with 12" wires. If you don’t care
about wiring codes, then just about any micro switch that
ﬁts within the sliding door track would work.
Address:
Herbach and Rademen
16 Roland Ave
Mt. Laurel NJ 08054
1-800-848-8001 www.herbach.com sales@herbach.com
Power Antenna
For our Halloween Laser Light Show, we wanted to have some
type of unusual and scary special effects. We did the skulls
and Jack-o-lanterns behind the dome, chase lights in the
shape of a giant Jack-o-lantern and a ghost with movable jaw
and eyes that light up, but we wanted something more. We
brought a crappie rod (collapsible ﬁshing pole) and mounted
a noise making, lighted ghost on the end to ﬂy over the
audience, but we still wanted more. So we purchased (from
“Things You Never Knew Existed,” “Brainstorms” and “Archie
McPhee”) hard plastic skulls with moving jaws and soft plastic bony skulls that wiggle and have eyes that light up,
plus two wiggle hands (think of “Thing” from the “Addams
Family”).
We adapted each of these to run on a power supply so we
wouldn’t have to change batteries, and also so we could turn
them on and off with our automation system. But just having
these items sitting on our center projector wall was not
desirable. Everyone could see them upon entry. We thought
about having our show operator crawl out to the center “pit”
and set these items up in the dark during the show and take
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them down before the show was over, but we wanted something more sophisticated.
Enter the power car antenna: but would it be strong
enough? It was. It had to be modiﬁed so the last section
(the solid, thinner part) did not extend so the weight of the
effect was borne by the 2nd from the top section. This was
done by unscrewing the top decorative nut and threading
the top of the 2nd from the top section. When a coupling
nut is threaded onto this section and there is a bolt in the
other end, the antenna only extends up to the 2nd from the
top section making the antenna stronger. We mounted the
effects on this threaded second section and the antenna had
no problem rising the effects up and down. It does however
sway a little but that only adds to the effect. I used a NAPA #
730-1151 Black Power Antenna. Cost was about $60.00.
Other uses might include a bright light bulb to represent
the Sun for Moon phases demonstration or a “Moon” illuminated by a single light source for a participatory show.
Depending on where the audience was seated, they would
see a different phase akin to where the Moon is at with
respect to the Earth and the Sun.
Addresses:
Brainstorms
8221 Kimball
Skokie IL 60076, USA
1-800-231-6000

Archie McPhee
P.O. Box 30852
Seattle WA 98103, USA
+1 (425) 745-0711

Things You Never Knew Existed
4514 19th. Street Court East
Box 25600
Bradenton FL 34206, USA
+1 (941) 747-6645
Rain!
In some of our programming at Chaffee, we have occasion for
storm sequences in the theater. In our old facility (30-foot
dome) we used to use squirt bottles to make it rain. Everybody was seated close enough to make this an effective
method of getting people wet. But, in our new facility
(50-foot dome), unless we used air compressors with the
squirt bottles, we could not reach all seats with water.
Since getting wet inside the planetarium has proven to
be a very memorable effect, especially for young kids, we
wanted to continue to let it rain in our chamber. Well, for
about $50.00 per rain projector, we were able to solve that
problem. But ﬁrst some cautions. Since we were going to
be spraying water into the chamber, where our Digistar sits
with its 40,000 volt power supply, we wanted to make sure
that not only did we not spot the lens of the Digistar (or
any projector for that matter), we didn’t want to blow up the
place. We were able to design a projector that accomplished
our goals without getting the center of the room wet. By
using fruit sprayers, two mounted together but at an angle to
each other and by adjusting the spray pattern, we were able
to insure that the water went where we wanted.
We gimbaled the sprayer nozzles onto a movable pivot
arm that was motor driven causing the sprayers to oscillate
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back and forth. The sprayers are connected to a submersible
pump that we just turn on and off in spurts. This gives—not
a continuous spray—but an occasional few drops of water
onto our visitors that leaves a lasting impression.
The one thing we were not able to do was to insure that
water did not drop onto our cove lighting system of colored

incandescent bulbs. If these bulbs are on (i.e. HOT) and
the room temperature water hits these bulbs, then a wonderful light show effect takes place. The bulbs explode with a
shower of sparks and ﬂame. Everybody asks to see this again
when we show off our rain projectors without remembering
to let the bulbs cool ﬁrst.
✹

Goto the Future
Toshikatsu Yasuda
Goto Optical Mfg. Co., 4-16 Yazakicho, Fuchushi, Tokyo 183-8530, Japan
Phone: +81-42-3625312 Fax: +81-42-3619571 Email: t0640yas@goto.co.jp

1. News of Goto and Japan (Goto’s latest installations):
Virtuarium systems (Fujigawa and Matsue), 1 Uranus (Fukuoka), 1 Planetarium Model GS (Bishop Museum);
2. News from our product development:
Foresiter development, Small Planetarium Development, and
Digital Media Projection System;
3. News from Goto people:
Introduction of New US Representative, Mr. Miller and Goto
team (ASH Enterprises International Inc., MMI Corporation
and Goto staff from Japan);
4. About Goto participation at IPS2000 :
Demonstration of Foresiter (New Control System), Digital
Media Projection System and Planetarium Objection!
I would like to spend my 10 minutes to talk about the latest
updates in our company. Since the last IPS in London, we
have had a dramatic change in our team members (including
myself!) so I would like to take this opportunity to introduce

ourselves ﬁrst. More importantly, I would like to talk about
the latest impacts we made in the planetarium community.
We have a wide variety of products and we are the only planetarium vendor who has products to cover the whole range
of dome sizes, from 3 meter portable domes up to the world’s
largest (30 meter) dome which is recorded in the Guinness
Book of Records. I would also like to talk brieﬂy about
our participation in IPS 2000 in Montreal, along with our
workshop titled “Remote Telescope — Education Over the
Network” co-organized with Media-i Corp. and Yamanashi
Prefectural Science Center.
We have set up a large (20ft by 16ft) vendor booth to demonstrate our new product which projects a panorama canvas
on the dome screen. On the canvas, you can do freehand
drawing, play back video, browse the internet, control computer-generated characters with your voice, display live pictures from your video camera, play live telescope pictures
from your observatory, or use it simply as a digital panorama
projector with digitally scanned images. This will be available for you to try and see at our vendor booth along with
our control system, Foresiter. Also, we are widely open to
your opinions for a new small planetarium!!
✹
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Introducing the ZPS Portable Projector
Juan Carlos Zabalgoitia
Astronomía Educativa, C.C. 4184, 1000 Buenos Aires, Argentina
Phone: +54 11 4697-2815 Email: jczab@sinectis.com.ar

The ZPS (Zabalgoitia Planetarium System) is a portable star projector that has features not usually found in other portable models.
These features are shown and explained.
The ZPS (Zabalgoitia Planetarium System) is a simple portable projector, which presents many useful functions. It uses
the “pin-hole” camera method of projection. The source of
light is a pin-point halogen lamp with a high luminosity.
The distinctive
feature of this
projector, is that
the “Starball” is
a cube. The inclination of the
cube can be
varied over ninety
degrees so as to
simulate the sky
as seen from any
latitude.
Figure 1. The author inside the inflatable portaThe facets of
ble dome of the Planétarium of Montréal doing the cube consist
his presentation.
of a photographic ﬁlm showing the stars, even the face where the support is located. When you adjust its orientation so that its polar
axis is in the horizontal position it can clearly represent
almost all the stars of the
other hemisphere through its
transparent base. Naturally,
those stars which are located
nearest the pole will be missing. To see these, it will be
necessary to use the other
hemisphere cube. The projector is motorized to simulate celestial rotation. The
speed of the motor can be
controlled within a range of
0.1 to 2 r.p.m.
The projector comes with
a projection cube for each Figure 2. After the presentation,
hemisphere, so that the the attendants wanted to see the
whole of each hemisphere be projector in detail. Here the author
shown. It is easy to change with a cube in his hands showing it
from one hemisphere to the to the presentation’s attendants.
other. There is a switch to Below you can see the hand held
reverse the diurnal rotation slide projector for constellation
direction whenever the outlines.
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hemisphere is changed. Also available is a pair of hemisphere
cubes overprinted with the celestial co-ordinates.
As part of the projector’s general assembly, there is a hand
held constellation projector. This allows the operator to indicate the shape of the constellation and the mythological ﬁgure
behind it. Upon purchasing the projector, the customer can
choose which twenty constellations he or she wishes to buy.
This constellation projector can be used to show any other
slide that the operator desires. It is plugged into the control
panel where there is a controller for the lamp intensity.
The ZPS projector also projects the ﬁve naked eye planets:
Mercury, Venus, Mars, Jupiter and Saturn; the Sun and the
Moon, too. The illumination for the planet projector is also
independent from the main projector. This illumination too
has a variable control. There is also a “Blink” facility, so the
audience can pick out the location of the planets. The planet
projection is so arranged that the star ﬁeld is unobstructed.
As a safety measure, the voltage of the whole appliance
is restricted to 12 Volts DC. Mains current is not
allowed inside the dome. On two sides of the cabinet
are variably controlled lamps to illuminate the dome.
Also included is
a pointing light
with a luminous
arrow. All the
equipment
comes in a practical box which
can be used as a
table and which
has small wheels
to make transportation easier.
Figure 3. Erik Stengler (Spain), Nicolas Gulino
Up to the
(USA), the author, and Daniel Lapointe (Plané- present moment,
tarium of Montréal) behind the ZPS portable the projector has
star projector.
been used only in
Argentina. It has been received with so much enthusiasm, that
it was decided to offer the projector world wide. The projector
will be offered together with an inﬂatable dome. The diameters available are 5.0 m and 6.0 m.
✹
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The Role of Astronomy in Multi-purpose Theaters
Antonio Camarasa and José C. Guirado
L’Hemisfèric, Ciudad de las Artes y las Ciencias, Avenida Instituto Obrero Valenciano s/n, Esq. Autovia de El Saler, E-46013 Valencia, Spain.
Phone: +34-96-3355330 Fax: +34-96-3355331 Email: acamarasa@cac.es, jcguirado@cac.es

L’Hemisfèric, the Imax/planetarium theater in the Ciudad de las Artes y las Ciencias in Valencia, Spain, is open for more than two
years. From its beginning, astronomy shares theater time with Imax movies, and a high number of special (commercial) presentations. Despite the varied offerings of l’Hemisfèric, astronomy plays the preminent role in our theater. We review our experience in
dealing with programs and events related to astronomy in a multi-purpose theater like l’Hemisfèric.
The City of Arts and Sciences (CAC) is one of the greatest
cultural projects being developed at present. Spread over
350,000 square meters, CAC is made up of four buildings:
the Art Palace, l’Hemisfèric, the Science Museum and the
Oceanographic Park. L’Hemisfèric, the ﬁrst building ﬁnished, is original starting from its own architectural design.
The huge dome with a 32-meter diameter, rises up from
a rectangular pond of 24,000 m2 which surrounds it. The
hemisphere is covered by an external dome intended to represent, with the help of its reﬂection in the ponds, the shape
of the eye of wisdom.

astronomy has to be shared with the rest of the events taking
place in l’Hemisfèric. Therefore, in a high-demand theater
like ours, what is the real role of astronomy?
At ﬁrst, the natural consequence of a situation like the one
described above (time-sharing between astronomy and other
events) is a low number of astronomy/planetarium shows per
week (very rarely the number of Imax shows gets lower; Imax
movies used to be very demanding in terms of projection
time). However, this general rule does not always apply: Fig. 2
displays the evolution of Imax/planetarium weekly shows in
l’Hemisfèric for the ﬁrst year. We want to stress two facts
here: 1) the number of shows (of any kind) increased during
the ﬁrst year. This is just a consequence of the process of
getting the schedule more and more efﬁcient; 2) in percentage, the increase of planetarium shows is larger than that of
Imax (12/26, and 23/37 after the ﬁrst year). Obviously this
second fact is not arbitrary; modiﬁcations of the schedule
are directed to optimize the attendance of visitors; accordingly, the fact underlying these ﬁgures is that the theater occupancy in planetarium shows was larger than that of Imax shows.
This is a very peculiar fact, considering that the general tendency is just the opposite: an obscure future is predicted for
those who dare to compete with Imax! Our shows not only
could compete with Imax movies, but beat them.

Figure 1.
The inner part of the dome, the theater, the heart of
l’Hemisfèric, is not less impressive. With a capacity of more
than 300 seats, its hemispheric screen (24-meter diameter,
30-degree tilt) houses planetarium sessions, Imax movies,
and laser shows. Accordingly, l’Hemisfèric possesses suitable
technical equipment for these spectacles: Imax projector,
Omniscan laser, and a high-quality Zeiss Universarium VIII
planetarium projector.
L’Hemisfèric, a multi-purpose theater
Both the architecture and equipment of l’Hemisfèric make
this theater a unique place not only for planetarium and
Imax shows, but for a large variety of special events (in and
outdoors; around 80 events per year). In a high-proﬁle theater like ours, the time for shows (and the staff!) dedicated to

Figure 2.
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The following considerations may help to explain this
fact:
1) The planetarium programs were speciﬁcally scripted
and designed for our theater. Almost all possible equipment
is used: aside from the planetarium projector and the usual
systems of slide and video projectors, our shows use the Imax
sound source and, very frequently, Omniscan laser effects.
In particular our ﬁrst two shows (“Journey to Inﬁnity” and
“Encounters”) were written and directed by Bill Gutsch.
2) The planetarium shows are treated in a similar way
to the other events. A similar way means, equivalent ticket
price, time extent, premiere openings, equivalent advertising and marketing, etc.
Attendance and occupancy numbers during the ﬁrst year
were very encouraging to keep astronomy’s preeminent role
in l’Hemisfèric. But new surprises came during the second
year.
L’Hemisfèric and Fantasia 2000
In January 2000, Fantasia 2000, the ﬁrst Imax creation from
the Disney factory, opened in l’Hemisfèric. This great movie
has been a success in Valencia, with one of the largest attendances among Imax theaters showing this movie anywhere
in the world. It is not difﬁcult to imagine that the visitors’
preferences focused on Fantasia instead of astronomy shows.
Even more, one of the requirements of the Fantasia producers was that no other show could be scheduled together with
Fantasia 2000. Given this scheme, how to keep the astronomy shows up and running with decent attendances during
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the “Fantasia” period?
First of all, we negotiated with the Fantasia producers the
possibility of having planetarium shows scheduled together
with the Imax movie. This was considered a quite rare request
from our side (you are supposed to have more visitors in Fantasia 2000 than in any astronomy show). Again, the occupancy numbers of the ﬁrst year and the unique technical
quality of the shows looked like plausible arguments. We
even got planetarium shows during the weekends. The effect
of having both spectacles scheduled together is that the
planetarium shows beneﬁted from the Disney marketing
campaign, and the occupancy, if not as large as that of Fantasia 2000 (over 90%), was clearly comparable to some periods
of the ﬁrst year. Plus, the thousands of reservations for the
planetarium shows (school groups, for instance) made prior
to the opening of Fantasia 2000, remained effective.
In summary, the effort to keep astronomy alive in a theater
like l’Hemisfèric has been, in the long term, beneﬁcial for
the institution. Aside from planetarium shows, we are slowly
introducing more and more astronomy events: in November
1999, we had our ﬁrst international astronomy conference
held in l’Hemisfèric; in April 2000, the ﬁrst edition of
a yearly six-week astronomy course; new conferences are
already scheduled for September/November 2000… And
we will strenghten the presence of astronomy with further
events, exhibits, and collaborations. Without losing its multipurpose character, l’Hemisfèric has achieved its own astronomical personality, and it is becoming the reference for
astronomy in our community.
✹
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Corporate Support & Business As Usual:
Funding Your Planetarium
Jon Elvert
Director, Lane ESD Planetarium, 2300 Leo Harris Pkwy., Eugene, Oregon 97401, USA
Phone: +1 (541) 461-8227 Fax: +1 (541) 687-6459 Email: jelvert@lane.k12.or.us

Are your matinee tickets sales down again from last year? Laser and school show attendance off as well? What’s a planetarium to
do — Sell the seats? Your stars? More memberships? Are you constantly defending your budget and managing decline? Do you
really know who your customers are or why they come? Are you selling too much of the glitz and not enough education (or the
other way around)? This paper suggests some customer oriented ways of promoting the planetarium, which have contributed to
our planetarium becoming self-supporting. These ideas include program marketing, sponsorships, business collaboration, getting
others to purchase equipment for you, and buying into the success of the planetarium.
Most budget-minded planetarians, at one time or other,
have been challenged to justify their budgets, programs,
stafﬁng and vision — in essence, the existence of their planetarium. Most often we’re asked to do this when we’re not
meeting those projected revenues and attendance goals. For
some of us, this justiﬁcation might be part of an annual
report. But when you ﬁnd yourself throughout the year
spending more time and creativity in defending why public
or school interest is in decline, you may have noticed that
managing this decline has become part of your job! I’ve tried
a number of tactics to “justify” continued support of the
planetarium, but I keep using two strategies that seem to be
more successful than others: 1) know your audience (your
public community and student/teacher needs) and how to
reach them; 2) involve businesses or the private sector to
support (directly or indirectly) the planetarium. Both these
strategies really work well when they are tied to a special
event or a non-conventional program.
Planetariums are unique environments and we do not
ever need to sacriﬁce educational quality while seeking business promotion or marketing support for those programs.
In Eugene, there are a lot of people both from the business
and private sectors who want to invest in education, learning technologies and community cultural events, but these
investors are also expecting their investments to be a success. By providing a successful program — a product —
these investors will want to promote additional programs
or events and see the planetarium succeed. In this sense
they have become investors. Give prospective donors a purpose — a direction in which their contribution will make
a difference; produce short term positive results but long
term community beneﬁts, and these partnerships will renew
themselves.
I’ve been approaching local businesses in an effort to
get their support for event programs and advertising. An
event program can be a collaborative effort. For us, the
program “Where in the Universe is Carmen Sandiego?”™
was a collaborative effort which produced immediate pos-

itive results. Its success was linked to name recognition,
business sponsorship/marketing and an environment that
only the planetarium can provide. By sharing these results of
increased revenues and attendance with other prospective
supporting businesses, the likelihood of getting their support is even greater. The key, however, to a non-conventional
program like “Carmen” (or some other special programming) is to market it as an “event.” Businesses and your local
media tend to pay more attention to an event rather than
just another show at the planetarium. The celestial events
of comets and solar eclipses in recent years have produced
record attendance. But why wait around for the next visible
celestial phenomenon? Promote the planetarium by alternating the format of your programming to include an occasional special event. The results produce renewed interest
and awareness in the planetarium.
This community support, or individual donors, need to
buy into the planetarium’s vision — its educational and cultural mission — and make the planetarium a part of its community resources. The more the community is aware of the
planetarium, the more individuals begin to become shareholders in the success of the planetarium. In my case, businesses have purchased major pieces of equipment (the glitz),
programs and marketing to help further the educational
need for a planetarium.
The lesson learned here is: creative, innovative methods
of teaching; involving community support; knowing your
customers and how they perceive the planetarium; promoting non-conventional programs with community support;
having donors believe in your vision, and your enthusiasm,
so that they become dedicated to your goals and needs. This
formula just may help the planetarium become more integrated in the community and ultimately lets you envision its
future rather than defending its decline. It’s a good time for
good things to happen.
✹
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A Space Station Lands in St. Louis!
Terri Gipson
Project Director, McDonnell Planetarium Redevelopment, St. Louis Science Center, 5050 Oakland Avenue, St. Louis, MO 63110, USA
Phone: +1 (314) 533-8369 Fax: +1 (314) 533-8769 Email: tgipson@slsc.org

The St. Louis Science Center, like similar institutions throughout the country, has reevaluated the role of the planetarium within its
organization and community. Addressing audience interests and institutional mission, the St. Louis Science Center is developing a
flexible planetarium concept amidst an immersive exhibit. Our space science facility will feature interactive exhibits on key topics
in astronomy and space technology, in the environment of an operating Space Station. Visitors will move freely between exhibits,
activities and an 80-foot dome, in a unique learning environment supporting personal exploration and discovery. Capitalizing on
the innovative fiber optic technology of the Zeiss Universarium, a brilliant star field will always be accessible. Visitors will gaze upon
the stars as if they just strolled into their backyard. Ambient light will allow them to view the projected star field, yet see well enough
to move around, record notes, complete activities or follow constellation maps.
The St. Louis Science Center, like similar institutions
throughout the country, has long offered its visitors a traditional planetarium experience. Visitors sit in a darkened
auditorium and watch passively while star ﬁelds and laser
images are projected onto a large, central dome. In the year
2001, at the dawn of the new millennium, the St. Louis Science Center will open a completely redesigned McDonnell
Planetarium Building. With this project, the Science Center
is proposing a new, groundbreaking model for the star show
experience and immersive exhibit environment.
The distinctive hyperbolic shape of the McDonnell Planetarium will remain untouched by this renovation, but the
building’s interior will reﬂect an entirely new vision. The
McDonnell Planetarium’s interior space complements its
unique exterior. All levels in the building are circular, presenting special design opportunities and challenges. Capitalizing on the structure’s unique architecture and in keeping
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with the project’s space, environment, and technology content objectives, the McDonnell Planetarium will be transformed into a space station.
Imagine stepping into an elevator — not a humble, utilitarian elevator, but a transporter to a new realm. A 30-personcapacity elevator will be converted into a spacecraft outﬁtted
with monitors and control console to launch visitors on their
journey to the Boeing Space Station. As the occupants track
the speed and trajectory of their trip, they will also encounter changes in airﬂow, lighting effects, and the sound and
vibration of engines. All of these stimuli will promote a sense
of suspended disbelief and heightened curiosity.
As the elevator doors open and visitors step out onto the
StarBridge or mezzanine, a glorious sight will greet them, a
view of a brilliant star ﬁeld. Exhibits on the StarBridge will
address basic astronomical research, space exploration and
critical space station operations.

Planetarium Operation and Design Issues
Winding down the stairs from the StarBridge, visitors will
ﬁnd exhibit modules that hug the perimeter of the building, opening up the central area into a dramatic, yet inviting space, capped by a luminous star ﬁeld — the StarBay.
From the StarBay, visitors will be able to gaze upon the stars
at their leisure, without any physical obstructions. It will be
like walking into your backyard to see the stars. The planetarium starﬁeld will be on display for visitors during all open
hours of the museum.

Twice an hour, gallery staff will lead interactive star demos
under the dome. Instead of simply viewing star ﬁelds, visitors will actively construct their own learning experiences.
For example, we may ask visitors to predict the movement
of stars, or planets and then put the sky in motion to test
their theories. This approach promotes inquiry-based learning, which supports improved understanding.
In this new environment, school children will be able to
view the star ﬁeld and see well enough to chart personal
notes and complete educational activities. Adults will also
be able to follow along with printed constellation maps and
other materials, if desired. Urban youth who have never
experienced the full impact of the night sky due to bright
city lights may ﬁnally be able to do so during after-hours
Camp-Ins under the stars.
The redevelopment of the McDonnell Planetarium is a oneof-a-kind project that requires specialized design strategies.
The St. Louis Science Center is creating a new, open environment for a projector that utilizes the extremely bright, but
realistic star ﬁelds produced by new planetarium technology. We will create the spacious, open environment of the
StarBay by removing an existing 60-foot dome and replacing
it with an 80-foot dome pushed to the top of the building.
To realize this vision we will utilize the Zeiss Universarium,
a powerful planetarium projector that is capable of projecting a brilliant star ﬁeld in ambient light. As these examples illustrate, this new approach opens up many exciting
programming options that have previously been impossible
in traditional planetarium environments. It’s a new model
for the science museum ﬁeld and the opportunities are as
boundless as the night sky.
You have just read the public relations version of the

McDonnell Planetarium Redevelopment plan. It may be a
little “slick”, but it does capture the nature and intended
“feel” for the new space sciences facility at the St. Louis Science Center (SLSC).
For about the last eight years, the SLSC has been exploring
options for a new planetarium and space sciences gallery. We
did not set out to design a unique planetarium environment,
but we did. We created this planetarium approach not for the
sake of being different, but in response to the speciﬁc set of circumstances and needs in our science center and community.
The SLSC takes an integrated approach to science that
focuses on four major content areas, Technology, Space,
Humanity and the Environment. These four subject areas
were combined into our space station project, Living and
Working in Space. Space is the environment that we study
and explore. Technology allows us to survive in this hostile
environment as we research its impact on us as individuals
and as inhabitants en masse of planet Earth.
Over the past seven years, we have evaluated several exhibit
options and collected data from focus groups, one-on-one
interviews and surveys to test our visitor’s thoughts, interests
and basic understanding of the space sciences (particularly
astronomy). Our Night Sky Update Line is well used and we
receive more calls into the Science Center about astronomy,
speciﬁcally the appearance of, or events happening in the
night sky, than any other topic. Yet attendance to our planetarium was low even though science center members and
their families were allowed in free. Approximately 8% of our
visitors frequented the planetarium. We wanted to support
our visitor interests and manage production costs. The SLSC
elected to open up the planetarium to all our visitors at no
cost and simplify our programming.

These are just some of the factors that inﬂuenced the decision to transform the McDonnell Planetarium Building into
a space station and to open up the planetarium environment. It is taking a risk and it may not be the choice for
everyone, but it doesn’t have to be. It supports the St. Louis
Science Center mission, content focus, our philosophy of
inquiry-based learning, and offers us a chance to experience
and evaluate new options for astronomy and the space science education.
✹
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Designing a Planetarium for the Next Millennium
Philip Groce
President of Helping Planetariums Succeed, MegaSystems, 619 Orange Street, Macon, GA 31201, USA
Phone: +1 (912) 750-7870 Fax: +1 (912) 750-7826 Email: groce@mto.infi.net

The Louisiana Arts & Science Center (LASC) in Baton Rouge, Louisiana retained Philip Groce of Helping Planetariums Succeed to
develop a new planetarium to open in 2001. This 18.3 meter dome facility will be one of best equipped planetariums in the world
with a high quality Minolta Infinium Beta II star projector with infra-red remote control, combined with a SkyVision video-matrix
system and all-sky/panorama system, an Omniscan full-dome laser graphics system, a 70mm large-format film system, and a sixchannel digital sound system, all projected on an Astro-Tec dome. These manufacturers have joined their technological skills to
create a cost-effective world-class Space Theater for LASC. The total project is $13 million, five of which will be used to endow, in
part, the operational costs of the facility. This progressive and long-term planning guarantees the future success of the theater and
should serve as a model for all future space theater projects. This paper addresses the challenge of creating a planetarium for the
next century.
Planetariums are wonderful and often unpredictable institutions. They have such a short history that even simply deﬁning the nature of planetariums can be controversial. Even
riskier is trying to predict what a planetarium will be or
should be in the next millennium.
Judgements on the
merits
of
previous
designs must also be
tempered by the context in which they are
used. For instance there
is a privately owned planetarium at a Florida
tourist attraction in St.
Augustine, Florida. This
planetarium features a
thirty-foot dome and the
same Sptiz A2 projector
that was installed in
1959. The audience sits
in the round on hardwood benches and there
are no slides or video
projections. A largescale three-dimensional
replica of a 16th century Spanish Ship with a large mast dramatically demonstrates the science of sailing by the stars to
the New World. By today’s or probably any future standard,
this is an unlikely candidate for a successful planetarium
design. However, in the context of its mission or use, it is
one of the most successful planetariums in the US, averaging
between 150,000 and 200,000 visitors a year over the last
40 years.
What design criteria should we use today to build a planetarium for the next 40 years or for the next millennium?
The Louisiana Arts and Science Center (LASC) in Baton
Rouge, Louisiana is faced with such as challenge. As their
design consultant, I put together a survey showing current
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directions or trends in planetarium design:
• Larger dome sizes (>15 meters);
• Unidirectional or Epicentric seating/stadium seating on
tilted domes;
• Fewer seats/more comfortable seating/better sight-lines;
• Near seamless domes – Tilted 12 to 30 degrees;
• Partial dome sections – 160 to 170 degrees;
• Darker Domes (30% to 48% reﬂectivity) for reduced crossreﬂections and greater contrast/color saturation;
• Optical-mechanical star-projectors combined with fulldome laser-graphics or full-dome monochromatic CRT
projection (Digistar);
• Full-dome and partial-dome, full-color video-matrix CRT
systems;
• Rise of 870 motion picture systems;
• Brighter optical-mechanical star projections with smaller
and more realistic stars;
• Six-channel sound systems conforming to motion picture
and large-format ﬁlm standards;
• Hard-drive storage of both audio and video (computer)
sources;
• Theatre design/technology encourages audience participation and a return to the human presence in planetariums.
A primary design goal for the new Baton Rouge Planetarium is a realistic presentation of the night sky. My 32 years
of comparing planetarium skies to the real sky have always
left me disappointed in our artiﬁcial skies. In recent years,
the new star machines are far brighter and the stars far
smaller and more realistic. Regrettably, current planetarium
designs fail to take advantage of the great advances made by
such companies as Goto, Minolta and Zeiss.
Unfortunately, there is only one viewpoint where a planetarium sky has positional and size accuracy and realism, and
that is at the optical center of the dome or the center of the
star ball. Anyone who has ever climbed a ladder to install or
align a new star lamp knows the thrill of seeing star patterns
as large as they are in the real sky. Orion is a big and impres-
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Figure 1. Floor plan of the new Hayden Planetarium.

Figure 2. Cross-section of the new Hayden Planetarium.

sive star grouping in the real sky, but in planetariums, as seen from far below in the crater
of the seating area, it appears small and unimpressive. The ideal planetarium would place the
dome viewing area as close to the dome radius
(R) distance as possible.
If we look at the new incarnation of the
Hayden Planetarium in New York, we discover a
facility which ﬂies in the face of current design
trends. The seating is circular instead of unidirectional. The dome is not tilted. The seating
is, however, raked and resembles an amphitheatre.
The dome is not a 180-degree dome. It is a
165.58-degree dome section of a 70' (21.5 m)
hemisphere. Audiences looking across the theatre at a constellation 30 degrees above the
horizon see it greatly diminished at a seat-todome distance varying from 1.37 to 1.87 times
the dome radius (R).
Other than the full-dome video-matrix
system, there is little in the new Hayden planetarium that speaks to a planetarium design
for the next millennium. However, like the St.
Augustine planetarium, this theatre must be
placed in the context of its mission. It is obvious
that seating number requirements and other
projection criteria determined the design. The
day I visited the Hayden all of its programs
were sold out and, if this trend continues, the
Hayden will easily brag of an attendance of
more than one million visitors in its opening
year, a record for this industry. And no matter
how critical I may be of this design, it is difﬁcult to argue with such a success.
So what will be Baton Rouge’s answer to these
design issues?
• The dome will be a 160-degree section of
a 60' hemisphere, tilted 14 degrees. But
the seating rises sharply to take the audience above the springline and closer to the
dome. Audiences looking at a constellation
30 degrees above the dome horizon will view
it from a far more impressive distance of
just 1.0 to 1.66 times the dome radius. This
more immersive view will take advantage of
the high-resolution 15,000 stars produced
by the Minolta Inﬁnium II star projector.
• The seating will be unidirectional so that
everyone in the audience will have the same
view at the same time. The seating will be
spacious, 48" from back to back for greater
access, comfort and better sight-lines. There
are very few seats in front of the star machine.
Because seating numbers are not an issue,
we can afford to eliminate poor sight-line
seating which plagues many planetariums.
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We can achieve this user-friendly seating, in
part, because we eliminated the need for a
control console inside the theater.
• The 160 degree dome allows the star-machine
and other projectors to always be in the theatre without blocking the audience’s view of
the sky. This eliminated the need and associated costs for equipment elevators.
• The dome will have a 45% reﬂectivity for
greater color saturation of its 870 projections, its SkyVision Video-matrix system imagery, its Omniscan laser and its all-sky and
panorama systems.
• The sound will be a 15,000 watt six-channel
system which exceeds the SMPTE standard
for motion picture sound systems.
• For all of this wonderful leading-edge technology, LASC believes the planetarium of the
future will be participatory and have greater Figure 3. Cross-section of the new Baton Rouge Planetarium.
human presence and not be in the form of
push-buttons in seats. To this end, LASC commissioned Minolta Planetariums to create a
hand-held infra-red control system which will
allow a presenter or any designated member
of the audience to control from any point
in the theatre almost every aspect of the
planetarium including planetarium motions.
This infra-red hand-held controller can also
select up to 36 macro-functions which can
be pre-programmed events of any complexity or length and control not only the star
machine but also the video, slide, lighting,
ﬁlm and laser systems. The primary purpose
of this remote-control system is to free the
presenter from the console and encourage
interaction with the planetarium audience.
• Finally, the most important design element is
one that cannot be seen. Executive Director
Carol Gikas, led by a forward-thinking Board
of Directors, has recognized that the most
important element of the planetarium of the
future is people. To this end, she included a
$5 million dollar endowment in LASC’s funding campaign. The earnings from this endowment will only be used to pay staff, defray
operating expenses, and insure the economic
well-being of the planetarium.
The Planetarium of the next Millennium will
continue its evolution and face new challenges, Figure 4. Floor plan of the new Baton Rouge Planetarium.
issues and questions.
• Will Projection Television Manufacturers disnew type of presentation theatre a planetarium?
continue CRT technology in the near future. What does
At the MAPS 2000 Conference, I was fortunate enough
this mean for integrated video-matrix systems? What will to witness John Stoke give an historical perspective to this
replace it?
issue when he presented his Margaret Noble Address. In that
• What is the desired brightness/size of stars for greatest speech, John related the early history of the Hayden Planrealism?
etarium in New York.
• Will we see a pitless planetarium in the near future? Is this
Within a few years after its 1935 opening, the then-new
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Hayden Planetarium was considered a failure with low attendance and a huge debt service. In a report, Robert Moses,
Commissioner of Parks for New York City, outlined a number
of solutions to trustees. Among the solutions seriously considered was closing the Hayden Planetarium forever.
The Hayden suffered in comparison to other forms of
learning and entertainment showcased in the World’s Fair
of 1939. Among these wonderful exhibits at the fair was the
General Motors Pavillion, Futurama, created by the great
American industrial designer Norman Bel Geddes. In Futurama we see the future of the American landscape with superhighways and urban sprawl. We also see the future of themed
entertainment — a future adopted by Disney and Epcot
today. The Hayden’s cut-out skyline could not compete with
the thousands of intricate lighted model buildings, trees and
moving cars of Futurama.
To help re-invent the Hayden, Moses appointed Bel Geddes’
ﬁrm to study the planetarium and make recommendations.
Some of the observations and recommendations are as relevant today as they were in 1939.
“On reaching the auditorium, the spectator is… confronted by a mysterious machine… its constant mechanical presence links the spectator to the room and prevents
his imagination from carrying him millions of miles into
space. It is as wrong to have this machine remain visible
during its operation as it would be for an audience to
watch a play from backstage.”
Bel Geddes apparently despised the circular seating and

offered unidirectional stadium seating.
“Obviously from a quarter to half of the entertainment
which the audience is watching takes place directly over
their heads or behind them. The cumulative effect of constant neck-craning is in conflict with a basic element of
theatrical technique: the audience must be in a state of
relaxation in order to give sway to their imaginations and
emotions…
“As the audience enters the main auditorium, the lighting
should be twilight with the sun setting. The music should
be specially recorded to enhance the mystery. The audience faces a single focal point away from which each row
of chairs is elevated.”
Bel Geddes insisted that “The audience must experience
the illusion of being transported into space, where they
view the celestial actors from startling points of view.”
“It is vital, in presenting educational entertainment, that
the museum atmosphere be replaced by a mystic and dramatic quality. This atmosphere should… envelop the spectator without interruption.”
Unfortunately, WWII and other world events placed this
new planetarium vision on hold. Over time, it was forgotten
and the Hayden managed to ﬁnally ﬁnd an audience.
However, Bel Geddes’ prophetic words of the past perfectly
describe the planetarium of the future. They describe an
inspiring and immersive planetarium… a planetarium just
like the one proposed for Baton Rouge.
✹
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Renewing the Griffith Observatory
Dr. E. C. Krupp1 and John Mosley2
1

2
Director
Program Supervisor
Griffith Observatory, 2800 E. Observatory Rd., Los Angeles, California 90027, USA
Phone: +1 (323) 664-1181 Fax: +1 (323) 663-4323 Email: jmosley@griffithobs.org

At this IPS meeting we announce plans for the renewal of Griffith Observatory — a landmark facility that has seen no major renovation since 1935. Our philosophy, that emphasizes seeing the stars and an experiential approach to the sky, has guided us to develop
a cohesive plan to renew existing spaces and create new ones. The renewed planetarium theater, which retains a horizontal dome
and live presentations, will feature a Zeiss Mark-9 planetarium projector and all-dome video projection system. New spaces feature
a book and gift shop, food service, 200-seat raked auditorium, and an expanded exhibit area. All exhibits will be renewed. The existing classical building will be restored to its original historic fabric, and new construction will take place underground. The building
will be closed in 2002 and 2003. Upon reopening in 2004, the Observatory will resume its role of interpreting the sky through
storytelling in its many forms.
For more than six decades, Grifﬁth Observatory has fulﬁlled
its mission of enhancing public understanding of the sky.
Perched on the slope of Mt. Hollywood and overlooking Los
Angeles, the Observatory was a gift of Col. Grifﬁth, who had
earlier donated the land for Grifﬁth Park, and the Observatory is administered by the Department of Recreation and
Parks of the City of Los Angeles. According to Col. Grifﬁth’s
wishes, admission to the Observatory and its telescopes is
free, although there is a modest $4 charge for admission
to public planetarium shows. The landmark thirties moderne building is a popular destination for local families and
young people as well as tourists, especially at night when
millions of city lights are spread out below, and it is celebrated as one of the most romantic spots in Los Angeles. It is
also a popular location for Hollywood’s most famous industry, and it has been featured in hundreds of movies and television shows.
The Observatory interprets the sky through the Hall of
Science astronomy museum; through solar telescopes that
display images of the sun on sunny days; through a 12-inch
(30-centimeter) Zeiss refracting telescope that is turned
toward the moon and planets at night; through news releases
and special lectures; through planetarium shows; through
the world wide web; and through a deluge of e-mail and correspondence from around the world.
In 1964, the original Zeiss Mark II star projector was
replaced with a Mark IV, but that is the only signiﬁcant
improvement since 1935! — despite the fact that the number
of people who enter through the bronze doors each year —
nearly two million — is now greater than the entire population of Los Angeles was when the Observatory ﬁrst opened.
We are pleased to announce today that funds have been
secured from both public and private sources to renovate
completely the Grifﬁth Observatory and to make substantial additions to the existing landmark structure that will
propel it well into the next century. I’d like to describe this
$58,000,000 project.
First, the planetarium theater will be completely gutted.
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The existing plaster dome, seats, wall, ﬂoor, and equipment
will be removed. What will remain is our show philosophy,
which emphasizes observing the actual sky. This leads us to
retain a horizontal ﬂoor and a 180° horizontal dome, but
to convert from a concentric seating plan to unidirectional.
The audience of 300 will face the southern part of the sky
and a low performing stage under a new 23 meter dome —
which will remain, as it has been, the largest planetarium
dome in California. As always, our school and our public
shows will be presented live by a skilled narrator who humanizes astronomy in shows that have strong storytelling value.
Ian McLennan recently urged that “By going back to the
basics of a live presenter, we have the opportunity to reintroduce professional theatrics … that can assist us in reaching the public at a very high level of engagement including
fundamental and excellent storytelling.”† Grifﬁth has always
embraced this principle and has not and will not present
prerecorded “movies” in the planetarium theater.
I am pleased to announce that our venerable Zeiss Mark
IV will be replaced by a Zeiss Mark IX, and Grifﬁth will continue its more than 65-year tradition of displaying the best
possible sky. Our thanks to Pearl Reilly and the good folks at
Seiler Instruments and Carl Zeiss Jena for making it possible
to own such a marvelous machine.
Our miscellaneous collection of dozens of slide and special effects projectors will be replaced by one system: the
Zeiss All Dome Laser Image Projector. The dream of being
able to place bright, colorful, seamless, moving images anywhere on the dome and to move them to any other place will
soon be a reality, and Grifﬁth anticipates ordering the ﬁrst
all-dome laser video system for a planetarium theater. I can’t
tell you how excited we are about being able to ﬁll the dome
with color and motion — or just to put a simple graphic precisely where we want it.
We do not, however, intend to be seduced by technology.
†

“Reﬂections on Planetarium Design and Operation,” Planetarian,
September 1999, pp. 5-7
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The ADLIP system will give us brighter, larger, and more
dynamic visuals, but the visuals will not dictate the show
content or style. The story will remain king. Shows at Grifﬁth
have not been and will not become “rides” where thrill
replaces content. These technological wonders are tools to
accomplish our storytelling goals, and we shall use them,
rather than allow them to use us.
We expect our new planetarium theater to be fully booked
with exciting, live, planetarium shows, and so we shall construct a new underground theater, called “the Event Horizon,” to accommodate additional events. This 200-seat raked
theater will be used for special lectures, media events such as
press conferences, and for auxiliary presentations for school
groups. It will also be rented for fundraising.
This Event Horizon theater will be constructed underground — under the front lawn. There is no place to add an
additional wing to the classic existing building without compromising its architectural integrity and view, and so new
additions will be placed under the front lawn and under viewing terraces behind the main building. Because the Observatory sits on a granite mountain, this is not a trivial task.

The Observatory’s 5,000 square feet of exhibit area may
have seemed spacious in 1935, but not today. An additional
11,000 square feet, much of which will go under the front
lawn next to the Event Horizon theater, will more than
double the size of the exhibit space to a total of 1,000 square
meters.
The Observatory is not a science center and its exhibits
will not confuse entertainment with inspiration and learning. The thematic umbrella for exhibits is “Observing the
Sky.” New and renovated exhibits will be designed to alter
the way we think about the sky and thus about ourselves.
Our telescopes will continue to delight visitors with eyeballto-the-eyepiece views of the moon and planets and with projected live images of the sun. Exhibits will emphasize how
prehistoric to modern skywatchers observed the sky with
their eyes and with scientiﬁc tools to answer the questions
“who and where are we” and “how did we come to be here.”
The new exhibits will include a giant astrolabe, a series of
large dioramas or “habitats” of moon observers from different cultures and ages, a steerable camera obscura, a public
mirror-grinding area, and a life-size replica of the Farnese

Figure 1. A model of the lower (basement) area of the renovated Griffith Observatory from the northwest. It shows the amount of new construction underground. There is no new construction under the footprint of the existing exhibit area, but new offices are shown under the planetarium
theater (the large circular area at rear). A new 200-seat lecture hall with sloped seating is at front left. The large blank area at the lowest level
front center is new exhibit space (it will not be blank when filled with exhibits!). A new food service area is at right, and a gift shop is behind.
All models are courtesy Hardy Holzman Pfeiffer Associates.
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Figure 2. A model of the renovated Griffith Observatory from the
northwest. The general appearance of the Observatory will not change
since most of the new construction takes place under the front lawn. A
new lower-level food service area faces the west
Atlas. The existing upstairs Hall of Science will retain its
classic look, while the new underground area will transport
the visitor into today’s and tomorrow’s universe.
The new underground addition will also feature an
expanded book and gift shop, a caféteria-style food service
area, and completely reorganized ofﬁce, shop, and production areas.
A major component of the project is the renovation of the
historic fabric of the existing building and domes. 66 million visitors in over six decades of high use have had their
toll, and conservators have mapped a plan to restore the
ﬂoors, interior and exterior wall surfaces, lighting ﬁxtures,
metalwork, and ceiling murals. New plumbing, air conditioning, and electrical services will be installed, and the building will be brought to code and to ADA compliance. New
elevators will transport visitors from the new lower exhibit
area to the roof.
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The outer planetarium dome has lost its waterprooﬁng
seal, and so in a tricky process, the dome’s copper plates will
be removed, a waterproof membrane added, and the copper
plates, once cleaned, will be reinstalled. Until the normal
patina starts to return, the dome will look like a new penny.
The copper on the telescope domes and main cupola will
be cleaned at the same time so the patination on all four
matches.
Finally, we’ll look forward to new observing terraces beside
the building and new landscaping.
According to the present timetable, the Grifﬁth Observatory will close at the end of 2001 and will be closed for
nearly two years.
When we reopen in late 2003, the Grifﬁth Observatory will
be both restored to its full grandeur and better able to serve
and inspire the citizens of southern California and visitors
from around the world. We invite you to visit us then.
✹

Figure 3. A model of the renovated Griffith Observatory as seen from
the southeast. Note new observation decks on the south on the sides
of the main planetarium dome and a services area below grade level at
upper right.
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Sudekum Stars—
Shining in Nashville, Tennessee for Almost Fifty Years (Poster)
Kris McCall
Director, Sudekum Planetarium, Cumberland Science Museum, 800 Fort Negley Boulevard, Nashville, TN 37203, USA
Phone: +1 (615) 401-5077 Fax: +1 (615) 401-5086 Email: planetmccall@aol.com or mccallk@ten-nash.ten.k12.tn.us

The Sudekum Planetarium in Nashville, Tennessee, first opened in 1952, making it the second planetarium in the southeastern
United States at that time. Since then the Planetarium has grown and moved and grown some more. For almost fifty years, the
Sudekum Planetarium has provided astronomy and space science education, information, and inspiration to generations of visitors.
This rich history of service has included school and public programs, observing events, a Starlab portable planetarium, original show
production, show sales, and much more. The future looks bright for Sudekum stars.
The Past
The Nashville Children’s Museum was established in 1944.
Like similar institutions across the country, it started small
but grew quickly. Its ﬁrst home was the old Howard School
Building on Second Avenue. During those early years the
Museum ﬂourished because of the outstanding efforts of
people like Mr. Tony Sudekum. A local civic leader and theater executive, Mr. Sudekum served as a founding trustee of
the Museum until his death in 1946.
Early in 1951, Mrs. Sudekum, his widow, generously
donated funds for the construction of a Planetarium as a
gift to the children of Nashville in her husband’s memory.
Nashville already had ties to astronomy. During the 1890s,
E.E. Barnard discovered several comets from this area before
moving west to Lick Observatory in California. In the early
1950s, Dr. Carl Seyfert was a professor at Vanderbilt University and raised funds to construct the Arthur J. Dyer Observatory which opened in 1953. In fact, there was a small
planetarium on a rolling cart at the observatory — according to an article in Sky and Telescope magazine.
According to the LNP Compendium, there may have been
no more than thirty planetariums open in the United States
as of 1952. It’s also interesting to relate the events in our
lives to world events of the same time. For example, in early
1952, Queen Elizabeth ascended to the throne of England
after the death of her father, King George VI. This news
shared the front page of the Nashville Banner with the
announced opening date for the new planetarium.
The Tony Sudekum Memorial Planetarium was dedicated
on March 3rd, 1952, with Dr. Armand Spitz in attendance.
Dr. Spitz believed that everyone should have the opportunity
to experience the wonders of the universe in a planetarium,
but at that time, most planetarium projectors were built for
large theaters in big cities at great cost. So he set out to
design and construct a planetarium instrument for a reasonable price that would allow most cities and even small towns
to acquire such a facility for their citizens. Astronomy had
been made accessible, and Nashville was truly fortunate to

have a planetarium in 1952.
The new Sudekum Planetarium was squeezed in between
the Bird Hall and History Hall on the second ﬂoor of the
Children’s Museum on Second Avenue. It housed a Spitz A-1
instrument under a 20 foot (6 meter) acoustic plaster dome.
It is not quite clear what was meant by “acoustic.” According
to records, it was Model A-1 #10; which could mean that it
was the tenth built or perhaps installed. Regrettably, Spitz
does not have any records of this. The starball still exists and
still works. Unfortunately, that is all that has survived.
The theater was designed by the Museum’s Exhibits Curator Philbrick Crouch. The seats were custom built and upholstered with maroon fabric. According to Mr. Crouch, Dr.
Spitz was quite dismayed that the seats were not black like
the walls.
In the original brochure, the “Theater of the Skies” was
promoted as a wondrous place to view the night sky. Even the
cutout city skyline horizon was touted as adding to the realism.
The Planetarium was a huge success. It was ﬁlled to capacity for months after opening. One newspaper article speciﬁcally mentioned that programs would be offered for Negro
people. It would appear that Planetarium attendance was
segregated; like so many other activities at this time in history. Was attendance segregated in other cities?
During this period no one held the title of Planetarium
Director. Everyone on the Museum staff had to be able to do
everything. Bill Hassler, then Museum Director, all the Educators, and even Phil Crouch, Exhibits Curator, gave Planetarium programs. Late in 1952, Phil Crouch became Museum
Director; a position he would hold until his retirement in
1970.
In 1958, Jacqueline Avant was hired to serve as Planetarium Director. In 1963, after a special grant from the
Sudekum family, the Spitz model A-1 was replaced with a
state-of-the-art Spitz A3P planetarium projector and was
rededicated as the Sudekum Memorial Planetarium. Sadly,
Mrs. Tony Sudekum had passed away early in 1963.
During the 1960s, the Planetarium was very busy keeping
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people up to date about the latest developments in astronomy and the space program, and generating monthly almanacs for celestial events. In the archives there is a ﬂyer for a
program titled “Our Moon … And How To Get There.”
Jacqueline Avant left in 1972, while plans were still underway for a major expansion. The Museum was bursting at the
seams, and by 1974, more than 350,000 people had visited
the “Theater of the Skies.”
In 1974, the Nashville Children’s Museum changed its
name to the Cumberland Museum and Science Center and
moved from the cramped quarters on Second Avenue to an
enormous new building at 800 Ridley Boulevard — perched
on the north side of Saint Cloud Hill overlooking downtown
Nashville. The Planetarium also moved, from a 20 to a 40 foot
(12.2 meter) dome, and the old A3P was traded in for a new
Spitz 512, still leaving room for 127 unidirectional seats.
Mr. Chap Percival was Planetarium Director from 1974 to
1976 followed by Mr. Pat Quarterman from 1976 to 1978.
Mr. Larry W. Miller became Director in 1979 and stayed until
1989. A lot happened while Mr. Miller was director. Laser
shows came and went; there were a series of minor renovations, and he hired Ms. McCall as Assistant Director in 1987.
Ms. Avant is living in Sewannee, Tennessee, and has provided many valuable archival documents. Mr. Percival has
communicated through the internet. It is unknown what
happened to Mr. Quarterman, and Mr. Miller is an MIS consultant in Atlanta, Georgia.
The Sudekum family continues to be actively involved in
the operation and funding of the Planetarium. They have
been making signiﬁcant ﬁnancial contributions ever since
the 1950s. In the mid-1980s, the members of the Sudekum
family decided to establish a sustaining gift in the form of
a Trust for the Planetarium. The proceeds from this Trust
are used to enhance the Planetarium in ways that the Science Museum cannot afford to support. The primary use of
the generous annual allocation has been in the area of original show production which has provided the resources that
allow for the creation of Stellar Experiences.
The Facilities
The current Sudekum Planetarium houses a manually operated Spitz model 512 star projector under a 40 foot
(12.2 meter), non-tilted, Spitz dome with 116 unidirectional
seats. Thirty-ﬁve Elmo 300 series slide projectors are controlled by East Coast Control System’s Hercules software
running on a standard PC. The video projector, laser disk
player, S-VHS videotape player, and a variety of special effect
projectors are also controlled by Hercules. In 1999, the Planetarium installed a steerable satellite receiving dish which
is used almost exclusively for NASA TV. General program
audio is provided by an Alesis XT-20 ADAT tape machine
with additional sources coming from CD, wireless microphone, laser disk, S-VHS videotape, audio cassette, and the
satellite dish. Stereo sound is provided by QSC ampliﬁers
and an array of four Tannoy speakers.
The spaces which are used as ofﬁces were never intended
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to be ofﬁces. On the original plans they are marked as storage and telescope rooms. Today these areas have been converted for general use such as the artist’s workstation, small
technical bench, sound studio, narration booth, and small
personal work areas. The photo studio, darkroom, and show
sales ofﬁce are located on the third ﬂoor of the Science
Museum in what used to be the main conference room. It
seems that the administration and everyone else hated meeting in there because there were no windows — which makes
it perfect for Planetarium use.
Artwork is photographed and all slide duplication is done
using an Oxberry Pro-3 pin-registered camera. Over the
course of the last three productions, our artists have been
learning and experimenting with digital slide production,
and we anticipate more in the future. Audio production has
been a combination of analog and digital in recent years
with a slow slide into the digital domain.
The Programs
Just like most every other planetarium on this planet, programs frequently discuss what’s visible in the current night
sky. Topics can range from the birth of the universe to
the death of stars and everything in between. Mythology,
dinosaurs, the history of the space program, the future
of planetary exploration, or how NOT to buy a telescope
are all possible subjects. More than 1000 live, prerecorded
and combination shows are presented year-round to school
groups and the general public. Annual attendance has averaged 75,000 per year over the last several years.
The Planetarium staff presents programs for Museum
member events, facility rentals, and camp-ins. Camp-ins are
when schools, scouts, or families spend the night in the
Museum doing a variety of activities. Evening events such as
these may take place as many as ﬁfty times during the year.
The Planetarium staff also provides support to the Museum’s
extensive summer science camp programs.
Not everyone can make it to the Planetarium, and even
when they can, they may not be able to remember all of
the constellations that were displayed. To solve these problems, the Planetarium staff has been generating monthly star
charts for more than twelve years.
This handy reference features a simple ﬂat, circular star
chart with basic constellations and a few binocular objects.
The back of the chart has text which might cover Planets
on Parade, Local Events, and any other highlight of the current night sky such an eclipse or conjunction. These are distributed FREE: one per family to Planetarium visitors; given
to teachers so they can copy and share with their students;
mailed to anyone who sends in self-addressed, stamped envelopes; and passed out at area observing events. As many as
24,000 charts are given away each year, made by possible by
the generous contribution of a local printer.
The idea is for people to have a current star chart handy
whenever they want to go out and look at the sky. More than
one person has said that they keep their star chart on the
refrigerator for easy access.
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In addition to regularly scheduled programs, the Planetarium staff works closely with local organizations to present
free public star parties throughout the year. These events
would not be possible without the collaboration of the Barnard-Seyfert Astronomical Society, Vanderbilt University’s
Dyer Observatory, and area parks.
From 1991 through 1998, the Sudekum Planetarium
offered a Starlab outreach program where several of our
astronomy educators took the portable planetarium to
schools and other venues in the surrounding counties. Program titles ranged from Day and Night to SuperStars. During
that seven year period, more than 50,000 people, many of
whom might not otherwise have had the chance, experienced
the night sky under Sudekum’s Starlab stars. At this time, the
Museum has suspended all of its outreach programs, but it is
hoped that they can be resumed in the not to distant future.
Another successful and very popular activity of the Planetarium has been the Visions of Space Student Art Contest.
Modeled after Visions of the Universe (in the state of Oklahoma), Visions of Space is open to all children from kindergarten through 12th grade. During the last twelve years,
themes have included space stamps, space dreams, gadgets
and gizmos of the galaxy (inventions), journey to the red
planet, and more. As many as 1100 entries have been
received in a single year. It is not a big money competition.
The purpose is to let young people express their creativity
about science in an artistic manner. The results have often
been stunning which can make judging extremely difﬁcult.
Seeing the effort and creativity that goes into the artwork
and meeting the students responsible for such visions has
been tremendously rewarding to the staff.

added to the quality of presentations both in the main theater and in Starlab. He also strengthened relationships with
local organizations. Mr. Laatsch left in 1995 to become
Director of the Arthur Storer Planetarium in Prince Frederick, Maryland, where he expanded programs and capabilities
dramatically. He also serves IPS as Treasurer which allows
him to interact with and assist the international community.
Waylena McCully joined Sudekum in 1995, after Mr.
Laatsch left. She came from Youngstown via Toledo and
Cleveland, Ohio. In the last four and a half years Ms. McCully
has made signiﬁcant contributions to the Sudekum Planetarium. These include but are not limited to: show installation, original program production, script writing, star charts,
slide organization, efﬁcient operations in the theater, general maintenance, and too many more to mention. However,
Ms. McCully has just accepted the position of Production
Designer at the Staerkel Planetarium of Parkland College in
Champaign, Illinois.
JanaRuth Ford joined Sudekum in January, 1999 as an
Astronomy Educator. With degrees in Physics, Astronomy, and
Mathematics from Vanderbilt University, she brings strong
scientiﬁc and research experience to the Planetarium. She
has become a vital contributor to new programs in addition
to a variety of written materials such as monthly star charts.

From the scope of operations, one might think there is an
enormous staff to support all of these activities. Regular
staff consists of four and a half people: a Director, Production and Program Specialist, Astronomy Educator, Production Designer/Artist, and half-time Technician. There is also
one occasional part time person and three volunteers. It may
sound like a lot, but they all stay pretty busy.

Music
Over the years, we have been fortunate to work with a variety of composers who have given Sudekum shows a unique
sound. Martin E. O’Connor of Nashville, scored the ﬁrst four
shows, followed by Jack Tamul and his team in Jacksonville,
Florida, who created the distinctive themes for ﬁve shows,
ranging from The Planet Patrol to Just Imagine. While Tamul
Studios did the audio production and background music for
Rusty Rocket’s Last Blast, Charles Victor Mendonsa wrote the
original lyrics and music for the two songs in that program.
Paul Kaplan scored Worlds In Motion and Mark Mercury in
Pasadena, California, provided dramatic music and effects
for Lunar Odyssey and most recently, Night Lights. After all,
planetarium shows are audio-visual experiences, and the
talent of these composers has made all the difference in the
impact of Sudekum Stellar Experiences.

Education and Production
Education and production are duties and responsibilities
shared by several staff members, so these people cannot be
separated into distinct categories.
Sharon Mendonsa joined Sudekum in 1991, with three
years classroom teaching experience. Since then she has demonstrated great skill in curriculum development and detailed
project management. She is the IPS Portable representative
to the Southeastern Planetarium Association and has lead
many workshops for teachers in Nashville and at regional
conferences. Unfortunately, after eight years, the Museum
Education Department lured her out of the Planetarium early
in 1999. Ms. Mendonsa is now Museum Education Manager
but continues to give valuable input to the Planetarium.
Shawn Laatsch joined Sudekum in 1993, from Wisconsin
via Florida. In the two short years he was in Nashville, he

Illustration
Bill Briggs, John Reynolds and Rick York created the artwork
for the ﬁrst four shows through The Light-Hearted Astronomer.
In 1990, Jim Chapman joined the team after Rick York and
Larry Miller left. His ﬁrst major effort was The Planet Patrol:
Solar System Stake Out for which he dreamed up Sam Snork and
the planet Nork. Mr. Chapman illustrated seven shows before
leaving in 1995. Pashur House did substantial work on Rusty
Rocket’s Last Blast and started the Cosmic Blab sales catalog.
Mayra McCloud did the illustrations for Worlds In Motion, but
moved out of the area after only one year. Patricia VornDick
transferred from the Museum Exhibits Department in 1998.
Ms. VornDick brought more than 25 years of graphic arts
experience to the dome but really got her feet wet in the Planetarium working on Lunar Odyssey. She has since created the
illustrations for Night Lights which opened in May of 2000.

The People
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Stellar Experiences Show Production
Back in the mid-1980s, the staff of the Sudekum Planetarium
was having difﬁculty ﬁnding good shows to purchase. They
were either seeking speciﬁc topics and content or the best
quality for their investment. Through a series of events, funding was made available to produce the ﬁrst original show,
Stars of Jade, which opened in Nashville in January, 1987.
It wasn’t until 1988 that Larry Miller suggested that these
programs could be duplicated and sold to other facilities.
That was more than twelve years ago. Since then ﬁfteen
new shows have been produced, and more than 500 Stellar
Experiences show packages have been shipped worldwide. A
number of these productions have received awards:
Awards Received
• The Light-Hearted Astronomer
Second Place in the 1990 Biennial Eugenides Foundation
Planetarium Script Contest;
• The Planet Patrol: Solar System Stake Out
Certiﬁcate of Commendation (Second Place) Award of
Merit for 1992 audio-visual production from the Tennessee Association of Museums;
• 40th Anniversary of the Planetarium — poster
Certiﬁcate of Commendation (Second Place) Award of
Merit for 1992 large format publication from the Tennessee Association of Museums;
• Our Place In Space
Honorable Mention for 1993 audio-visual production from
the Tennessee Association of Museums;
• Just Imagine
Certiﬁcate of Commendation (Second Place) Award of
Merit for 1994 audio-visual production from the Tennessee Association of Museums;
Fourth Place in the 1998 Biennial Eugenides Foundation
Planetarium Script Contest ;
• Rusty Rocket’s Last Blast
Award of Excellence (First Place) for 1996 audio-visual
production from the Tennessee Association of Museums;
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• Cosmic Blab sales catalog
Award of Excellence (First Place) for 1998 catalog publication from the Tennessee Association of Museums.
The main purpose of show production, then as now, is to
create high quality programs to present in the Sudekum Planetarium. Making shows available to other facilities is the next
logical step. Selling programs helps to offset production costs,
serves the greater planetarium community, and of course, is
gratifying to share with facilities around the world. The Sudekum Planetarium does purchase programs from other producers. In fact, there have been some excellent offerings in
the last few years. These provide a variety of styles and content which is refreshing to both the staff and the audience.
It is simply not possible for one facility to produce enough
new material to change shows every three months. There are
so many exciting things happening in astronomy and space
exploration that one cannot know or do it all.
And speaking of exciting new developments, upcoming productions from the Sudekum Planetarium include but are not
limited to Santa Snork Saves the Seasons and a new solar system
show called Pen Pals. Other ideas are under consideration.
The Future
Theater upgrades currently under investigation include
installing an all sky system, replacing the Sony 1044Q video
projector with a data compatible projector and line doubler,
hard disk audio and video playback, and other cool stuff.
In the last year, the Science Museum has embarked
on a rebuilding campaign and is making great strides in
improving and upgrading the services and exhibits presently
offered. The Planetarium staff was asked to submit ideas and
recommendations for major renovations and possible new
construction. Based on initial response from the Museum
Board and others, we are hopeful that a new, state-of-the-art
Sudekum Planetarium will be built in the next few years. ✹
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Running Two Planetaria As “Twins” — Can This Be Done?
Lars Petersen1 and Aase R. Jacobsen2
1

Orion Planetarium, Søvej 36, Jels, DK-6630 Rødding, Denmark
Phone: +45 7455 2400 Fax: +45 7455 2655 Email: orion@au.dk
2
The Steno Museum Planetarium, University Campus, C.F. Møllers Allé, Building 100, DK-8000 Aarhus C, Denmark
Phone: +45 8942 3975 Fax: +45 8942 3995 Email: stenoarj@au.dk

The planetarium at Steno Museum and The Orion Planetarium, both located in Denmark but about 100 km apart, are presently run
as “twins” / sister planetaria. The planetarium at Steno Museet is situated at the campus of the University of Aarhus, while Orion
Planetarium was originally established as a private enterprise in southern Jutland built on the same design. When the latter suffered
economical problems and was threatened by a hostile takeover by astrologers (!) the dean of the faculty of science intervened. Both
planetaria are now under the auspices of the faculty but as two separate units. The talk will discuss the pros and cons of running two
planetaria in close collaboration regarding show co-production, translation of foreign shows into Danish, technical maintenance,
media contacts at astronomical events, exhibition exchange, gift shops, etc.
Background
Initially, in 1989, two separate projects were running in the
southern part and the mid-northern part of Jutland, Denmark: the project phase planning for the Steno Museum
planetarium was about a year ahead of the planning for
Orion Planetarium. Due to a lot of unresolved planning questions in Jels (south), it was decided by Henrik Nielsen (Orion
Planetarium) and Ole J. Knudsen (the Steno Museum planetarium) to build the two planetaria as similar as possible
with the Steno version as the model. The interim museum
board sanctioned this, causing copies of the drawings and
speciﬁcations to be delivered freely to Orion Planetarium.
The philosophy was that as a state-owned institution, providing help for another educational institution should be free
as a public service. On the agenda was also, that by building two planetaria as “twins,” of course we hoped to have a
much easier collaboration and exchange of shows between
the two individually run institutions. This was supported by
both boards.
It helped planning in Jels tremendously. During a series
of visits by Ole Knudsen to Jels, it became obvious that the
architect there did not have a deep understanding of the
special demands of a planetarium, causing some very impractical and counterproductive changes to be introduced, due
to budget cuts. Though the architect was invited to see
the then almost ﬁnished planetarium in Aarhus, he refused,
causing most of the bad solutions to remain. (With these we
ﬁght still! so beware of the arrogance of architects.)
The Orion Planetarium
Soon after its inauguration, the Orion Planetarium, like
many other mid-size planetaria, was facing severe ﬁnancial
problems when the ﬁrst surge of tourists had thinned out
and especially so, because it was operated as a stand-alone
facility with no larger exhibit areas. Consultants from show
business were proposing to turn the planetarium into a

center for private astrologers, and the board was inclined
to follow this advice. When the astronomical community,
both in Denmark and internationally, learned about this, an
uproar arise and the dean of the Faculty of Science at the
University of Aarhus quickly intervened to counteract the
risk that one of the four Danish planetaria was taken over by
pseudo science. This was not an acceptable message to send
about the state of Danish science and could have given large
blotches in the reputation of Denmark in the IPS and other
international organizations. A new foundation was established and a new board was put together with the dean as
chairman. At that time Lars Petersen was asked to take the
seat as director and both planetaria are now run under the
auspices of the Faculty of Science in close collaboration.
The Steno Museum Planetarium.
The Steno Museum planetarium opened later than the Orion,
because there was also a whole museum to build! Manager
Ole Knudsen has been running the planetarium since the
initial stage and in addition, last year Aase Jacobsen started
as curator. The planetarium at the Steno Museum is a part
of the museum and therefore often has visitors that come for
the museum and go to the planetarium too, or the other way
around. In addition, we are located in the University Campus
in one of the major University cities in Denmark and therefore we have a bigger market. Often school groups combine
a tour of the museum exhibits with a visit to the Planetarium, and special events often get very positive reactions both
from the public and the news media. For a Dane in general,
Jutland being 250 km long seems very big, which makes it
suitable to having a planetarium in the south too, where we
coordinate shows, events, educational programs, etc.
The Two Planetaria As “Twins”
One of the ﬁrst actions was to make the set-ups in the domes
completely similar. Now all slide projectors, video projec-
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tors, cove lights, etc., have the same labels in the Sky-Skan
automation system and all projectors cover the same parts of
the dome in both planetaria and also have the same orientation of the Zeiss star projector with respect to the meridian.
The greatest beneﬁt of this collaboration is the feasibility
of interchanging shows quickly and without any technical
problems. At its best a show from one planetarium can be
set up in the other from scratch in 1 to 2 hours. There is
a formal demand from the Faculty, that all future shows be
produced for both planetaria, thereby cutting the production costs by a factor of 2 per site. Also the effort of translating into Danish and setting up foreign shows can be shared
and often shipping & handling costs for imports to our gift
shops can be split.
Often we have coordinated special events and sent out a
press-release signed by both planetaria, thereby reaching a
bigger geographical area. On the other hand, we can say NO
if one of us does not ﬁnd it appropriate at the moment to set
up that special event. We share the pros and cons of having
a gift shop — what cannot sell in one place often goes to the
other!

Being the smaller partner in the co-operation, the Orion
Planetarium is probably getting the most beneﬁts, e.g. we get
free-of-charge service from the technician employed by the
University to take care of the Skymaster, etc. Special exhibitions from the Steno Museum are frequently moved to the
Orion Planetarium when they have done their duty there. On
the other hand, for reasonably low extra costs, the University
is ensuring that another 15,000 children and adults experience the great wonders of astronomy, and science in general.
Afterthoughts
If you are considering having two planetaria run as “twins,”
we suggest a couple of things to take into account: have similar technical setups, so you can exchange shows easily; keep
the units separate, which means there’s one person in charge
at each place; make sure that the market is big enough or
that you are separated by a large enough distance, so that
you won’t eventually be competing for the same visitors. But
most importantly, make certain that you are nice neighbours
to begin with and thus stay in good communication!
✹

The Successor to the L-H-S Level Specification
Mark C. Petersen
Loch Ness Productions, P.O. Box 1159, Groton, MA 01450, USA
Phone: +1 (978) 448-3666 Fax: +1 (978) 448-3799 Email: mark@lochness.com

It has been 10 years since “The L-H-S Level Specification of Planetarium Capabilities” was introduced at the Sweden IPS conference.
How has this method of classifying planetaria by their projection and production capabilities fared in its “version 1.0” form? Is there
a “version 2.0” for the future? What does it all mean for the planetarium community? The answers to all these questions may be
found in this presentation.
This presentation utilized a frame-based interactive Web
application, which is non-optimal for print reproduction.
The author recommends viewing the document in the Planetarium Reference Library section of the Loch Ness Productions Web site.
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Direct URL:
http://www.lochness.com/pltref/pltspec/pltspec.html
Loch Ness Productions:
http://www.lochness.com

✹
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Planetarium: Museum of Constellations
Loris Ramponi
Centro Studi e Ricerche Serafino Zani, Via Bosca 24, 25066 Lumezzane (Brescia) Italy
Fax 30 87 25 45 Email: info@serafinozani.it

The most common elements that characterize a museum are: conservation, research and education. A Planetarium is the best site to
expand the knowledge astronomy, especially if there is a connection with an Observatory. Conservation and research aren’t usually
among the purposes of planetarium activities, but the situation is changing rapidly. Even if the number of laws and public initiatives
against light pollution continue to increase, towns and the most populated areas can never offer the citizens the possibility to look
at the ancient dark sky. City planetariums are “Museums of Constellations” where we preserve the best simulation of the dark sky
and all its visible contents. Planetariums can also be reference points for research activities about light pollution and they can be an
institutional partner of “Star Parks” (protected dark areas located inside natural parks).
By describing the astronomical teaching activities of the Serafino Zani Study and Research Center we will explain our project of
“The Planetarium as the Museum of Constellations.” Also included will be a discussion of international exhibitions located on-line
at our website, and contests which involve the “Invention of Constellations” made by children from different countries, along with
hands-on activities using simple and recyclable materials. Interactivity and outreach programs (Starlab cylinders and “Magic walls”
projections) are other elements that can successfully promote the “Museum of Constellations.”
Another interesting area to investigate at our website is about an initiative which was organized as a preparation before a school
visit under the dome. It is called the “Re Mida Art and Science Project” and includes student constellation creations using recycled
remains of industrial production.
“Conservation” in a planetarium
The most common idea of conservation in an astronomical
museum or in a museum with an astronomy section is housing a display of their collection of restored old instruments.
Astrolabes, telescopes, orreries and so on are some of the
pieces of these historical collections that have been conserved, for example in Italy, in permanent exhibitions inside
the Astronomical Observatories of Milan and Bologna, or in
the Science Museums of Florence and Milan.
Therefore conservation in the Planetarium can also signify
restoration of old astronomical instrument collections, but
usually only planetariums inside a big Museum or connected
with an old Observatory have this opportunity.
For the oldest planetariums their own history becomes an
object of conservation through the collection of old documents and previous star projectors. As a matter of fact, in
large domes the old projector is the main piece of the
historical collection. One of the most interesting parts of
a permanent astronomical exhibition is the one devoted
to the reproduction of old astronomical instruments and
observatories. An excellent example of this is the comprehensive astronomical exhibition in the Deutsches Museum
of Munich.
Among the facilities of the Seraﬁno Zani Observatory
there are eight small star projectors, ﬁve of them are made
by different suppliers. This gives us the possibility to show
different models (Cosmodissée, Goto EX-3, Starlab and two
Italian star projectors: Zen and Gambato) to our visitors
that come in particular from other cities to begin a “planetarium project.” These models are also shown during the
yearly national course for operators of small planetariums

and public observatories. Also, since 1994, we have collected several publications which are included in a National
Archive of Planetariums in Lumezzane.
Conservation of old astronomical instruments, old star
projector models and archives interest a limited number of
people who visit the various planetariums of the world. We,
on the other hand, think that the most successful idea of
“conservation” in a planetarium or in a planetarium-museum,
concerns the preservation of the “real sky” for future generations, which should be of interest and beneﬁt to everyone.
The planetarium as a monument to the “real sky”
The planetarium generally provides a perfect reproduction
of the “real sky,” including all celestial bodies and other sky
phenomena that can be seen by the naked eye. Due to light
pollution there are strong viewing limitations in our city
skies. Both adults and children are denied views of the “real
sky” because of this problem. Audiences that attend planetarium programs can discover what happens during the year
above the eastern and western horizon, by observing the different points where the sun rises or sets. Also they can rediscover the many events of “daily astronomy” that are mostly
forgotten by our citizens. Under the planetarium dome you
look at the real aspects of the night sky which in very populated areas of old Europe are not so easy to see. At last some
of the fainter constellations and the Milky Way appear for
the ﬁrst time to people that are visiting the planetarium and
viewing the artiﬁcial sky. The Planetarium is the only instrument able to show, above the heads of onlookers, the night
sky exactly as it would appear without light pollution. At the
same time it is the most powerful tool for demonstrating
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both the problem of light pollution and the technical solutions for reducing the diffusion of artiﬁcial light upwards.
According to some studies about light pollution, within the
next three decades in Western Europe it will be difﬁcult to
see the Milky Way if the increase in light pollution continues
at the present rate. The Planetarium will become a monument to the night sky as it was visible in the past.
The problem of light pollution was the starting point for
the “Museum of Constellations.” In fact, this problem contains two of the three common elements that characterize
the idea of a Museum, that is conservation and research. The
“Museum of Constellations” can become, particularly in city
areas, the institution that preserves the knowledge of the
“dark sky” through a perfect simulation. It can also promote
scientiﬁc research into the matter of light pollution.
The attention and concern of astronomers about the control of light pollution is high near important astronomical
observatories. This attention to light pollution, in the most
populated countries, decreases so that the possibility of
ﬁnding good locations for professional Observatories in the
future is virtually impossible. For these reasons planetariums, being the most important professional institutions in
the diffusion of astronomy to the public, can promote and
also become the reference point for initiatives against light
pollution, in connection with observatories and both professional and amateur astronomers.
We think that in the future the people of most populated
countries, like Italy, will only be able to see the “real sky”
in big natural parks. For this reason, as described in previous essays, since 1993 we have been promoting astronomical activities inside protected natural areas (Star Parks). We
also promote twin-ships and common astronomical activities between planetariums and natural parks.
Exhibitions and courses about constellations
The future of the big planetarium probably lies with their
transformation into a “Space Museum,” and therefore their
exhibitions will be about news of the latest astrophysical
research and space missions. This means that museums
which include different rooms or sections, each of them
devoted to a particular theme, therefore provide a broad
exhibition. On the contrary, the idea of the “Museum of
Constellations” is a suggestion for all sizes of planetariums,
starting with mini-planetariums (so widespread in Italy) and
including the biggest ones.
The theme of constellations should be the main topic in a
planetarium because currently, elementary knowledge about
the sky for all people includes at least one name of a (zodiac)
constellation. Almost everyone knows his/her own astrological sign. At the same time the scientiﬁc knowledge about
constellations is, for many people, very far from their reality. Combating this lack of information is one of our main
goals, that is to make knowledge about constellations widespread. Correct information makes it easy for everyone to
understand the difference between astronomy and astrology.
Each planetarium needs to provide a show about constella-
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tions and this theme always deserves a permanent exhibition
outside the dome. The night sky simulation of a planetarium helps visitors to discover all constellations, including
the zodiac and lesser-known patterns, while the exhibition
can show mythological, historical and scientiﬁc facts of sky
regions.
For the most motivated public, special lessons could be
organized that do not require big or automated planetariums. This training program about constellation patterns
under the dome is possible with every kind of star projector.
One of our yearly programs, that is open to everyone, is a
course which covers recognizing constellations. These theoretic lessons under the Planetarium dome are organized
together with the observation of the real sky outside the
Seraﬁno Zani astronomical observatory. The Planetarium is
also used for two other courses about recognizing constellations: the yearly course on naked eye astronomy for operators
of natural parks and the course in planning for operators of
tourist villages. In fact this is extremely appropriate because
sometimes these villages are situated near dark sky areas.
A multicultural program
The night sky is a legacy to all mankind and the constellations reﬂect legends and knowledge of people in the past.
This historical moment of transformation for some nations,
like Italy, into multicultural countries through massive immigrations from Eastern Europe, Africa and Asia, suggests to us
that we must give more attention to sky legends and constellations that come from different cultures. This could be our
own contribution to the important multicultural programs
that are one of the current topics in Italian schools. The
audiovisual facilities available in each planetarium (slide
projectors, special effects, images generated by computers,
and so on) offer a wide range of possibilities for showing
patterns and ﬁgures of old and ofﬁcial constellations. Small
planetariums could enhance their programs through the use
of different Starlab cylinders. We use the complete series of
these mythological cylinders, not only under the inﬂatable
dome, but also under a ﬁxed dome of 6 meters where the cylinders are used like a special effects projector. We also
use the Starlab projector inside dark rooms to show constellation ﬁgures on the walls and on the ceiling (“Magic
Walls”). During the program “Constellation Gallery” we use
two or three projectors at the same time inside two or three
dark rooms and the public walks through these suggestive
spaces.
The idea of a “Museum of Constellations” can also promote studies about the constellations of ancient cultures, for
example through prizes for university studies on the subject.
All these studies and publications can increase the library/
archive of the “Museum of Constellations.”
Touch and invent constellations!
One of the most successful spaces in the modern science
museum is the “Discovery Room” where a collection of
objects can be touched and examined, in particular, by chil-
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dren. For an observational science like astronomy it isn’t
easy to invite young visitors to touch the stars! During the
last school year we prepared a workshop named “Re Mida Art
and Science” that offers pupils of elementary and secondary
schools an opportunity to make some easy instruments and
experience activities using simple or recycled materials. The
materials included some pieces from the remains of industrial production. Many of these activities are devoted to
constellations and include: a game for recognizing constellations; a tri-dimensional vision of constellations; an opportunity to make artistic realizations about the changes in
the constellation patterns (real movement of the stars); and
new constellations invented by the children. The last activity also includes a National contest devoted to the memory
of Guido Casadei, an Italian planetarian who participated
in the IPS Conferences in Salt Lake City (1992) and Cocoa
Beach (1994). The best drawings selected from the contestants are transformed into postcards that help the Italian
Association for Cancer Research to collect private funds. The
drawings of constellations invented by children from other
countries are also collected in a permanent on-line exhibition available on the Internet at www.cityline.it
Conclusions
The “Museum of Constellations” includes the projection
room (the dome), the permanent exhibition, the library/
archive, hands-on activities in the “Discovery Room” and
a Science Shop. There are many products about constellations geared to a specialized Science Shop and to add to this
we are promoting an industrial production of steel gadgets
(“Constellation Collection”) which are made with a laser.
The “Museum of Constellations” is not only a site for the
diffusion of astronomy but also an institution that promotes
the preservation of the “real sky” and argues against light
pollution. It is a place that provides scientiﬁc knowledge

about constellations and informs the public about the difference between astronomy and astrology, and can be used
to educate people about the multi-cultural aspects of the
sky and its meaning to citizens of other nations.
The “Museum of Constellations” is a project for every kind
of planetarium and it is the starting point to transform
any small or big planetarium into a permanent exhibition
about past, present and future human imaginings that live in
space.
The “Museum of Constellations” is also a suggestion for all
planetariums: don’t forget to devote some time to constellations in each show. Or simply indicate the position where
the celestial bodies described during the show are located
inside a constellation. This is also a suggestion for multimedia sky theaters, where often the excessive use of auxiliary
projectors and video projectors become the “light pollution”
of the simulated sky. Save the stars inside your dome!
✹
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Programming at the National Space Science Centre
in Leicester, England
Dr. George Reed, Annette Sotheran, George Barnett, and Helen Osbourn
National Space Science Centre, 41 Guildhall Lane, Leicester, LE1 5FQ, United Kingdom
Phone: +44 116 253 0811 Fax: +44 116 261 6800 Email: georger@nssc.co.uk

The Space Centre will open in May 2001. The 58-foot diameter Spitz ElectricSky Space Theatre will include an immersive 200°
by 60° video system, a 2Pi allsky projection system, Omniscan, an audience response system and a 1024 planetarium system with
ATM-4 automation.
This paper describes how we intend to strike the balance between the live ‘Night Sky’ type programming and the populist special
effects. Our aim is for each program to give the audience something personal to take home, and a reason to return. The authors
dwell particularly on the use of the response system in this context, and comment on the need for School programmes to satisfy the
requirements of the UK National Curriculum and fit with the other educational packages in the Space Centre. The resources issues
raised by a high-tech theatre with ongoing educational and entertainment programme development are also discussed.
The National Space Science Centre will open in the city of
Leicester, approximately 100 miles north of London, in May
2001. Why Leicester? Leicester is the home of the University
of Leicester, which is a world-class space research university.
The university has been involved in orbiting research projects since 1967. It is the home as well of DeMonfort University, which has outstanding programs in computer graphics.
This is a perfect combination for a Space Centre incorporating a full multimedia Space Theatre.
The Space Centre will include a 58-foot diameter Spitz
ElectricSky Space Theatre with an immersive 200° by 60°
video projection system, a 2Pi allsky projection system,
an Omniscan all dome laser system, an audience response
system and a Spitz 1024 planetarium system with ATM-4
theatre automation.
The Space Theatre, as part of the National Space Science
Centre, will share the Space Centre’s overall mission which
will be to present the excitement and signiﬁcance of space
in a way that captures and inspires the public imagination.
It is already the ﬁrst site outside North America to have an
up-running Challenger Learning Centre.
Since space travel is all but unattainable for most people,
Space Theatre public show presentations will focus on a continuous series of astronomical journeys.
Space Theatre public shows will attain a brand personality
by which audiences will know what to expect on return visits.
Each journey will be appropriately themed, written and
produced for a visiting family audience. Shows will combine
a conversational narration that includes a mixture of education with entertainment, a minimum information density,
humour, and visual changes of pace as well as original musical scores, so that the audience is never sure what to expect
next. Each show will end with a 5-minute “Sky Tonight” segment focusing on some aspect of the current night sky that
was part of the show just completed.
The intent of the night sky segment is to give the audi-
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ence something to take home after the show as a reminder of
the show, and as an incentive to learn more about the show
topic. At the end of each show audiences will be directed to
related exhibits to enhance and expand their experience in
the Space Theatre.
Schools programmes will focus on the needs of teachers striving to satisfy the requirements of the National Curriculum.
The schools programmes will be interactive with prerecorded segments paced and controlled by a member of
the education team using a wireless remote control device.
Research will begin on the most effective use of audience
responder systems beyond that of the branching programmes
that pioneered such systems.
All school programmes will be prior tested with small
school groups to determine the success of the programmes
in meeting objectives before becoming Space Centre schools
offerings. Each programme will provide attending teachers
with appropriate pre-visit and post-visit activities, as well
as information on the programme performance of their students. This will allow them to schedule follow-up lessons
in their classrooms to ensure the required concepts are
learned.
Space Theatre programs will be part of a selection of
schools activities which include the Challenger Learning
Centre, curriculum appropriate exhibition trails and ﬂoor
demonstrations.
Space Theatre schools programmes will attain a brand
personality by which teachers will know what to expect on
return visits.
The Space Theatre team responsible for programming will
work together following the procedures more typical to TV production than standard planetarium production. Members of
the team have extensive experience in TV production, astronomy education, computer graphics, photography and space
imagery, sound and laser animation. Public shows, schools
programmes and production expertise will be available. ✹
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Before and After Full-Dome Video:
Analysis of Attendance, Revenues, and Audience Satisfaction
Carolyn Sumners
Burke Baker Planetarium, Houston Museum of Natural Science, 1 Hermann Circle, Houston, TX 77030, USA
Phone: +1 (713) 639-4632 Fax: +1 (713) 639-4635 Email: csumners@hmns.org

In December, 1998, the Burke Baker Planetarium upgraded its dome screen, gave its 35-year-old theater a slight tilt and installed
a large-format immersive 4-projector SkyVision system. Dramatic revenue and attendance increases followed and can be attributed
to the introduction of immersive video since no other significant changes were made to the theater’s interior, exterior, or location
within the Houston Museum of Natural Science. Attendance data are analyzed to determine the extent of this increase compared
with programs offered before the immersive video upgrade. These results should have predictive value for any planetarium considering a similar renovation or planning a new theater.
Acquisition of a render farm has allowed the Planetarium to create video for this new format. In January, 2000, the Planetarium
premiered a show, The Powers of Time, that is over 75% large-format video. In June it added the two rear channels to have complete
full-dome coverage and introduced a science fiction production called Alien Oceans: the Voyage to Dharmok’s Gate that is almost
totally full-dome and rendered in house. School shows and star gazing shows have also been enhanced with full-dome segments.
Unlike other multi-million dollar renovations, this minimal upgrade and commitment to rendering in house allows realistic comparison of programming, show production, and attendance before and after the inclusion of large-format video for a variety of different
kinds of planetarium offerings. The planetarium’s position within a large Museum also provides comparison between planetarium
marketing and other Museum venues.
Background
The Burke Baker Planetarium has climbed a steep learning
curve in its ﬁrst 18 months of large format video production and marketing. Each new program has featured more
motion video surrounding the audience and more audience
motion through video scenes. Programs have also expanded
from pure astronomy themes to the inclusion of Earth science topics in Powers of Time and to science ﬁction actionadventure in the Voyage to Dharmok’s Gate. Tables 1 and 2
below illustrate the different programming that the planetarium staff has mastered.
Table 1. Phase 1: Astronomy Shows on Traditional Themes
Enhanced by Large-Format Video
December, 1998
Cosmic Mysteries
July, 1999
Destination: Moon

January, 2000
Powers of Time

8 minutes of large format scenes:
Time lapse photography; motion through a few
deep space objects.
11 minutes of large format scenes:
Flights around the Earth and Moon; moving digital panorama scenes; an immersive birth of the
moon sequence; and a very realistic spacecraft
landing on and exploring a colony on the moon.
16 minutes of large format scenes:
Moving digital dinosaurs with a T-Rex tail swinging over the audience; transfer of IMAX fly-overs
of ice age formations in Europe, North America,
and the Pacific Rim; the first motion of the audience from island to island over an ocean scene,
successfully creating the helicopter pilot perspective.

Table 2. Phase 2: Action-Adventure Shows on Edu-Tainment
Themes Requiring Full-Dome Video
June, 2000
Alien Oceans, the Voyage to Dharmok’s Gate
20 minutes of full-dome motion video:
Audience motion through landscapes (deserts,
canyons, oceans, caves, landscapes covered with
alien life) following scout saucers and probes,
and an occasional visit to the mother ship; fulldome immersive growing fractals, and moving
data wells.
November, 2000
Force Five
22 minutes of full-dome motion video:
Creation of hurricanes, storm surges, flooding
waters, tornadoes, volcanic explosions, solar flare
eruptions, coronal mass ejections, ionic storms
in the upper atmosphere, auroras, and a race to
the moon to take shelter.

Each program has required more computers for rendering
and more hard disk storage of rendered scenes and stitched
dome masters.
Funding Projection Equipment and Production
Installation of a full-dome playback immersive video system
can be funded with public and private donations because
the resulting capital improvement will have a signiﬁcant
positive effect on student learning, and will provide a venue
for teaching concepts that students can experience only
in an immersive environment. In astronomy especially, virtual experiences simulate real space environments that are
beyond direct student experience.
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The Houston Museum of Natural Science received NASA
funding through Rice University to cover a portion of the
installation costs of its full-dome projection system. The
NASA grant continues to fund hardware needed for rendering. With its own funds and funds from the NASA grant, the
planetarium has spent $50–100K per production — saving
costs whenever possible by producing scenes and rendering
in house.
Public funds are appropriately used in this manner because
the resulting productions in this immersive format are an
effective venue for the meaningful display of NASA’s large
Earth systems image bases. This imagery sets up and validates motion simulation sequences. In return, the motion
simulation sequences bring meaning and reality to the NASA
imagery.
The Planetarium has also conducted two formal pre-post
test research studies with randomly selected student populations at the fourth and seventh grade levels. Both studies produced highly signiﬁcant (levels over 99.95%) results
showing that the planetarium experience causes student
learning in the retention of information, the acquisition of
science concepts, and the ability to apply these concepts to
real world experiences. Questions related to concepts illustrated with full-dome motion experiences showed the greatest content acquisition gains.
In summary, public and private funds can be requested
legitimately for the installation of full-dome digital theaters
and for production of shows because the resulting experience has enhanced educational value in addition to an
increased level of student interest and engagement in the
learning experience.
Positioning the Motion Simulation Experience
From a business perspective, the full-dome immersive motion
simulation experience is reaching the Planetarium at an
ideal time. Rock laser shows, the traditional entertainment
venue for the planetarium, are losing attendance as music
tastes become less appropriate and audiences become more
sophisticated. Full-dome motion simulation can be added
to the rock laser program, much as star ﬁeld motions are
already used.
The challenge that the Burke Baker Planetarium is tackling
now involves branding and positioning of this new non-traditional planetarium experience. As shown above, programs
are becoming less like any traditional “star ﬁeld and pointer”
lectures and more like a motion simulator ride. In Houston,
we are attempting to retain the planetarium experience in
some time slots and to offer the immersive motion experience at alternating hours. On-going market research will
determine how well the visitor can differentiate these experiences and choose appropriately.
As a note, these full-dome presentations in the planetarium are not developing into an IMAX-type documentary
product for several reasons:
• The signiﬁcant production challenges that are associated
with stitching high resolution multi-camera scenes of real

188 ✹ IPS 2000 Conference Proceedings

places, compared with virtual environments;
• Positive audience reaction to the opportunity to explore
virtual worlds;
• An intentional non-competing position with IMAX experiences, since many planetariums and IMAX theaters coexist in the same Museum.
With Alien Oceans, the Voyage to Dharmok’s Gate, opening
along with Island of the Sharks and Dolphins in the IMAX, the
Museum is tackling this challenge of co-marketing now.
Preliminary Revenue Analysis
The inclusion of large-format immersive video into planetarium programming has yielded signiﬁcant attendance and
revenue increases. The level of advertising and the overall
attendance of the Museum and IMAX Theatre affect these
increases. In December 98, newspaper stories, media, and
billboards made the public aware of the new projection
system in the Planetarium. After this opening quarter, there
has been no paid planetarium advertising and very modest
free promotion.
For revenue analysis, January, March and April have been
chosen for 1998, 1999, and 2000. During these periods in
all three years, the Planetarium schedule has not changed.
(In February, 1999, the IMAX was closed and the Planetarium had an abnormal increase in attendance.) IMAX attendance has dropped, especially in 2000, which has had a
negative effect on Planetarium attendance since it means
fewer potential customers in the Museum — especially considering that the Planetarium is not supported by any independent advertising.
In summary, the three time periods can be described as
follows:
• January, March and April of 1998 represent a time
period before large-format video.
• January, March and April of 1999 represent a time
period when the Planetarium had large-format video
and minimal, but effective, advertising.
• January, March, and April of 2000 represent a time
period with large-format video, but no advertising and
below normal attendance in the IMAX Theatre.
Numbers in Table 3 (below) do not represent any revenues
from laser programming or morning Houston Independent
School District programs.
The Planetarium has a seating capacity of 198 and can
turn its large-format features on the half-hour — providing
Table 3. Planetarium Public Programs —
Revenue for January, March, and April
Time

Revenue

Gain
Public Show Related Factors
over ‘98
1998 $56,737 —
Are We Alone? Strong IMAX attendance,
No planetarium advertising
1999 $94,864 67% Cosmic Mysteries Average IMAX attendance,
Some planetarium advertising
2000 $80,224 41.4% Powers of Time Low IMAX attendance,
No planetarium advertising
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an hourly through put of 396. (Traditional live stargazing
shows and laser shows require an hour time slot.) Currently
admission to the Planetarium is $4.00 for a regular feature
and $6.00 for rock laser.
In the ﬁrst quarter of 2000, attendance is just under 50%
of capacity for shows offered. As shown in the table above,
minimal paid advertising supported by media stories can
raise this ﬁgure to around 55%. Signiﬁcant paid advertising
has never been tried for a planetarium venue, so results are
not available.
At this attendance level, revenue covers the development
of Powers of Time, which cost less than $50K to produce plus
staff time. If Powers of Time is distributed to any other planetarium, distribution costs will be minimal and the process
will be proﬁtable.
The Museum has also been successful in acquiring funding to support development of large-format productions and
video sequences, which can be rerendered and recycled.
Unlike ﬁlm, once models are developed and scenes are created, any different rendering paths can be taken with signiﬁ-

cant savings in production. Once rendering is done, scenes
can be repurposed just by moving ﬁles around on a hard
drive. Once dome masters are created, distribution costs
come down to frame copying and shipment of hard drives.
The sound track can also be stored and transferred on .wav
ﬁles.
A large portion of the cost associated with creating a program involves the creation of the original virtual environments. In Voyage to Dharmok’s Gate, the Planetarium took
scenes created for the DVD product “Planetary Traveler” and
rerendered the ﬂy-throughs to provide full-dome views of
each moving scene. Some ﬂight paths had to be modiﬁed
from the DVD because a full-dome scene cannot move as
fast as a scene on a TV screen without causing audiences
to become sick. A gate-share arrangement with Third Planet
Productions repays their co-direction of the production
and assistance in redesigning and rendering scenes. George
Takei, “Captain Sulu of Star Trek,” hosts this science ﬁction
adventure. Paul Haslinger is scoring the sound track.
This is deﬁnitely a venue-in-development… Stay tuned! ✹
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Planetariums: The Keys to Success (Panel Discussion)
Chair: John Dickenson1
Panelists: Bill Chomik2, Thomas Clarke3, David Leverton4, Ian C. McLennan5,
and Gary Sampson6
1

H.R. MacMillan Space Centre, 1100 Chestnut Street, Vancouver, BC V6J 3J9, Canada
Phone: +1 (604) 738-7827 x234 Fax: +1 (604) 736-5665 Email: jdickens@axionet.com
2
Chomik Architectural Group, #800 – 640 8th Ave. S.W., Calgary, Alberta T2P 1G7, Canada
Phone: +1 (403) 233-7888 Fax: +1 (403) 294-0623 Email: chomikag@cadvision.com
3
Royal Ontario Museum, 100 Queen’s Park, Toronto, Ontario M5S 2C6, Canada
Phone: +1 (416) 586-5739 Fax: +1 (416) 586-5737 Email: tomc@rom.on.ca
4
Northern Lights Space & Science Centre, Box 590, Watson Lake, Yukon Y0A 1C0, Canada
Phone: +1 (867) 668-3424 Fax: +1 (867) 393-1998 Email: dleverton@yukon.net
5
#404 – 1275 Haro Street, Vancouver, BC V6E 1G1, Canada
Phone/Fax: +1 (604) 681-4790 Email: imclennan@compuserve.com
6
Wauwatosa West High School Planetarium, 11400 W. Center St., Wauwatosa, WI 53222, U.S.A.
Phone: +1 (414) 773-3000 Fax: +1 (414) 773-3020 Email: ges@execpc.com

Six panelists with diverse backgrounds will explore together the key factors which make the difference between flourishing success
and the struggles of closure. Their range of interests and experience will provide a session with valuable insights for all planetarians.
The presentations will focus on three areas:
1. The Challenges — what are the major threats and challenges in keeping the dome open?
2. Strategies for Success — what have we learnt from our experiences and those of others?
3. Future Trends — what factors must we take into account in planning for new or re-furbished facilities?
Panelists include: Bill Chomik, an architect who specializes in performance theatres including planetariums; Gary Sampson, operates a school based planetarium; Ian McLennan, an international planetarium consultant; Tom Clarke, the ex-Director of a large
planetarium which permanently closed; David Leverton, directs a high-tech planetarium in a small northern community; John Dickenson, directs a facility which has recently undergone a major expansion.
This is not a session about technology. It is a session about client appeal, program flexibility, community support, operational
models, sponsorship and funding, collaboration, governance, survival and more.

John Dickenson’s statement
The planetarium is something of an enigma. At one end of
the “Success Scale” planetariums have closed or are under
threat of cost cutting and closure. At the same time at the
other end of the scale, new multi million dollar facilities are
opening and others are engaging in substantial upgrading
and renovations. Planetariums in major market areas have
failed, and yet some new ones are successful in tiny markets.

Clearly it is hard to make generalizations about the future of
the planetarium. There are however certain characteristics
which can be identiﬁed as indicators of the likeley position
of a facility on the “Success Scale.” These keys to success will
be reviewed and identiﬁed, and strategies for developing and
nurturing them discussed.

Bill Chomik’s statement
The architecture of the planetarium has evolved in response
to technological and programming changes over the past
three to four decades.
Although the success of the overall audience experience
continues to rely on the aspect of captivation within a “surrounding” and super-scaled environment, vast improvements
and growth in projection technologies over the years have
added signiﬁcantly to the quality of that experience. This
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has been reﬂected in the physical design of planetariums
(both new and renovated) including larger dome diameters,
larger perimeter coves, more efﬁcient seating layouts, more
extensive mechanical and electrical requirements and less
intrusive projection infrastructure.
However, faced with marketing challenges in recent years,
planetarium operators have had to do more than simply rely
on broader and more impressive projected images — they
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have had to rethink the entertainment paradigm by offering
more comfortable, yet spectacular, environs and shows with
more impact that inspire, move, inform and amuse, often
involving an element of human interaction. Building design
has evolved to accommodate this change, including tilting
both the audience and the dome to increase seating inclination and address projection requirements, and introducing
performance stages.

These building design parameters have created unprecedented challenges for the architect, particularly in existing
planetariums which are constrained by building infrastructure and space, and where funding is, in most instances, very
tight. These aspects will be explored by the panel under the
guidance of architect Bill Chomik who will use illustrative
examples from some of his new planetarium projects being
built around the world.

Thomas Clarke’s statement
After the McLaughlin Planetarium was suddenly closed in
December 1995 there was a concerted, though ultimately
unsuccessful attempt, to renew the facility by soliciting a
private sector partner. The goal was to create a new “attraction” that required minimal or no capital from the Royal
Ontario Museum and that would as a minimum require no
operating dollars. The presentation will review the range

of responses including some insights into what the private
sector feels makes an astronomy “attraction.” With the advantage of hindsight, there are also lessons to be taken from the
closure particularly in regard to the position of planetarium
as part of large museums and the impact of museum strategic planning, corporate vision and structure of boards.

David Leverton’s statement
The Northern Lights Centre is located in Watson Lake, Yukon
and is the only one of its kind in northern Canada. During
the summer months visitors learn about the myth and folklore as well as the science of the northern lights inside a
50 foot tilted dome environment. The facility features stateof-the-art multimedia equipment including advanced video
and laser technology. The centre also provides a number
of interactive exhibits describing Canada’s involvement in

space research, remote sensing and the study of the northern lights. During the winter months the centre provides
educational opportunities for northern students and serves
as an important community facility. Mr. Leverton will speak
about the unique challenges and strategies for success in
keeping Canada’s most northerly planetarium operating on
a year round basis. Further information about the facility is
available at www.northernlightscentre.com

Paper by Ian C. McLennan
Thank you very much, John (Dickenson). I have enjoyed all
these presentations, and indeed have thoroughly enjoyed
the entire IPS Conference. Not only has it been an inspiring
meeting from the point of view of seeing new technologies
and witnessing the re-birth of the planetarium idea; the conference itself has been very well organised, and congratulations are due our friends here in Montreal.
I have been reﬂecting a lot over the last few days about the
planetarium as a medium. I got out of the planetarium business a few years ago, gravitating — not necessarily by any
grand design — but by happenstance toward what was happening in the World Exposition ﬁeld. I got involved with several world exposition pavilion projects. Now, many years later,
I am coming to the conclusion that the exposition is a dying
medium, and is coming to a logical conclusion in history
— largely because world’s fairs have become thinly vieled
tourism and trade promotion vehicles on the part of many
nations, instead of a platform for innovative ideas they were
intended to be. And so, unexpectedly, I am gravitating back
into the planetarium ﬁeld, because that’s where the action is,
not to mention the innovation, regeneration and excitement!
On a personal level, this means coming full circle.

The new opportunities, however, bring new obligations…
and one of these obligations boils down to the central business of presentation. There has been a lot said here, as usual,
about the old “education versus entertainment” issue, as well
as other dichotomies… and as useful as those arguments
are, in the end no matter what we are doing, we are presenting ideas to the public. And whether we are delivering
something simply under the dome, using little in the way
of audio-visual aids and techniques, or all the way up to
what the new Adler and new Hayden are able to deliver
with sophisticated a/v production, in the end the common
denominator is presentation, and it behooves us to look at
that from the point of view of professionalism. Certainly I
have seen both extremes, good and bad.
One of the things I learned in the very early days, indeed
before I even got into the planetarium ﬁeld, came out of the
broadcasting business — which was my original career. We
had a production manager who actually LISTENED to his
radio station. I was once reading a newscast, and mistakenly
used the pronounciation nuke-u-lar for nuclear (new-clear).
I was told afterwards, in no uncertain terms, never to mispronounce that, or any other word again. From that date, I
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shuddered at even the POSSIBILITY I might inﬂict an unintentional boo-boo on the unsuspecting public. Out of that
discipline, I did learn to think in terms of the recipient audience, and to respect them enough to do the utmost in presenting something of substance and value.
In our planetariums, we very often have managers or directors who may be busy and distracted by administration, fund
raising, academic pursuits and myriads of other activities,
and who often don’t even audit their own shows, and don’t
know what’s really going on in the planaterium theatre. And
that is the central product of the facility, and arguably, the
raison d’etre for existance of the institution in the ﬁrst place.
It seems to me that quality control is a fundamentally major
item that requires a great deal of attention.
That leads me to the subject of recorded versus ‘live’ presentations, and please understand I was one of the people,
a generation ago, responsible for ushering in the era of the
recorded planetarium program. I don’t apologise for that
now, because it was the right decision — for that time. But
I have come full circle on that subject, and feel the time has
come to go back to the roots of the planetarium idea. This is
partly in response to the fact that the external environment
has changed. There isn’t much that has changed in the planetarium medium itself… Well, yes, there are some new technologies and toys to play with, but the context and external
environment has changed around us. There was some reference to that, earlier today, about IMAX and other forms of
information-laden entertainment that are available to people
today. If we take that as a given, then we have to look for ways
in which the planetarium is unique.
One of the ways in which it is unique, and in which that
uniqueness can be celebrated, is to go back to the basics of
‘live’ presentations. This does not preclude the possibility of
having very sophisticated recorded segments on cue, and I
would certainly like to see that re-visited where live presenters are concerned. Incidentally, I don’t picture live presenters just being disembodied voices in a darkened theatre, but
somebody out in the midst of the audience, engaging the
visitors in a truly inter-active manner. Again, every once in
a while, on cue, the presenter might come up with a prerecorded segment, if it is appropriate to the subject (and
audience) at hand. Random access technology lends itself
admirably to customising the introduction of an a/v seg-

ment according to what is happening in a particular audience.
I am often struck how a world-class entertainer may be
able to present a very sophisticated show, complete with
exquisite timing and tight production cues, yet may be able
to interact with each audience as if the show was completely
fresh, and tailor made to that audience. That takes skill and
experience, and it is not a skill that everyone can attain. But
it occurs to me that it is a skill we should be looking for in
the live presenters in our planetarium theatres. And I am not
making a case for empty-headed actors. An equal prerequisite should be a deep knowledge and passion for the subject
of astronomy, and its allied arts and sciences.
If live (and lively) programming were established as a
normal method of operating in many of the planetariums we
are talking about, it would help the planetarium — and the
planetarium medium in general — in terms of positioning
and branding. Now, I know these are marketing terms. But
John made reference earlier this morning to the notion that
we can’t operate in isolation, or even rely only on the basis
of how good our programs are, but we have to operate within
the ‘real world’ in terms of how we ﬁt in with the rest of the
community. That also means we will be compared with the
rest of what is available out there.
The most important thing I’ve heard in the past few days
is that we should be more “outcome-oriented.” No matter
whether we are in a small school planetarium or in a very
large facility, we should be looking at what we are trying to
achieve in terms of outcome — not what we are trying to DO
with equipment, or what area we want to PLAY in, but rather
what it is we are trying to achieve with any particular audience. Then, we must look for the particular combination of
people, resources and technology that will make that possible.
Recently I was conducting a workshop for the Smithsonian Institution’s Albert Einstein Planetarium in Washington,
D.C. One of my favourite quotations coming out of that exercise, came from long-time planetarian David DiVorkin, whom
many of you know… At the conclusion of one of the sessions,
he remarked, “Well, you know, you can make anything uninteresting.”
I’ll leave you with that sobering thought.

Gary E. Sampson’s statement
Planetariums attached to school districts fall mainly into
the “medium” and “small” categories, and exist as portable
or ﬁxed entities. School planetariums face many challenges
including modest budgets, one-person operations, vulnerability to program cuts, uneven access to recent technologies,
and the challenge of staying current in astronomy. Despite
these many challenges, the majority of school planetariums
remain viable. The more successful ones have become an
integral part of the school district’s space science curriculum. To close them would be tantamount to eliminating
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astronomy in the school district’s curriculum. Indeed, when
threatened with closure, many of these planetariums have
become even more prominent as community assets because
of the diligent work of the planetarium director in working
with the many groups in the community, thereby surpassing
the planetarium’s basic function as a provider of astronomy
education for school classes. Future trends include the need
to align the programming of school planetariums with the
emerging nationally-standardized science curricula to further assure their viablilty.
✹
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The Role of Professional Astronomers in Planetariums:
Why or Why Not?! (Panel Discussion)
Chair: Douglas Duncan1,2
Panelists: Anthony Fairall3, Uwe Lemmer4, Lars Petersen5, and Neil deGrasse Tyson6
1

American Astronomical Society
University of Chicago, 5640 S. Ellis Avenue, Chicago, IL 60637, USA
Phone: +1 (773) 702-8207 Fax: +1 (773) 702-8212 Email: duncan@dei.uchicago.edu
3
South African Museum & Department of Astronomy, University of Cape Town, Private Bag, Rondebosch 7700, South Africa
Phone: +27 (21) 650-2392 Fax: +27 (21) 650-3342 Email: fairall@physci.uct.ac.za
4
Nicolaus Copernicus Planetarium, Am Plärrer 41, 90317 Nürnberg, Germany
Phone: +49 (911) 929 65 53 Fax: +49 (911) 929 65 54 Email: planetarium@osn.de
5
Orion Planetarium, Søvej 36, Jels, DK-6630 Rødding, Denmark
Phone: +45 7455 2400 Fax: +45 7455 2655 Email: orion@au.dk
6
Hayden Planetarium, American Museum of Natural History
Central Park West at 79th St., New York, NY 10024, USA
2

Why? Benefits to the Planetarium from hiring research astronomers:
1. The type of person you can hire.
2. Ensuring that content is current.
3. Teaching that science is a process — something you DO!
4. Thorough knowledge often leads to simpler explanations.
5. Researchers are used to keeping technically up-to-date.
6. New source of grant money?
7. Could help prevent the extinction of Planetariums.
Why Not? Possible Detriments:
1. Clash of cultures / staff turmoil / change of mission.
2. The arrogance factor.
3. How can it be financed?
4. How to evaluate performance?

Paper by Anthony P. Fairall
I am a professional research astronomer who “moonlights”
as a planetarium director, but I ﬁnd myself more the exception than the rule. Few planetariums can count professional
astronomers amongst their staff members. Sadly the planetarium community is largely isolated from the researchers.
Many people running planetariums often do not really
understand what research is about, or see the reason to keep
abreast of the most recent discoveries. All they see and know
is the planetarium starﬁeld, and that stays the same. In similar fashion, many researchers, in spite of pressures to publicize and share their work, are often limited in being able to
“put it over” to the public, and would not even consider the
communications opportunities available in a planetarium.
Instead of the IPS being a part of the International Astronomical Union, it operates totally independently — very few
of its members also belong to the IAU.
The need for a professional astronomer in a planetarium
ought to be obvious. For a start, every aspect of the working
of the star projector — such as the precession of the line of

nodes of the Moon’s orbit or the function of a “Diurnal Coupler” — need to be understood. The accuracy of the astronomical content of the presentations needs to be checked,
and correct responses are needed for all questions that
members of the audience may ask.
However, the greater role is to decide or inﬂuence what is
put over in the presentations. Research astronomers generally see planetariums as old fashioned. Planetariums originated in days when almost everyone had clear views of the
night sky, even from the cities. There is an obsession in many
planetariums for teaching “sky lore” — constellations, how
ancients saw the stars, etc. This is all very well in its own
right (and usually very politically correct), but off the mainstream of modern astronomy. Ideally today, we need a planetarium that doesn’t just show a naked-eye view of the sky. We
need to learn about real galaxies, black holes and the Cosmic
Microwave Background, much more than about imaginary
pictures in the sky.
As a result of having a professional astronomer as a direc-
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tor, my planetarium has also been able to show, for example,
the radio sky, the enhanced Milky Way, the extragalactic sky,
and the Cosmic Background Radiation (all as alternatives to
the naked-eye starﬁeld). The starﬁeld is still there, but it is
interpreted with modern astrophysical aspects, as to what we
are looking at, and how far we are seeing.
Without a professional astronomer, many planetariums
operate in the same fashion as do companies that produce

television documentaries. Their products may often be polished, but are more of a sociological nature, than having
serious scientiﬁc bite. One may still look up to Carl Sagan’s
“Cosmos” series, as what we are striving for — a combination
of professional research and knowledge, intellectual content,
and communication skill. That can only be achieved with a
professional astronomer on board.

Paper by Uwe Lemmer
Uwe Lemmer has been director of the Nicolaus Copernicus Planetarium (Nürnberg, Germany) since 1996.
Coming from the country where the planetarium was
invented, I could refer to historical, i.e. pre-war traditions.
In the ﬁrst German planetaria, astronomers were the only
planetarians at all. Most lecturers’ names had to start with
“Doctor” (Ph.D.) or “Professor” — of course. This had consequences as we know very well as far as the choice of topics
and the style of presentation was concerned.
Now, something has changed — obviously, because the
experience was made that other talented persons, either professionals or amateurs could present astronomy as well, or
even better and more interesting, with more personal commitment and better feeling for what the audience likes.
Today, even in Germany, you don’t necessarily have to be
a professor any more in order to manage a planetarium. But
we can observe a considerable decline of what I humbly call
“esteem” towards astronomers in a planetarium. Probably
we are just reproducing in Germany what already happened
elsewhere. If budgetary constraints force the management to
release part of the staff, it is the astronomer who may get
ﬁred ﬁrst. Obviously, the role of an astronomer is not considered important for the planetarium, while technical support
personnel or administrative staff has a higher score.
So, I started to think about the astronomer-free planetarium. Anyway, I think one ﬁrst has to decide whether a
planetarium considers itself more as a scientiﬁc institute, or
an educational facility, or an entertaining one. This decision about the planetarium’s mission cannot be generalized.
A planetarium mainly serving schools in a district doesn’t
need an astronomer — although it is of advantage if one
could be contacted on demand.
One of my German colleagues once deﬁned the planetarium as the “public relations arm of astronomy,” as if a visit to
the planetarium allows us to see where and how the taxpayers’ money dedicated to space research is working. If we take
over that role of the planetarium, the presence of an astronomer in a planetarium is mandatory. No one would accept such
a planetarium without an astronomer, just as we all expect a
physician in a hospital or a lawyer in a lawyer’s ofﬁce.
But, if we look around here at the conference on what
new planetarium installations are growing up, we see video
animations, sophisticated production techniques, and many
other things that are far beyond the scope of a research
astronomer.
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And most of what we are teaching in a planetarium is not
at the level that requires a professional astronomer at all.
Teachers or amateur astronomers with sound knowledge of
our science can do a very good job — sometimes much
better than that legendary “Professor” I mentioned in the
beginning. Normally, teaching a public audience is not what
you learn as a graduate student in physics or astronomy.
So, in this sense the research astronomer is not better qualiﬁed for a planetarium than a teacher. But on the other side
teachers do not learn the in-depth science that an astronomer does throughout his/her scientiﬁc career. And, we are
living in times with tremendously increasing astronomical
research activities. Who, then, is better suited to explain the
results of modern astronomy than an astronomer? Just recall
what Anthony Fairall presented last night in the Montreal
Planetarium. Those 3-D projections themselves were nice
but their educational value could only be exploited when he
— as an astronomer — explained us the details. Following
that line of reasoning, I would say that we need astronomers
in the planetarium.
Finally, I wish to mention another aspect which is worth
thinking about. It is the role of professionalism that I think
is necessary for a planetarium. Do we focus mainly on what
happens in the dome or do we also care about what happens
outside? Many of the old (or should I call them “old-fashioned”?) planetaria are stand alone facilities, i.e. no museum
or science center or university behind them. This, at least, is
the case for most major planetaria in Germany. In that case
the planetarium also serves as an information center for the
general public. People are calling, writing or e-mailing us
all kinds of questions that are more or less related to space.
Many of these questions need some in-depth knowledge of
astronomy. Of course, you can operate a planetarium without an astronomer and just have a telephone operator with
a list of phone numbers and web sites or e-mail addresses to
contact professional astronomers. But doesn’t this somehow
erode the image of a planetarium as a center of astronomical
competence?
And — by the way — we possibly wouldn’t have such nice
books as Neil Tyson’s “Merlin’s Tour of the Universe.” Books
like this are the result of questions coming from the audience and being answered by a professional astronomer.
There are some additional points that came into my mind
when thinking about the role of professional astronomers
in the planetarium: Is it possible that in the long run, the
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astronomer-free planetarium will result in an astronomyfree planetarium? If I look at some of the vendor presentations, I am afraid to see it almost on the horizon.
Planetaria offer job opportunities for astronomers. If one
considers that a planetarium does not need an astronomer, a
small, but valuable ﬁeld of employment for astronomers will
cease. On the other hand, I have seen in the vendor expositions that computer graphics companies will need astronomers if they want to enhance their image libraries and data
banks. The wonderful animations that were created for the
new Hayden Planetarium are an example of what research
astronomers can do in order to provide a realistic rendering
of the universe.

The question “Do we need professional/research astronomers in a planetarium?” might be equivalent to the question “Do we need specialists (i.e. scientists, astronomers) or
rather more generalists (teachers, media experts, managers)
in a planetarium?” The answer is as simple as unsatisfying: It
depends.
It depends on the general scope of the planetarium and it
depends on the astronomers. Just being a research astronomer is not enough reason to work in the planetarium ﬁeld. It
needs team workers with additional qualiﬁcations that have
to do with education, multi-media and public relations. But
actually, this is what we already know for quite a long time.

Paper by Lars Petersen
Lars Petersen is director of the Orion Planetarium in the southern
part of Denmark.
Let me ﬁrst express my total agreement with the former
speakers regarding the necessity of having professional
astronomers or access to some in the planetarium when
we want transmit the newest results from an ever growing
volume of astronomical research to the general public. In
this presentation I will not elaborate further on this topic,
but rather address other issues based on my own experiences, mainly focused on the interaction of the planetarium
with the surrounding society.
Here a little bit of background information might be relevant. Our institution is one of just three planetaria in
Denmark and I hold the only academic position at the
Orion Planetarium, which is situated in a region of low population density. None of the Danish planetaria are older than
11 years, therefore, there is a short and limited tradition/
culture of planetaria in our country. Yet in many respects
it is helpful to be a professional astronomer when trying to
consolidate the role of the planetarium in the society; i.e.
building prestige/reputation so they will be regarded just as
important as zoos, aquaria, science museums, etc., and not
just seen as “science circuses.” This also has major signiﬁcance when it comes to grant application and fund raising.
In this context we give important contributions to the

development of the primary school curriculum, teacher’s
training/enrichment programmes, and with academic staff
member teachers will accept planetarium educational shows
to cover high school curriculum subjects, which is a requirement for them to come at all.
As an astronomer the media will often regard you as an
expert and you can attract a lot of attention to the facility
through press releases and media coverage in general. E.g.
during the last year we have managed to be on nation-wide
television four times and one time on regional TV in connection with major astronomical events (eclipses, meteor showers, conjunctions). This press contact gives you in turn a
unique chance to educate the public through news notes and
larger articles in newspapers, magazines, radio programmes
etc. As an astronomer you also have a chance to tell about
your own experiences on an remote mountain top in Chile,
the Canary Islands or somewhere else, that both children
and adults ﬁnd fascinating.
Being a faculty member I have the opportunity to draw
on resources from the Institute of Physics and Astronomy,
thus bringing information and the latest results from top
scientists, while the university provides lecturers for Open
University courses, etc. On the other hand the planetarium
often acts as a guidance counsellor giving young students
information on science studies at the universities.

Neil deGrasse Tyson’s statement
Neil deGrasse Tyson is an astronomer in the Department of Astrophysics and Director of the Hayden Planetarium in New York City.
Seventy ﬁve years ago, when the “modern” planetarium was
invented, college-level astronomy textbooks devoted whole
chapters each to the celestial sphere, eclipses, seasons,
retrograde motion, and the sidereal universe. The planetarium technology of the day was perfectly suited to capture
this curriculum. As decade by decade of cosmic discovery
unfolded, many planetariums remained locked in the 1920s
curriculum, allowing the technology to deﬁne the capacity

to teach. Special-effects projectors and travelling exhibits
enabled many planetariums to intermittently keep pace with
published research. But now, with published research ﬂying
past with a doubling time of ﬁfteen years, if planetariums
do not have either direct or indirect access to those on this
research frontier then the industry is doomed to become
an obsolete educational tool as it moves backwards just by
standing still.

✹
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Education vs. Entertainment in the Planetarium:
The Mini-Wheats® Debate (Panel Discussion)
Chair: Dr. William Gutsch1
Panelists: Jeanne E. Bishop2, Jon Elvert3, Johan Gijsenbergs4, and Sheldon Schafer5
1

Great Ideas, 11 The Crossway, Kinnelon, NJ 07405, USA
Phone: +1 (973) 492-8165 Fax: +1 (973) 492-1836 Email: 102417.2073@compuserve.com
2
Westlake Schools Planetarium, 24525 Hilliard Road, Westlake, OH 44145, USA
Phone: +1 (440) 871-5293 Fax: +1 (440) 835-5572 Email: jeanbishop@aol.com
3
Lane ESD Planetarium, 2300 Leo Harris Pkwy, Eugene, OR 97401, USA
Phone: +1 (541) 461-8227 Fax: +1 (541) 687-6459 Email: jelvert@lane.k12.or.us
4
Sky-Skan, Inc., and Artis Planetarium, Plantage Kerklaan 38-40, 1000 HD Amsterdam, The Netherlands
Phone: Fax: Email: planetarium@artis.nl
5
Lakeview Museum of Arts & Sciences, 1125 West Lake Ave, Peoria, IL 61614 USA
Phone: +1 (309) 686-7000 Fax: +1 (309) 686-0280 Email: sschafer@lakeview-museum.org

From journal articles to web sites and conference paper sessions to after hours hospitality suites, the seemingly endless debate goes
on. Today, we will come together to visit this profound, important, and emotional topic yet again and, hopefully offer some new
insights into how best to use our wonderful facilities and serve our audiences.

Paper by Jeanne E. Bishop
Jeanne E. Bishop heads the Westlake Schools Planetarium, Ohio,
USA.
As Sheldon Schafer has pointed out, for purposes of both
education and entertainment, we should strive for a “pivotal
experience.” Bill Gutsch’s “Where in the Universe is Carmen
Sandiego?” clearly is a large-scale example of this. There are
many other possibilities.
In the school planetarium program, there are many opportunities to make material both educational and entertaining. If a technique used in the planetarium is entertaining
while meeting educational goals, it is likely to be remembered longer and the long-term positive effect will probably
be greater.
I think that interactive programs are wonderful, and many
pure astronomical concepts can be developed with hypotheses, discovery, and pencil-paper activities. My doctoral dissertation which incorporated the Learning Cycle in lessons
for eighth grade students showed that these produced a
higher level of enthusiasm for astronomy than planetarium
programs that did not used them. Also, the Piagetian process called “accommodation” (moving to a new and higher
thinking structure), often difﬁcult, happens more often with
these types of methods, a very important educational result.
But there are many topics for students and audiences of
all ages that are interdisciplinary, and combining study of
astronomy with them is very “entertaining” (interesting) to
many. In my planetarium, I present an interdisciplinary program for 6-year-olds about Native American astronomy. The
children hear several stories about the sky, and then they

196 ✹ IPS 2000 Conference Proceedings

role-play two of them. They love the Micmac/Iroquois story
of the hunters who chase and attack the sky bear. One child
puts on fake bear paws and other children follow as the different hunters. The other children urge the “hunters” on, so
there will be food for all through the cold winter. From this
children learn the stars of Ursa Major; the idea that they
circle about the North Star; the locations of the Big Dipper
in each season, and that the pattern of change repeats itself
yearly (a basic concept in our early curriculum is “cycle”).
For elementary children, I present a program about how
slaves in the Southeastern US escaped from slavery by following the Big Dipper and Polaris north to Canada. A drinking gourd is a long-handled gourd which looked like the Big
Dipper in the Sky, and in my program designated children
in each “family” hold these up across the planetarium stars
of the Big Dipper. The “families” move northward in several
stages from seat to seat in a simulated journey toward freedom. This becomes very exciting as some in the “families” hold
dolls to represent children that are with them. I interject an
occasional dog bark, indicating a slave master might be close,
which means the children must freeze to absolute silence for
a time. I have had children come back to be years later to tell
about the impact of this experience and how they now look for
the Big Dipper and Polaris and remember the program.
Students in high school history classes are interested in
such ideas as Christopher Columbus using a solar eclipse to
induce islanders to bring food to his crew, and the effect of
the presence of the moon on US history events such as the
Boston Tea party, Paul Revere’s ride, and the Boston Mas-
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sacre (see Sky and Telescope for the latter three stories by
Olson, Doescher, and Garrett: April 1992, December 1993,
and March 1998). Astronomy and history each become more
entertaining when combined in this way. For different grade
levels I present programs on ancient Chinese, Japanese, Babylonian, Egyptian, Greek/Roman, and Medieval sky ideas.
Often I dress up as a key ﬁgure, mythical or real, representing the ancient culture.
For high school English students, the idea that Tycho Brahe’s “star” (nova) may have inspired Shakespeare, and the
many astronomy/astrology references in Chaucer’s Canterbury Tales make the English works more meaningful and
intelligible.
Some points always to remember while planning educational programs that are also entertaining: 1) Never sacriﬁce accuracy to showmanship. If you do exaggerate or show
what cannot be true (e.g., Merlin enthusiastically explain-

ing Medieval astronomy or a strange teacher hosting a magic
bus ride into space to learn about the planets), make sure
the audience is aware of the aspects of a presentation that
are theatrical or otherwise false. Of course, every planetarium program should strive toward accuracy, so misconceptions are not initiated or continued in audience members.
2) Don’t let special effects run the planned program. Let
the educational goals have priority and suggest the special
effects that will be used. (I have watched children be more
excited by simple methods and effects in the planetarium
than by some very sophisticated auxiliary projector effects.)
I hope that no one thinks that education and entertainment are mutually exclusive processes in planetarium programming. I have seen programs by many of you that do a
great job of combining education and entertainment. Education and entertainment can and should go together.

Paper by Jon Elvert
Jon Elvert heads the Lane ESD Planetarium in Eugene, Oregon,
USA.
I was invited to participate on this panel because I’ve had the
good fortune of working in both European and North American planetariums. While a graduate student at the university
in Tübingen, Germany, I also lectured at the Carl Zeiss Planetarium in nearby Stuttgart for four years. As an impressionable student, and not yet committed to the planetarium ﬁeld
as a career, I became immersed in the planetarium’s show
philosophy. These programs emphasized astronomical subject matter and were generally presented in a matter-of-fact
style. The content of some programs seemed to cover in detail
the entire known universe… and within thirty-ﬁve or forty
minutes. This program style is what I would call the wheat,
the substance, in Bill’s analogy of a mini-wheat debate. I
was in Germany for seven years without returning to the
United States, so when I did return and re-entered the planetarium ﬁeld as an Intern at the Strasenburgh Planetarium
in Rochester, New York, I thought I was on another planet!
I was suddenly confronted with a talking duck and puppets
as characters explaining the phases of the moon or stellar
distances. Obviously, my impressions of Strasenburgh’s show
content and presentation style were completely opposite
of my German experience. The Strasenburgh experience
became the sugar coated side of the mini-wheats. Instead of

programs narrated by professional astronomers, as in most
European planetarium productions, there were television
celebrities, cartoon characters and even space aliens narrating and starring in the shows produced at the Strasenburgh. Effects were used to create a visual “wow” or colorful
experience rather than to demonstrate a concept as used
in Europe. There were certainly two different presentational
approaches in conveying astronomy — one presenting a very
academic style using visuals to augment the subject matter,
and the other an almost hollywood style of presentation. It
took me a while, a long while, to believe that these two styles
can co-exist and effectively be synthesized into meaningful
shows.
I believe there is no either-or to this Education vs. Entertainment debate, but rather, and maybe more importantly,
program style and content reﬂect the culture of the country or people. The planetarium programs I saw throughout
Europe were generally very heavy on the “educational” theme
and light on the “entertainment.” The programs in planetariums I saw in the United States, after my Internship, were
often the very opposite. It’s interesting to note, however, that
attendance to the Stuttgart planetarium was always near
capacity no matter how academic the theme. From a cultural
view point, does this matter? Your feedback please.

Johan Gijsenbergs’ statement
Johan Gijsenbergs is with the Artis Planetarium in Amsterdam, The
Netherlands, and Sky-Skan representative.
It seems like a never ending discussion in the plantarium
world. How far do you want to go in telling people about
astronomy? Do we use plain teaching methods or all kinds of
bells and whistles? We often forget a simple marketing principle that asks: “What do you want to say and to whom do you

want to say it?” With this in mind, we must realize that our
audiences, in many ways, actually often tell us how to produce our shows. In my opinion, however, planetarium shows
usually end up as a mix of both approaches.
Sometimes, it’s hard to criticize shows from colleagues.
Sometimes, they seem to write and produce shows in different ways than you would. Who’s right? As a general rule, I
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would say use your own judgement in creating your shows
but keep listening to and watching your audiences and never
lose touch with them.

Finally, a couple of questions: Should we call ourselves
“teachers,” “entertainers,” or “edu-tainers”? And, does doing
so, solve any problems?

Paper by Sheldon Schafer
Sheldon Schafer is Director of Science Programs and Facilities at
the Lakeview Museum of Arts & Sciences in Peoria, Illinois, USA.
Often the debate on education versus entertainment in planetarium shows presumes that if a show is to be truly educational, there must be some veriﬁable content acquisition,
and to achieve that, the students can’t really have fun. On
the other hand, a truly entertaining show may inspire a
person to want to learn more, but they won’t really retain
much from the show beyond the “desire” to learn.
A review of the literature will show that those who want
“measurable learning” have unrealistic expectations, as there
are very few research studies which will show this. (Dr.
Jeanne Bishop, also on this panel, has conducted one such
study, and Dr. Carolyn Summers is presenting at this conference the results of another such study.) The planetarium
experience is for most students, one hour out of a year’s education. It’s more appropriate to view the planetarium experience as a component of a science unit. If one were to analyze
any science unit, which would encompass up to three weeks
of teaching, it would be difﬁcult to single out a particular
hour and show that that hour alone was critical for content
acquisition. However, the planetarium experience does offer
something that the other hours of teaching don’t — a pivotal experience. A pivotal experience can create a “desire to
learn,” and in exceptional cases, has the ability to change
the course of a student’s development or education. A pivotal
experience is “memorable.”
As an example of the latter, I recall a panel exhibit at the
Museum of Science and Industry in Chicago. It featured the
biographies of current scientists. Each story related a life
experience that drew that person into science. Several of the
dozen scientists mentioned a visit to a planetarium as that
“pivotal” experience. The planetarium provided, in this small
sample, a signiﬁcant pivotal experience. While our effect is
not usually so dramatic for most students, the experience in
the planetarium can have that potential.
I would submit that the key to combining education and
entertainment is in the development of programs which utilize science process skills, and which have a dramatic or
interactive element that is capable of providing a pivotal
experience.
The development of science process skills is clearly a component of pure “education.” In Illinois, students are tested in
science not just for acquisition of content that is speciﬁed
in our state goals, but for their use of the scientiﬁc method.
In addition to content goals in astronomy, the goals include
process skills such as follows: “Understand the processes of
scientiﬁc inquiry to investigate questions, conduct experiments and solve problems.” So any show that challenges students to “think like a scientist” is meeting our educational
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goals; that is, it is “educational.” Yet, because students are
actively involved, and because such programs lend themselves to a dramatic element, they are entertaining as well.
We do a range of shows that embody this philosophy, from
high-end theatrical performances such as “Where in the
Universe is Carmen Sandiego” to thematic participatory lessons such as our “Leo Mystery Hour.” I’ll brieﬂy detail the
elements of this philosophy and the common elements of
these two very different programs.
Carmen Sandiego is, in my estimation, the best show to
ever have been done in a planetarium dome, and an excellent example of how to combine education and entertainment. It combines the best elements of live theater, the video
game, and the television show, with the unique capabilities
of a planetarium, to create an experience that is truly unlike
any other.
Students leaving the show are bubbling with excitement.
At the closing, when the music stops and the credits come on
fully darkened dome, the participants, students and adults
alike, break in to spontaneous applause and cheers.
Comments from teachers include:
“We spent about eight weeks studying the solar
system doing research, and working on projects.
They were able to use this knowledge during the
program. They were VERY proud. What a wonderful
program! The students were so focused and attentive. They couldn’t stop talking about (or singing
about) it.”
Susan LaCroix, Norwood Primary, 4th Grade, Peoria
“The Children enjoyed the planetarium show. It was
conducted in a fun as well as informational way.
The class enjoyed remembering information from
studying a space unit and applying the info to the
show, plus learning additional facts about the solar
system.”
Sandra Pruitt, 5th grade, Lincoln Elementary East Peoria
“Our trip was a follow-up to our unit on the solar
system. The students were able to use the knowledge
they have learned in class, as well as learn new facts
in a fun way. We had a Great Time! Thanks!”
Jeni Hart, 5th Grade St. Philomena School, Peoria
As the comments indicate, the show engaged the students
on several levels. The show involved the students in the
drama, mentally and physically. At the same time, science
process skills are engaged, as the riddles Carmen presents
aren’t trivial. As numerous teachers have said, they allow the
students to synthesize their knowledge.
I’ve seen hundreds of different shows in my life, many of
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which were excellent at being both entertaining and educational, but all of them were basically variations on a production standard which has been around, albeit evolving, for
over 30 years. Carmen has radically broken this standard
mold of a planetarium show. It shows what edutainment can
really be and (based on teacher evaluations) how a planetarium show can exercise process skills and be a “pivotal” experience.
At the other end of the technology spectrum is our thematic participatory lesson, the “Leo Mystery Hour.” As students enter the planetarium they encounter a “staged” crime
scene, complete with yellow “crime scene tape” acquired
from our local police department.
With the help of the planetarium detective, the group
discovers that the planetarium’s alien mascot has been
abducted (not kidnapped, but “alien-napped”). Since determining the time of the crime is always important, the students — now “star detectives” — then learn how to use the

stars to tell time. They use a “Big Dipper” clock to construct
a “Leo” clock.
At this point, the planetarium detective has to call in an
expert “Sherlock Domes” to aid in solving the case. Sherlock presents the evidence that he has collected, along with
a suspect’s alibi. The students have to use the information
already collected to determine whether the suspect is telling
the truth or not. As with Carmen, the students are excited
when they leave.
Both presentations, one very “high tech” and one “low
tech,” have the same key elements: There is a dramatic element; the students are actively involved; science process
skills are engaged in solving a problem or puzzle; the experience is memorable, and has the potential to be a “pivotal”
experience. As such, both presentations serve as examples
of how education and entertainment can be effectively combined.
✹
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General Planetarium Maintenance (Panel Discussion)
Chair: John Hare1
Panelists: George Barnett2, Björn Hedén3, Garry Musgrave4, and Steve T. Savage5
1

Ash Enterprises International Inc., 3602, 23rd Avenue West, Bradenton, FL 34205, USA
Phone: +1 (941) 746-3522 Fax: +1 (941) 750-9497 Email: jlhare@aol.com
2
National Space Science Centre, 41 Guildhall Lane, Leicester LE1 5FQ, United Kingdom
Phone: +44 116 253 0811 Fax: +44 116 261 6800 Email: georgeb@nssc.co.uk
3
Cosmonova, Swedish Museum of Natural History, Box 50007, SE-104 05 Stockholm, Sweden
Phone: +46 8 5195 5106 Fax: +46 70 383 7783 Email: bjorn.heden@nrm.se
4
Conceptron Associates, 1195 Durant Drive, Coquitlam, BC V3B 6R3, Canada
Phone: +1 (604) 945-5241 Fax: +1 (604) 941-5562 Email: gmusgrave@conceptron.com
5
Sky-Skan, Inc., 51 Lake Street, Nashua, NH 03060-4513, USA
Phone: +1 (603) 880-8500 Fax: +1 (603) 882-6522 Email: office@skyskan.com

John Hare’s statement
John Hare (Panel Chair) is President of Ash Enterprises International Inc, Bradenton, Florida, USA.
Planetarium projectors regardless of their vintage have a
stringent set of maintenance criteria that all to often are not
adequately met. Also, new technologies are making inroads
into planetarium theaters worldwide. A new generation of
star projectors, laser systems, video systems, control and
automation systems, and a host of other equipment bring
additional, and sometimes costly, maintenance requirements
to the planetarium operation. Preventative maintenance is
designed to avoid problems by providing service in order to

sustain performance levels above acceptible thresholds. This
aspect of planetarium maintenance is often ignored until it
becomes an issue of corrective maintenance. In other cases,
routine failures can be predicted and associated costs of
addresssing them can be identiﬁed. A video CRT or a laser
plasma tube for instance have projected operating lifetimes.
It is important to recognize exactly what maintenance needs
exist with the various equipment, what costs are associated
with those needs and to implement the resources to deal
with those needs.

George Barnett’s statement
George Barnett is Technical Manager at the National Space Science Centre, Leicester, England, UK.
The key focus for maintenance that probably would be useful
to the planetarium community at large is the electrical testing
done for all of our electrical equipment. The main concern (at
least in Europe) is for health and safety reasons, making sure
that both “home made” effects and off the shelf effects are
electrically tested and certiﬁed safe to use; this means making
sure that there are no exposed wires or shock hazards and also
that the item is properly cooled and of a quality build so that
it does not become a ﬁre hazard. As you may or may not know,
all items in the European Union must be certiﬁed to meet a

speciﬁcation (CE). It is my commitment to ensure that not
only items bought in to our attraction but also items designed
and built by our own staff meet these criteria as well as others
set out by health and safety guidelines.
The other area of my concern is ongoing maintenance,
when purchasing projectors or SPFX, ensuring that the bulbs
used are a standard design that can be sourced from more
than one supplier. Also it is imperative to keep up-to-date
records of when the item was last serviced and stay on a strict
regimen of ongoing maintenance. It is determined, from purchase, what the schedule of service is that is required for any
given item that comes into our facility.

Björn Hedén’s statement
Björn Hedén is Head Projectionist at Cosmonova, Stockholm,
Sweden.
Most everybody will agree that the single most important
piece of hardware is your star projector? Maybe not! Which
would you prefer: To have to repair your projector, or to have
to exchange your dome? The dome needs to be taken care of,
clean it regularly and exchange dented panels.
Apart from the obvious, that the show equipment should
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be in proper working condition, many technicians forget that
another important part of the visitors experience is the overall condition of the theater. Seats, handrails, carpets etc., is a
must to keep in order. Replace, repaint, re-attach and clean
all parts of the theater your visitors will experience.
A run-down, badly managed theater will make it harder to
attract repeat visitors, no matter how hard you worked on
your latest show.
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Steve Savage’s statement
Steve Savage is President of Sky-Skan Inc, Nashua, New Hampshire, USA.
Maintaining a modern Planetarium is changing due to new
digital technologies which are not backed up by proper
funding or staff training. New ideas such as CRT piggybanks
and budgeting for the disposable digital technologies are

challenging issues for staff and upper management. How do
we keep quality productions in tight ﬁnancial times and get
the best life and performance from digital systems as well as
aging mechanical systems. We’ll discuss the issues and strategies to keep the show up and running.

Paper by Gary Musgrave
Garry Musgrave is Principal Consultant for Conceptron Associates,
Vancouver, Canada.
Designing For Low Maintenance — A Set of Guidelines

•

1.0 Abstract
While not directly involved in maintenance, as technical
consultants and system designers we feel it important to consider ongoing maintenance and operational issues during
the design process. Aspects of the audio, video, and automation systems design can have signiﬁcant impact on maintenance from both intensity of labour and operational cost
standpoints. In this paper we present a set of guidelines for
various aspects of the systems design that can impact on the
long-term maintenance and reliability of the systems.

•

•

2.0 Environmental Issues
The environment in which the technical equipment is housed
is a key factor in obtaining long-term reliability.
2.1 Power
Microprocessors and other sensitive logic circuits are now
being used in all aspects of audio, video, and control systems. This equipment is sensitive to power-line problems and
noise. To prevent random lock-ups and other glitches, which
can be a maintenance nightmare, it is important to have a
clean, isolated power source with proper grounding.
Here is the general structure of such a system in North
America (speciﬁcs will vary from facility to facility):
• An isolation transformer feeds power from the main
building electrical distribution bus to a dedicated technical panel.
• A ground is established at the secondary of this transformer, which is connected directly to a low impedance
ground — this is typically the building entrance
ground.
• In larger facilities, sub distribution panels may be provided in local equipment areas. The main distribution
panel, and all sub-distribution panels, are isolated ground
panels with a properly dimensioned ground conductor
running back to the previous source (i.e. the isolation
transformer secondary or the main distribution panel).
• A separate, insulated technical ground is run to each
equipment bay from the distribution panel feeding

•

power to that bay. The equipment racks are insulated
from all metallic building elements, and connected to
this technical ground at one point only.
All electrical outlets used for technical equipment for an
area are fed from the nearest distribution panel. These
must be isolated ground receptacles, with a separate,
insulated ground going back to the distribution panel.
Sufﬁcient auxiliary outlets in each area must be provided from a separate panel to ensure that non-technical equipment is not connected to the technical power
system.
A power conditioner will also be required if the power
in your building is subject to brown-outs, surges, or line
voltage ﬂuctuations beyond 10% of your nominal line
voltage. If the power situation is unknown, a power line
recorder should be installed for a representative period
to determine if there are problems. Note that this test
device only detects large-scale problems — the type of
power line noise that can cause erratic behaviour in
microprocessors is typically at too low a level and too
high a frequency to show up on standard power line
monitoring equipment.
All computer equipment should be further protected by
providing an on-line UPS. Apart from providing back-up
power during a power outage, these devices provide
absolute isolation from most power problems.

2.2 Cooling
Electronic equipment can fail or perform erratically if
allowed to operate at too high a temperature. Even at temperatures below outright failure or unreliability, the life
expectancy of the equipment can be greatly reduced. Proper
cooling of equipment rooms and correct rack-mounting
techniques will both contribute to long-term reliability.
Some points to consider:
• Modern computer systems are running at increasingly
higher and higher clock rates – this translates to higher
operating temperatures. If allowed to run too hot, they
will often exhibit erratic behaviour.
• While most electronic equipment will operate at ambient temperatures between 40 and 100°F (4 and 38°C),
these are extremes, rather than design goals — operating at the upper limit will reduce component life. It
is also important to note that the temperature inside
an equipment rack can be considerably higher than the
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ambient temperature in the equipment room. Thus, the
equipment room should ideally be a controlled 65–68°F
(18–20°C) — to accomplish this, you need to know the
heat loading of the equipment in the racks. Humidity
should also be controlled to prevent condensation.
• Convection cooled equipment (especially processorintensive gear) should be rack mounted with blank
panels above and below, to allow circulation around the
unit. Note that some fan-cooled equipment should not
be mounted this way (certain Crown power ampliﬁers
are one example).
• Specialty equipment (e.g. real-time image processing
computers) may have very speciﬁc cooling requirements
that must be observed.
2.3 Access
As obvious as it may seem, equipment must be mounted to
allow ease of maintenance and troubleshooting access —
this is not always done. Some guide-lines:
• Provide a minimum of 39" (1 m) behind and in front of
all equipment racks.
• Ensure that all removable panels needed for maintenance and troubleshooting are accessible. Most rackmount equipment can be mounted on pull-out slides to
facilitate this (e.g. hard disk video playback units, computers, etc.).
3.0 Mechanical Issues
Generally, a mechanical device will fail long before an electronic device. The more mechanically complex the device
is, the more maintenance that is required. A simple rule-ofthumb for system design: eliminate moving parts. Clearly,
this is not always possible. In these instances, ensure that
the mechanisms are precision engineered and over-designed
— the extra initial cost will prove to be less expensive in the
long run.
Use hard-disk video and audio playback systems rather
than tape transports. Avoid internal hard drives — opt
for externally-accessible drives in hot-swappable bays. Keep
spare drives pre-loaded with the current show ﬁles. For critical systems (e.g. all-dome video), consider the use of RAID 3
or 5 arrays — the loss of a drive will not crash the show.
4.0 Miscellaneous Issues
4.1 Spares
• Consider spares wherever possible. Look at any items that
can potentially prevent you from running a show, and, if
at all feasible, purchase a spare unit (e.g. a spare projector
for all-dome video).
• Modular equipment, with easily replaceable cards/modules
is preferable over sealed boxes.
• If a redundant power supply is offered as an option for a
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key component, purchase it.
• Ensure that consumables (lamps, fuses, etc.) are standard
items that are readily available — preferably from more
than one source.
4.2 Communications
In each technical area (e.g. equipment room, console, and
pit) you should install both voice and modem lines for ease
of troubleshooting and software/ﬁrmware updating. If possible, also provide high-speed internet access.
4.3 Quality
Often paying a little more initially for higher quality equipment is cheaper in the long run. Avoid consumer equipment,
unless there is no industrial or professional equivalent. Use
rack-mount industrial computers over desktop towers —
these are generally better cooled and more easily serviced.
Understand the rated life of key components of the systems you are purchasing, and allow for their routine replacement in your operations budgets (e.g. projector CRT’s, Laser
tubes, capacitors in power supplies and audio ampliﬁers,
expensive lamps). To avoid down time, consider replacing
these components on a scheduled basis (i.e. when they reach
their nominal rated life) even if they haven’t yet failed.
4.4 Approvals
As independent consultants, we have for many years required
all equipment that connects to AC power to have an electrical safety rating (UL or equivalent in the US, CSA or equivalent in Canada, and EC in Europe). Although this has also
been required by law for many years in most parts of the
world, it has not in the US — many US jurisdictions are now
starting to require this (the City of Los Angeles, for example). Even if this is not a local code requirement, we strongly
recommend that you insist on this.
Never accept from a manufacturer that this is impossible
— there are independent testing facilities that are recognised, and most jurisdictions also have local testing authorities. This is an important safety issue — inability to get
approval should set off alarm bells about the quality of the
equipment. Sometimes modiﬁcations to the equipment are
required to meet these standards — these most often involve
grounding.
Other standards and approvals must also be met by some
types of equipment. Computer equipment must meet emission standards (FCC in the US, DOT in Canada, and CE in
Europe). Laser equipment must meet safety standards (ANSI
Z136 and requirements of the CDRH in the US).
4.5 Preventative Maintenance
If all of these guidelines are followed, your equipment should
perform reliably for many years. Sophisticated equipment,
however, still requires regular preventative maintenance —
following these guidelines does not negate this requirement.
✹
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Planetarium Standards:
Elevating the Profession (Panel Discussion)
Chair: Ed Lantz1
Panelists: Philip Groce2, Mark C. Petersen3, Steve T. Savage4, and Kenneth Wilson5
1

Spitz Inc., P.O. Box 198, Route 1, Chadds Ford, PA 19081, USA
Phone: +1 (610) 459-5200 Fax: +1 (610) 459-3830 Email: elantz@spitzinc.com
2
MegaSystems, 619 Orange Street, Macon, GA 31201, USA
Phone: +1 (912) 750-7870 Fax: +1 (912) 750-7826 Email: groce@mto.infi.net
3
Loch Ness Productions, P.O. Box 1159, Groton, MA 01450, USA
Phone: +1 (978) 448-3666 Fax: +1 (978) 448-3799 Email: mark@lochness.com
4
Sky-Skan, Inc., 51 Lake Street, Nashua, NH 03060-4513, USA
Phone: +1 (603) 880-8500 Fax: +1 (603) 882-6522 Email: office@skyskan.com
5
Science Museum of Virginia, 2500 West Broad St., Richmond, VA 23220, USA
Phone: +1 (804) 367-0457 Fax: +1 (804) 367-9348 Email: kwilson@smv.org

Many professional societies elevate the quality of their profession by the voluntary adoption of standards and professional guidelines. Panelists will present their ideas for planetarium standards that could foster greater professionalism, improve planetarium
facilities, facilitate fundraising, increase attendance, streamline show production, insure show cross-compatibility and elevate show
quality. Panelists will also comment on what role IPS could or should play in the formation of standards, and the role of vendors in
this process. The panel will then open to a forum allowing the panelists and the audience to participate in open dialog.

Ed Lantz’s statement
Ed Lantz (Panel Chair) is Product Development Manager at Spitz,
Inc.
It is entirely appropriate for a professional organization to
take the lead in establishing standards. And it’s done all the
time. Organizations such as IEEE (Institute of Electrical and
Electronics Engineers), SMPTE (Society of Motion Picture
and Television Engineers), ISO (International Organization
for Standardization), and others have created standards that
deeply effect our lives in a positive way.
There are numerous technical standards and guidelines
that IPS could publish. The following is a partial list:
• Guidelines for planetarium seating based on spherical distortion from off-axis viewing;
• Fire safety guidelines for planetaria including exit signs
and ﬁre sprinklers;
• Minimum standards for an IPS-qualiﬁed planetarium video
projector;
• Import/Export ﬁle transfer protocol for automation system
show transfer;
• Standards for the digital representation and transfer of
spherical imagery;
• Guidelines for appropriate luminance in planetarium
imagery and how to measure it;

• Guidelines for selecting dome reﬂectivity and predicting
cross-dome scatter;
• Minimum show production and distribution standards for
popular planetarium types.
Many of these are not of great concern to the average planetarian — unless they are involved in renovation or new construction. Then it is crucial. They are of daily concern to
planetarium theater designers and equipment manufacturers, however. Better standards and guidelines will translate
to better planetaria, which will elevate the profession as a
whole.
I believe it is time to revisit the issue of standards in
the planetarium, especially in light of recent developments
in digital media. This issue is about fostering greater professionalism throughout the planetarium community. It is
about making everyone’s job easier, improving our theaters,
and improving the services that we deliver to our ultimate
clients, the visiting public. I also believe that, as we elevate
the quality of our services, the salaries and budgets of planetarians will follow, which beneﬁts the vendors, too. It is a
win-win situation, and the kind of activity that one would
expect from a professional organization such as IPS.
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Philip Groce’s statement
Philip Groce is President of Helping Planetariums Succeed, a company dedicated to innovative technical and program solutions for
both new and established planetariums.
I have been following the standards issue on Dome-l. I’ve
stayed out of the fray, because I proposed a few simple standards years ago. For instance, that all new planetariums
should adopt the motion picture standard for sound. The
IMAX standard for domes (six channel with SMPTE) has
been around for years and it costs no more to comply with

this standard than building any other planetarium sound
system. However, even this standard has gone through a fast
paced evolution in terms of signal storage — digital tape to
CD-ROM to hard drive storage in just four years. As a planetarium consultant/designer, I will tell you that no matter
how you try, it is almost impossible to create a theater that
ﬁts a single standard for any technology. I agree, however,
that we should not discourage IPS or any other organization
from setting some minimum standards.

Paper by Mark C. Petersen
Mark C. Petersen is president and founder of Loch Ness Productions.
Some Thoughts About Standardization
The issue of standardization, or the lack of it, is of particular concern to us at Loch Ness Productions, perhaps more
so than any individual planetarium or supplier. Planetarium
shows are a prime focus of our business. Since 1980, our
shows have been presented in planetarium theaters around
the world, large and small. We’d like nothing better than
to be able to provide a show package to our customers that
didn’t require hours of adaptation, reworking, and programming in order to present.
But, unlike movie theaters, we can’t provide a single,
usable “print” of our product that’s the same for all our customers, because virtually no two planetaria are alike.
They have different slide projector arrays, different audio
conﬁgurations, and different ways of controlling everything.
Some theaters have tilted domes, some are level. Some properly have front-facing seats, others have the horrid “in the
round” concentric seating. Some theaters have video projectors, some don’t. Some have panoramas, but they’re arrayed
in different numbers and conﬁgurations from the next theater. Some have all-sky projector systems, with different
lenses on the projectors from the next theater. Some star
projectors are monochrome; others display colors. Some theaters have their planetarium projectors on elevators, to lower
them so they’re not in the slide projectors’ way casting shad-

ows; others have to “aim around the machine in the center.”
How can we as planetarium show producers possibly provide show package materials with all the inconsistent and
incompatible setups out there? With all the variations of
theaters, nothing is universal beyond the generic slide show
for the “lowest common denominator.” When we start to
include panoramas, all-skies, and video, planetarians whose
theaters don’t have the capability (or a differing layout) are
left to fend for themselves — either incurring additional
expense for customization and adaptation, or simply “making
do and hoping no one will notice.”
While there are many more issues that standardization
can address, in this presentation we’ll concentrate on three
main areas that concern us as show producers:
• Slide projector arrays
• Audio channel assignments
• Theater automation systems
This presentation used an extensive number of computer
graphic pictures and illustrations, which did not lend themselves to optimal print reproduction. However, the author
notes that the full text and pictures are available in the Planetarium Reference Library section of the Loch Ness Productions Web site.
Direct URL:
http://www.lochness.com/pltref/standards/standards.html
Loch Ness Productions: http://www.lochness.com
© 2000, Loch Ness Productions.

Steve Savage’s statement
Steven T. Savage is President and owner of Sky-Skan, Inc.
I have deﬁnite thoughts on many areas which would be quite
beneﬁcial and relatively easy to standardize. I think the
whole community would buy in to some of them, while others
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might have a more difﬁcult time in gaining acceptance. Vendors are becoming “very” protective about the products and
processes they’ve invested in and developed over the years,
however I think there is room for movement there as well.
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Kenneth Wilson’s statement
Ken Wilson is the Director of Astronomy and Electronic Outreach at
the Science Museum of Virginia.
I don’t believe that the IPS is in a position to dictate standards to the profession, even if we could agree on them. The
IPS could however attempt to draft documents listing a consensus of “best practices,” especially for the development of
new and renovation of old planetariums. For example, I think

we can all agree that the planetarium environment needs to
be insulated from extraneous noise and light. Based on my
experience in trying to produce a similar document (the IPS
guide to developing new and renovating existing planetaria)
the task is not an easy one, or one that can be quickly realized.
✹
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The Future of the Planetarium (Panel Discussion)
Chair: James G. Manning1
Panelists: Larry Ciupik2, Lee Ann A. Hennig3, Shoichi Itoh4, and Thomas W. Kraupe5
1

Director, Taylor Planetarium, Museum of the Rockies, 600 W. Kagy Blvd., Bozeman, MT 59717, USA
Phone: +1 (406) 994 6874 Fax: +1 (406) 994 2682 Email: manning@montana.edu
2
Adler Planetarium & Astronomy Museum, 1300 S. Lake Shore Drive, Chicago, IL 60605, USA
Phone: +1 (312) 322-0313 Fax: +1 (312) 322-2257 Email: ciupik@adlernet.org
3
IPS Secretary, Jefferson Planetarium, Thomas Jefferson High School, 6560 Braddock Road, Alexandria, VA 22312, USA
Phone: +1 (703) 750-8380 Fax: +1 (703) 750-5010 Email: lahennig@pen.K12.va.us
4
Japan Planetarium Society, Suginami Science Center, 3-3-13 Shimizu, Suginami-ku, Tokyo 167-0033, Japan
Phone: +81-3-3396-4391 Fax: +81-3-3396-4393 Email: shoitoh@ba2.so-net.ne.jp
5
Art of Sky Edutainment, Rumfordstr. 41, D-80469 München, Germany
Phone: +49 (89) 210-315-31 Fax: +49 (89) 210-315-32 Email: twk@artofsky.com

I’ve heard that Albert Einstein once said “I never think of the future. It comes soon enough.” But few of us can afford the luxury if
we want to be prepared for it. It’s worthwhile, therefore, to ask the question: where do we go from here — from where we are right
now? There are probably as many answers as there are planetariums, for we work in an extremely diverse profession. Illustrating this
diversity is an international panel of our colleagues who will lead the discussion from a variety of viewpoints ranging from technology
and programming philosophy to education and economics. Join the discussion, and add your voice to theirs.

Transcription prepared by James G. Manning
Note:
This transcript was edited for length and clarity. Any misspelled names or misinterpreted positions are the responsibility of the preparer, for which he apologizes.

Introduction and opening statements
The goal of this panel discussion was to encourage discussion and reﬂection on the future directions of the planetarium. Chair Jim Manning introduced the panelists and the
discussion topic, and each panelist made an opening statement.
Larry Ciupik said that planetariums are here to stay, and
so is the night sky. But if so, we need to continue doing some
of the things we’re presently doing well, and adapt and use
the new technologies if they’re effective for our particular
theaters. He added that technology was only a tool, citing
his facility’s experience in opening a new StarRider theater
in addition to the old Zeiss theater; some people still liked
and attended the old theater. He said we need to be careful
about how we use the new technologies; they’re expensive,
and he doesn’t envision huge increases in planetarium budgets. Therefore, collaborations will be necessary to share
costs, or facilities will produce programs much as they have
been doing except when new facilities open and have additional funds. He foresaw two sorts of collaborations: groups
producing libraries of ﬁlm clips for common use in shows,
and a consortium of model-producers for group-interactivity
uses, to distinguish themselves from large-format ﬁlm theaters.
Thomas Kraupe felt the situation was changing for the
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planetarium. He felt this conference was a good example of a
new beginning, not just in terms of technology, but in terms
of content and the ability of technology to help us focus on
our mission. The planetarium is a theater, and he felt that
what was important was not so much the facts as the stories
we tell. Citing other sorts of theatrical presentations and an
increasing reemphasis on live presentations in our own facilities as an example, he said that the future is bright if we
turn our planetariums into theatrical places where we use
our creative potential. He said that our work involves the art
of storytelling and we need to employ a wide variety of talents to teach future generations of planetarians to use technologies with this wider purpose in mind, and not to just
use technologies. Live and theatrical elements used well and
interacting with the technology and the audience can help
to keep our future bright.
Lee Ann Hennig comes from a school district which built
nine planetariums in the 1960’s; they’ve seen good times
and bad times regarding budgets, and she felt budget was
the biggest issue for many high school and college planetariums. In her district, survival has depended on their ability
to be adaptable, to cultivate allies, to become more visible in
terms of what they do and why; and in terms of why the planetarium experience should be an integral part of the school
experience, and why it’s a valuable and accountable experience.
Shoichi Itoh said that people have always sought to solve
the mysteries of the universe, and planetariums have to
meet increasing demands by people to understand it and
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to answer new questions; he thought that the role of planetariums would therefore be increasing in the future. But
he could not always ﬁnd a positive view of planetariums in
Japan. Attendance was decreasing because of the decrease
in the number of school children, the reduction of science
lessons in school curricula, and Japan’s current difﬁcult economic situation. As a result, he said most planetariums have
had to cut their budgets for making programs and buying
equipment, and he feared that some planetariums might
close their doors in the near future. How to survive is one of
the biggest problems among planetariums.
Open discussion
After the opening statements, the discussion was broadened
to include the audience.
Jim Sweitzer asked the panelists for their perspectives on
how the internet was being used by planetariums in relation
to on-site visits. Hennig responded that the internet helped
a lot; her district does pre-visits and follow-ups and teacher
inservice, and the internet has helped immeasurably with
this. Her district has a website with links to all nine planetariums. She also felt there were political advantages; they’ve
been able to put their assessment instruments and results
on the web site for teachers and school board members, and
these things can help to demonstrate accountability, popularity, and usefulness of programs at times of budget cuts.
The district’s planetariums also use internet images in both
the planetarium and in the classroom during pre-visits.
Todd Slisher noted that there seemed to be a relationship
in panelist perspectives between how one’s planetarium was
doing and how one’s national economy was doing. He asked
the panelists how much they thought we were dependent
on our national economies for success, and how we could
“de-link” our success from our national economies. Ciupik
said that was hard to answer. In Chicago, they depend on a
multiple base of city property taxes, admission income, and
grants. He felt grants were affected by the economic situation and corporate health. He also said they were affected
by city residents demanding a reduced admission as a result
of their tax support and that despite the good economic situation, this was having an effect. He agreed that with the
healthy economy in the U.S., there were more people traveling and they were seeing a “spike” in attendance as a result,
with their “campus” of three local museums experiencing a
30% increase in attendance. Decoupling the effect of the
economy from planetarium success was difﬁcult, and might
depend on who was in the White House and what their polciies were.
Kraupe indicated that planetariums were on the increase
in Europe and were also linked to the economy, but that
more facilities were looking to public-private partnerships.
He wondered how that would go in the long term, but that
it may secure the stability of institutions in the way that
Chicago’s three-museum campus (the Adler, the Chicago
Field Museum, and the Shedd Aquarium) has by creating
a museum community. But if you have just one source of

money, it’s more difﬁcult to maintain such stability.
Christine Shupla posed a new question. She noted that
right now, small school planetariums and portables ﬁll a
deﬁnite need and had people coming who wanted to see
the stars, and the larger facilities with all-dome video had
people coming and watching spectacular shows. But what
is going to happen to mid-sized planetariums and will they
continue to exist in the future? She asked for opinions.
(She deﬁned mid-sized as greater than 40 seats and fewer
than 150; others suggested a dome size between 12 and 17
meters.)
Jim Manning offered that he worried about the “ones in
the middle.” He felt that technological advances were outstripping many facilities’ ability to afford them and that this
stretched the spectrum of technological capability among
facilities, with some facilities surging forward and some left
behind. He suggested that the profession may diverge into
two groups: large, immersive, perhaps more entertainmentoriented facilities, and small, more traditional facilities concentrating on curricula and education theory and using the
planetarium as a teaching tool—and he wasn’t sure there
was a middle ground. If so, he thought it would be held by
some kind of “hybrid” facility, and he thought the hybrids
were probably going to struggle.
Ciupik said “you should do what you do best.” He felt we
were showing that there would be differences from institution to institution, and the strength of any particular facility will relate, as it always has, to who’s there, what the local
market wants, and so on. He cautioned that “if it ain’t broke,
don’t ﬁx it.”
Kraupe said it was hard to give an overall answer; it
depended on the local situation. But he wondered if the
name “planetarium” would still be valid in the future because
of technological developments; if many use immersive technologies or others, the name may not be completely accurate any more. “Theming” is a technique the entertainment
industry uses to provide focus; he suggested that if one can
focus on a theme around which to build the planetarium,
and if you can communicate that theme, no matter what
size planetarium you have, then you can survive, he hoped.
The theme will depend on the community you’re serving. He
agreed that hybrids are probably at a difﬁcult time.
Ed Lantz said that immersive video technologies extended
capability and that it was a nice capability to have given
that the planetarium was an immersive environment. But he
felt we were at the phase of “bleeding edge technology” in
which the systems were very expensive and difﬁcult to afford.
As libraries of content are developed and the technologies
advance, however, he thought we’d see, before too long, portable systems at all levels including very small classroom systems where you “pop a video projector at the center of the
room” and get immersiveness. He felt it was only a matter of
time.
John Mosley assumed that every institution has one thing
in common, and that is that every institution was founded
for a speciﬁc purpose—which will vary greatly from one
institution to another. He said that if you understand your
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purpose (to serve school groups, etc.) and try to accomplish
it using the best tools, then you’ll succeed. And to do that,
you’ll probably want to look beyond standard multimedia
planetarium models. He said they often get educators with
planetariums in California who come to Grifﬁth to learn how
to run it, and he tells them that his facility is not what they
should emulate because it’s not appropriate to their situation. He thought Terri Gipson’s description of what they
were planning in St. Louis (see Terri’s paper transcript) was
an indication of the broad ways in which we can satisfy those
initial purposes our facilities had when they were created.
We shouldn’t just look at an existing models or paradigms,
but focus rather on how we can best serve that initial purpose.
Bob Bonadurer offered that one of the challenges of meeting the traditional planetarium focus of teaching the night
sky is that in major metropolitan areas such as his own in
Minneapolis, people can’t see the night sky. He said that
even though you’re showing it to them, they’re still not looking up after they leave the theater; you ﬁnd the star maps
you’ve distributed to them on the ﬂoor—they’re not using
them. He thought that planetariums still needed to be a
leader in doing live sky presentations, but things are different compared to the 20’s and 30’s when planetariums were
established with this focus—people could still see the sky
back then, and now they can’t apply what they learn because
they can’t see it any more. His planetarium’s campaign is:
“How can kids wish upon a star when they can’t even see
one?” and this resonates with many of their visitors. He said
that planetariums probably need to use technology because
there’s a demand for that, but that we needed to protect our
mission standard which is to show the sky.
Terri Gipson said that the success of any venture is having
customers—having an audience. If you know who that audience is, or who you’re trying to reach, that’s where you make
your connections in determining your direction. That’s one
of the reasons St. Louis was developing its new planetarium
design: they listened to what people were saying. They’re
located in an urban setting, and although the night sky is
endangered, it’s precious to people, “and they let us know
that every day.” They bring their questions, and appreciate
the fact that they can get answers. She said that science centers are also facing the challenge of needing to assist schools
in improving science/astronomy teaching and helping them
to meet new state curriculum standards. So in St. Louis,
they’re setting themselves up to help educators do their job,
and have an audience that’s beginning to come to them to
help solve a problem they have in meeting curriculum standards.
Hennig added that a lot of U.S. school systems have such
learning standards now, and that a strength of school planetariums can be to “step into that void” and align some of
their programs with those speciﬁc standards of learning. In
her case several years ago, in a recent budget crunch (and
she said such crunches are highly political and highly localized, depending on where you get your funding), Hennig’s
school district had a science curriculum specialist who pro-
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posed closing the nine planetariums and instead putting
computers in classrooms which had desktop planetarium
programs. Hennig said it took some education to convince
the school board that a desktop program was a little different than an experience in a domed environment. She
summarized that aligning your programs to standards of
learning, creating cross-curriculum opportunities, helping
teachers and making it a good experience is one of the strongest things planetariums can do to support their own survivability.
Kraupe followed up on the notion that the planetarium
was built to represent the night sky; he said it was true and it
was not true, because it was built for more. He said the idea
of the originators was to create two theaters, one the Ptolemaic planetarium, the other the Copernican planetarium—
the point being that this creation should show our model
of the universe. He said that was the original mission of the
planetarium: to immerse and teach people models of our
understanding of the universe. And that was in the 1920’s
when there was no astrophysics. Since then, he said, our
models have evolved. He favored the idea that planetariums
show the correct representation of the night sky, but he
thought it was equally relevant if not more so to teach people
what the stars really mean for us—that we are physically
related to the stars. He thought being able to name constellations was perhaps overdone in planetariums, in his opinion, because teaching constellations teaches old concepts of
the sky: if we aren’t careful, people can get the wrong perception of the cosmos. He thought the role of the planetarium really should be to give people an understanding of the
universe; if the universe is 3D, we should be able to show
the Earth and ourselves from different perspectives within
it. And he thought we did this well.
Ciupik added that his facility’s mission from Max Adler
who provided the funding for the Adler Planetarium was
“to show people the beauty and majesty of the heavens.” It
wasn’t just about the night sky; the night was part of that,
but when you show pictures from Hubble or other observatories—that’s the beauty and majesty of the heavens that
you don’t see just by looking at the sky. Their mission is a lot
more than that, he said.
In a second point, Ciupik mentioned that some museums
in the U.S. have been fortunate enough to help design their
state’s standards. Adler helped design Illinois astronomy
standards, for example. But it’s a double-edged sword; if you
help develop it, then you have to help educate teachers in
the state and elsewhere. Still, it’s a way to keep rejuvenating
what you’re doing, he hoped—to keep looking at teachers,
seeing their state of knowledge, training them, and “hope it
will ﬁlter down.”
Martin Ratcliffe said that he couldn’t agree more with
Kraupe’s sentiments. He thought that no one in the room
would limit themselves only to talking about the constellations or would want to avoid talking about the astronomy
of the last century. But to look at things another way, and
using geography as an analogy for astronomy, he said that
only talking about constellations would be, in the geography
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of the world or a country, rather like not talking about volcanoes or forests or rivers or the atmosphere. Going back to a
point others had made during the conference, he asked who
we’re talking to—ourselves? No—our audience; we must
listen to our audience. What is their perception of planetariums and astronomy? He said that people will often say,
“You’re in astronomy—like ‘Stardate.’” but we know there’s
much more depth to astronomy than that. Our effort should
be to show the depth that is currently available. We should of
course engage people in the night sky and have them appreciate the beauty of the night sky and realize what they’re
looking at. They need a road map, but they also need to get
the content and detail that’s available.
Jose Olivarez mentioned that next month his new facility,
the Chabot Space and Science Center, opens as the second
largest planetarium in the state of California. They’ve put a
lot of money into the project, and if they don’t have a future,
they’re doing the wrong thing! He said they thought they
had a new idea about how to proceed, survive, and become
an icon of the community. If your doors are going to be
closed, you’re not an icon. They don’t close down the symphony or the art museum; why are they icons and you’re
not? Because you’re not reaching your audience, he said.
You’re not touching them, you’re not taking them on journeys into space to discover themselves or better things about
themselves, which is what you should be doing. Show constellations and stars, but what is the meaning of that for
ourselves? The stars are reﬂections of ourselves, he said—
“We are the mind of the universe and the universe is in our
minds. Share that with your audiences, and they will love
you forever—and support you forever. This is what they
want to know.” He said that if we connect our audiences
to the heavens, they will come back for more connections.
At Chabot, they take the audience into the sky to discover
what’s up there, and they discover more about themselves—
that’s their vision for the facility’s programming.
Olivarez said they’re also connecting the planetarium with
all of the sciences; sciences come from space—it’s the way
the universe operates. So they plan to teach science from the
perspective of astronomy, making the planetarium the most
important thing at the center. He thought that this was new,
and should be so at other science centers as well.
Mosley said the reason for dwelling on the night sky rather
than bypassing it is that even when his facility has all-dome
technologies, they believe the night sky will be the best
special effect. But the main reason is that it is one of his
facility’s stated goals in every planetarium show to make
the sky seem more accessible, more friendly, more knowable,
more approachable. They never do constellation identiﬁcation sections per se, but rather sky discussions where, in
addition to constellations, they discuss what’s current in the
sky. They also use constellation identiﬁcation as a way to
segue into something important in a particular show—using
the sky to build some concept and work into the theme of the
show.
Teresa Grafton suggested we think about our reaction to
astronaut Julie Payette’s luncheon presentation as she told

us about what it was like to actually “be there.” Most people
will never get a chance to go up into space, will never see
the Earth from outside our normal experience, would never
have any experience with the three-dimensional universe.
She thought that, above all, was what the planetarium can
do, which is why it’s the ultimate immersive experience. The
constellations are important, they are a road map, but we
can go beyond that, and give people a feeling of what being
in the universe is really like.
Sweitzer said he found the discussion interesting because
at the Rose Center, the number one goal of their opening
program was to show people where they are in the universe,
and the new technologies are, in a way, allowing people to
actually go to places and experience them. He felt that there
was a deﬁnite entertainment side to what we do, and some
of what we do is involved with a concept called the “technological sublime.” He thought people come to planetariums
because they know there’s a device and a special experience
there; this is why people love the old projectors, and we have
to keep these things in mind. He also felt that we were in the
time of new media, and there are things we can’t even envision yet that will come to pass. When you consider the predictions surrounding technologies like the telephone and
the radio, he said, the predictions were way off. “So don’t
believe anything you hear today.” He felt there were really
big opportunities in how we can help people imagine the
universe, that it was a promising time, that technology will
become easier and cheaper to put into smaller theaters.
Sweitzer wondered, having seen lots of people from theme
parks and Las Vegas, what people thought about the line
between education and entertainment and if perspectives
were different between these people and planetarians. Ciupik
mentioned that Adler’s ﬁrst StarRider show was designed by
people from Universal, and it wasn’t used because their perspective was different; it was a perspective of “all entertainment.”
Alan Gould offered that the planetarium environment is
different from most educational experience; that the physical arrangement of the seats, for example, in circular or
semi-circular patterns, is more conducive to relaying and
forming a sense of community among a group. He felt this
was something the planetarium “had going for it” just by
its shape. And having the sky overhead, creating a kind of
visual, spiritual sense that was almost church-like, offered a
certain appeal.
Olivarez added that a corollary to making the planetarium
an icon to your audiences is that “you must have a beautiful,
perfect sky”—it’s a spiritual experience for people.
Ryan Wyatt added that he’s been to New York and seen the
“fabulous” Zeiss IX sky there (at the Rose Center), and the
sky was gorgeous, and the laser simulations demonstrated in
the Montreal Planetarium dome were fantastic. “But they’re
not the night sky.” He said that anything we create is a
caricature, a copy. We encourage people to go out and
experience the sky because “that’s the human connection.”
And you can tell people about astronomy and the universe
because that’s another human connection. But star projec-
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tors are only caricatures, whether they have 6,000 or six million stars. They’re just to introduce people, to try to give
them an inkling of where they stand in the universe.
Gipson said she’d heard that Disney was working on a
museum or science center-type installation that will actually challenge museums, science centers, and planetariums;
“That is the thing that may be more of a threat.” And that
some communities may be facing this pretty early.
John Dickenson observed that, in terms of the icon discussion, it seemed to him that planetariums were beginning to
look “awfully like movie theaters” with unidirectional seats
and sloped ﬂoors. He said that someone had said something
relevant to this discussion a few days ago—that the old-style
planetarium really is an iconic instrument—that it really
separates the planetarium from movie theaters. He wondered
if others had any opinions on what losing that uniqueness
might mean, given that we’re tending today to create theaters that look a little more like IMAX and OmniMax theaters than the old-style traditional planetarium.
Ratcliffe responded that he’d had the good fortune to work
in a wide variety of planetarium facilities from Starlab to
Digistar. And in every theater he’d been in and every audience he’d spoken to, we (the community) have captured “the
spirit of what it is to be human and what it is to look at the
night sky.” Everybody in the community we serve comes to
our theaters with very different perspectives, he said, and he
thought the planetarium community is richer because of the
diversity that exists. We’re serving many different audiences;
the key, he said, was “understanding the audience that surrounds you.” He said in Wichita, they have a relatively small
market, and are trying to attract many different areas of
interest into one theater (Digistar plus StarRider). He added
that 50 miles away, there was another facility with a Spitz
projector that showed a beautiful sky “that doesn’t enable
other areas of interest.” So is his facility right or wrong? Neither—it’s just different.
Olivarez described his facility in relation to the planetarium environment question, with directional seating and
17-degree tilt, and said it had the “aspect of a meadow,” and
that people were very comfortable in this environment.
Lantz said there were reasons why theaters are migrating
to “this particular design.” He’d always seen planetariums
as a “high-bandwidth interface to the brain,” and that one
of his mentors, Mike Hutton, said that “when the lights go
down, the theater should disappear.” The idea is that the
dome should occupy the largest possible area of your retina
without obstruction, he said, and having a starball blocking
your ﬁeld of view on the dome defeats part of this purpose
of delivering content to the retina. So tilting the dome even
slightly allows the dome to be brought into your ﬁeld of
view more comfortably, without having to look up so high.
And unidirectional seating is more effective in directing the
audience to “central content.”
Elmer Bataitis said that one of the things to think about
is what makes us different from anyone else in our community. It’s that we are the science contact for people, the contact with scientists, the ones who interpret all science for
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all people who don’t have geologists and microbiologists in
their back yards. “That’s what makes us different—not our
theaters.”
Ciupik, returning to the question of the state of mid-sized
planetariums, mentioned that the Adler had its observatory
connected via video to their theater, and “pipe in” imagery
several nights a week in the summer. He thought this technology could spread easily to medium-sized planetariums.
Even in the daytime, you could connect with other facilities
around the world and show things from a place currently in
darkness. It’s not expensive, and would focus more on real
astronomy and using instruments to deal with the night sky.
Kraupe said that many planetariums were embedded in
other institutions—science centers or other cultural or
entertainment venues, and this was something that needed
some attention. He said that our relationship with the
museum community and the decision-makers in that arena
“is critical for the future of the planetarium.” Also, that the
new technologies may also mean that the “privilege of the
astronomer is gone as the only scientist who has his own theater.” Now a biologist, for example, can create an all-dome
show that can take people inside the human body. He wondered if some of our feelings are based on the fact that most
of us have an astronomy background. He didn’t question the
need for having a wonderful night sky—and he loves it—but
he wondered if we felt threatened that other scientists want
their own theater.
Scott Huggins raised a word he hadn’t heard yet: marketing. While different facilities may have different relationships with marketing people, he thought it was important to
ask a “really good question” when talking about trying to get
any product, including astronomy in a planetarium, out to
the world. And that question is “not why do people come to
the planetarium, but why do they come to the planetarium
now?” He said he doesn’t go to see a “movie,” he goes to see
“The Perfect Storm” or “Chicken Run” or whatever speciﬁcally is out there; he doesn’t go to a store to buy music,
but to buy a new CD that came out. He said it’s important
to keep in mind what we’re competing against: experiences
in this world which are becoming much more intense every
single day. He mentioned Dreamworks’ creation of a new
video arcade called “Gameworks.” He said that it’s important
to remember that as good as the general conversations are
about where we’re going in the planetarium world, lots of
people went to see the “new Hayden” not necessarily because
they were interested in the night sky, or the SGI system
that allows you to go through the universe in real time,
but because they heard that this is the new thing—the hottest, newest, greatest experience that they could get. And
that does compete with Gameworks and the internet and
virtual reality and other experiences. He recommended a
book called “The 22 Immutable Laws of Marketing” which he
found illuminating in keeping people focused on “what are
you telling people now”—not in general, not in broad terms,
but how are you getting them to come to your planetariums
today.
Shupla of the large Dorrance Planetarium at the Arizona
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Science Center returned to her concerns about mediumsized planetariums. Relating her experiences in a smaller
dome, she mentioned that Martin Ratcliffe had said that we
need to ﬁnd out what our audiences want, and that another
person mentioned earlier in the conference about doing a
survey and ﬁnding out that his audience wanted live presenters. She asked if constellation shows, for example, were really
so popular—did people like constellations shows because
they love constellations—or was it because “we always do
them live?” She thought the solution for mid-sized planetariums was to abandon slide shows and to “go live,” at least until
they can get technologies like all-dome video to create new
excitement about their facilities. Such facilities may have to
“bite the bullet” and train people to give live shows.
Karen Klamczynski said that maybe our domed theaters
are not only for astronomy in the future. She added that the
mission of her theater is to focus on science education rather
than astronomy education, so perhaps the biologist Thomas
Kraupe spoke of could come to her theater.
Jon Elvert said he felt that a 12-meter (40-foot) dome is
perhaps the best dome to work in. He can feel very intimate
with the audience and involve the audience one-to-one in
programs, but he can also put some very big-time presentations in the dome using big-time technology, and can
bring in the biologist. When done properly, and by knowing
your audience, medium-sized planetariums could survive, he
thought.
Wyatt thought that differentiating yourself in a market
was very important. He said that every show his LodeStar
facility does in its SkyVision theater includes a live component, that they do live programs, and their programs blend
live and high-tech elements. He said the technology was an
“enabling” technology, not one that needed to create education versus entertainment questions which was a “false
dichotomy.” “Capitalize on the strengths you have.” He said
the idea behind both LodeStar and Chabot was that astronomy was a phenomenal subject with a very human connection to the night sky and spectacular connections to
other disciplines, and those connections can be made quite
easily.
Mickey Schmidt, commenting on the remarks about what
we do if other scientists want to use the planetarium, said
that his facility at the Air Force Academy had already faced
that question. The only reason the Academy had a planetarium in the ﬁrst place was to teach celestial navigation. That
subject was abandoned years ago, and so the people he relies
on now to serve are audiences in astronautics, engineering,
military arts and science, world history, and so on, all of
which use the planetarium.
Dickenson said that given the growth of diversity and the
increasing versatility of our theaters, with the ability to do
other things than astronomy; and as we even see the renaming of planetariums to such things as “discovery domes”
and “cyberdomes,” he wondered if we were facing in the
future, a continuing broadening of the mandate and scope
of the planetarium society. He thought there will be a large
number of “conventional” planetariums (identiﬁed as those

presenting solely astronomy), but he also saw trends among
larger facilities to perhaps drop the name “planetarium” and
increase the breadth of their programming to include nontraditional planetarium subjects. He thought it was an interesting challenge for the International Planetarium Society to
address and accommodate these changes, and a challenge in
terms of “bringing us all together” given that we’re not any
longer just a bunch of astronomy enthusiasts, but are interested in a variety of subject areas.
Concluding remarks
Concluding remarks were offered by each of the panelists.
Larry Ciupik said he just wanted us all to continue to be
icons. He said he’s known many of us for more than 20 years,
and why are we still in this community of professionals?
Because we’re doing things we love. If we continue to share
that love, that will be the way we continue to survive.
Thomas Kraupe said “think big.” If you can excite people,
you can raise more money, and can reinvent your planetarium, and as people have said, the sky’s no longer the limit.
He encouraged people to “be aware of the human connection.” That’s why he’s also strongly in favor of the theatrical
moment. The planetarium is a theater—not a movie theater,
but about real persons, a group immersive social environment with interaction between people, and we need to reinvent that environment in the best ways that we can.
Lee Ann Hennig said that for small planetariums, it’s knowing your niche, doing the best you can do with that potential, and also passing your audience on to other community
planetariums, encouraging them to seek other venues. Point
them in the direction where they can see many different avenues, but the main thing is for you do ﬁnd what you do best
and work up to that potential.
Shoichi Itoh said that the most important thing for planetariums to do is to help people know our environment in
the huge universe. So we need to introduce more ﬁelds of
science, art, literature, and so on—not only astronomy. It is
also the way to survive, particularly in Japan.
Jim Manning closed the discussion by remarking that
despite our diversity, and perhaps because of it, the group
had a good discussion and we could all take away things
to think about. One thing that struck him was that there
had been a common theme in the discussion: that perhaps
the key to our future is to connect with people and to help
them connect to the universe—in all of its wonder, in all of
the ways that we can. He recalled something that storyteller
Lynn Moroney had told him long ago in her best Oklahoma
drawl: “Ain’t nobody don’t like a story, and ain’t nobody
don’t like the stars.” He concluded “If we can continue to tell
people a good story, and continue to show them the stars,
then I think there is a future for small, medium, and big
planetariums on this planet.” He thanked the group for their
participation, and the group adjourned.
✹

IPS 2000 Conference Proceedings ✹ 211

Miscellaneous

Miscellaneous

The Dance of the Co-Creative Universe
Ervin Bartha
NADA, 85 Lenore Street, Winnipeg, Manitoba R3G 2C2, Canada
Phone/Fax: +1 (204) 783-7707 Email: nada@simurgh.net

Dedicated To
The Late Dr. David Bohm
And
The Late Rosalind Franklin
In the twenty-ﬁrst century, humanity will begin the process
of colonizing other worlds in our solar system. It has been
a long and precarious voyage for our species, and the ﬁnal
outcome for both the colonization effort and the continuation of human life on Earth is far from assured. It is of vital
importance at this point in time to be aware of the factors
that have brought us all into the present uncertainty.
The ﬁve thousand year cycle-of-civilizations that has contributed to the state of the world we now operate from has
been a dynamic and extremely rapid event in the two million year history of those we now call our ancestors. This
accelerated jump in the evolutionary possibilities open to
the human race is almost miraculous. In effect, we are all the
recipients of a ﬁve thousand year push to gain dominance
over all other life-forms. We have even gone so far as to be
able to noticeably affect and alter some of the Earth’s large
scale processes such as climate, and chemical content of the
atmospheric and hydrospheric systems.
The organizational aptitude to bring about such change
has apparently given humans the ability to control their
environments and to subjugate all species to their interventionistic aims and intentions. They no longer seem to be
ruled by the “ordinary” rate of evolution that other species
are. To a great extent, the rest of life appears to be passive to
larger scale inﬂuences such as geography and environment,
while it appears that human beings have followed a track
that is aggressively counter to being inﬂuenced by these
same factors. As a result, our species now creates its own
environments and geographies artiﬁcially, regardless of how
we may have found these elements originally. We don’t adapt
to nature’s needs, we adapt nature to our needs. We feed off
and exploit every other system on the planet.
Unfortunately, modern humanity’s social and cultural
arrangements have increasingly produced situations of disconnection and estrangement from the rest of nature for
most of its members. Generally, this has resulted in a consciousness of reality that perceives and generates both external and internal fragmentation and isolation. So, on the one
hand, we have a species that has completely overrun the
planet, exploiting and dominating everything in its path,
while on the other hand, due to this aggression, it has rapidly depleted every known resource necessary for the carry-

ing on of its own and other life-forms’ essential functions.
The rapid growth in human inﬂuence has had a very real
price and consequence to it. Our knowledge has brought
us momentary mastery, but the momentum of our lack of
wisdom now threatens to throw everything we’ve seemingly
gained over the edge of a very catastrophic precipice.
With the advent and advance of science and the spinoff
industrial technologies, we have managed to disrupt every
ecosystem and every living organism including our own.
We destroy what we cannot recreate. Tens of thousands of
species have reached extinction due to the unconscious
effects of our inﬂuence and uncontrolled overpopulation. We
have polluted the environment, destroyed its natural beauty,
developed and used horrifying weapons of mass destruction,
created untold suffering for our own species through such
activities as wars and inequitable social systems that have
impoverished, starved and enslaved the masses; and yet so
many still look blindly to the general principles and attitudes of the past for an answer to the present dilemma —
even though it is these very principles and attitudes that
have helped generate the crisis. Is this out-of-balance-and-outof-control-egoism what we hope to export to other planets and other
star systems?…
There may be an alternative. A rapidly growing number
of thinking and feeling humans now recognize the complete inappropriateness of carrying on with the same attitudes that have produced these dire results, especially the
impulse of exploitative greed for short term “proﬁts,” which
are always at the expense of long term sustainability of an
enriching and consciously evolutionary quality of life. The
paradigms that suggest everything on this planet (or any
others) is for the use and beneﬁt of human whim alone must
be abandoned, along with the view that the universe is only a
mechanistic entity. The momentary beneﬁts that such sets of
assumptions seem to have secured for us are illusory; instead
they have essentially put us into the most grave danger. The
social institutions built on these assumptions are all under
immense strain, and under the threat of collapsing. The
results of such a collapse will lead to an age of barbarism
that has seen no precedent. It is therefore urgently incumbent that we as a global species proceed in a much more conscious manner than ever before in history. We need to think,
feel, act and respond in a way that is not only going to sustain the immediately following generations, but in a way that
will assure the vibrant fulﬁlment of life for at least the same
amount of time that we have had a recorded history. What is
being proposed here is a consciously harmonious sustainability
that will assure all species, including our own, the possibil-
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ity of living at least to the year 7000 A.C.E.
It is at this critical point in our evolution that such deep
and subtle steps need to be taken. In order to do this we
need to adopt a new view of what evolution is. To some of today’s
thinkers on the forefront of modern thought, the mechanistic views of random, accidental evolution no longer seem
adequate to address and reconcile the situation that the
entire human species now ﬁnds itself in. Neither the passively fatalistic nor the aggressively selﬁsh models of evolution can give a clear picture of how to proceed. A much more
holistic attitude and approach to life and the universe are
necessary. It is an approach which combines and blends the
deepest, cutting-edge implications of both quantum-andastro-physics into a totally new negentropic cosmological
paradigm of living life. It also addresses consciousness in a
radically different manner than ever before. Consciousness is
no longer a subset of the space-time-energy-matter manifold, but is
instead the very ground from which all phenomena arise and dissolve back into, including space-time-energy-matter. In this model,
humanity is not an anomaly isolated from nature, but is a co-creative component of universal nature and consciousness. Its function is not predatory and monopolistic, but cooperative and
creative. What is being implied here is that even though
there may be a mechanistic component to evolution, the real
trigger to development in an evolutionary sense is related
to an expansion in consciousness. Evolution is conscious evolution.
This new paradigm is still only in its childhood. In order
to authentically generate a liveable pattern of life from
this paradigm, the greatest, most balanced and integrated
minds, hearts, bodies and beings on the planet have to come
together for the beneﬁt of everyone. And everyone has to be
willing to listen, contribute to and implement what is arrived
at, as consciously and creatively as possible. None of this will
have any meaning if humans carry on in the habitually selfdestructive ways they have over the last ﬁve thousand years.
Rather than always selﬁshly taking more than we give back,
it should be clearly understood that we have the ability and the
obligation as a group and as individuals to give back more than we
receive from the universe. A human being has the potentiality
of transcending being human. It is an enormous gift that has
been given each of us, one through which we may create and
contribute something of lasting value that has never before
existed. Because the consciousness that sustains every order
of reality — great and small — also sustains us, we all have
the potential to make a contribution not just to our local
community, not just to our planet, not just to our galaxy or
the local supercluster, but to the universe of universes, the
multiverse that our own universe is only a part of. If every
human being realized this profound universal connection
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and was given the opportunity to fulﬁll such a potential, it
is almost unimaginable as to what beneﬁts would ensue from
such a glorious unfolding.
So, when we ﬁnally send those members of our species to
found and establish human life on other worlds, it is proposed that whoever is part of that group should have this
one genuine intention: That we all give back to the universe
more than we receive. It should also be irrevocably recognized
that competition, intrigue and conﬂict will only speed the
demise of the whole venture, here on Earth and wherever
else we may go. It is also recommended that equal numbers
of males and females, of varying age categories, from every
possible sector of life be included in the initial group. Not
only members from the scientiﬁc and technological communities, but also artists, dancers, musicians, poets, comedians,
philosophers, athletes, farmers, cooks, housewives, tradespeople, inventors, mystics, meditation masters, and as many
saints as possible should be included in the roster. The more
of these talents that can be combined and integrated in a
single human being, the better. Integration and balance within
each individual and within the group as a whole are the most important keys to the continuing success of any such adventure into the
unknown!
Almost everyone recognizes that there is more to life than
mere survival. The more attuned we are to the universe
within, without and beyond us, the richer and deeper our
collective and individual lives become. The more we can
open up to the universe, the more the universe within ourselves is revealed. No longer do we need to think and feel
that we are some accidentally lost orphans in a vast, uncaring cosmos, but instead we can recognize that we who make
up the universe, are all dynamic, wildly creative dancers in
a dance that has no limits, no boundaries, no beginning,
no end. It is engagement with this consciously co-creative
dance that will surely unfold the next phase in the evolutionary destiny of human beings and all other life on this
planet.
✹
Copyright © NADA 1998, 2000

Questionnaire
1. What skills, talents, backgrounds and insights would be
necessary for the colonizers of other worlds in our Solar
System?
2. What percentage of each gender should there be, and
why?
3. What age ranges should be included in the roster of extraterrestrial colonizers?
4. What size of colony would be able to successfully sustain
itself?
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Sri Lankan Skies & Sir Arthur
T. C. Samaranayaka
Director, Sri Lanka Planetarium, Stanley Wijesundera Mawatha, Colombo 07 Sri Lanka
Email: planetsam2001@yahoo.com; planetsam2000_1999@yahoo.co.uk

Announcing an International Planetarium and Astronomy Conference, “Sri Lankan Skies & Sir Arthur — 2001: A Space Odyssey”,
to be held in Sri Lanka from March 19–24, 2001.
We are pleased to inform you that the Sri Lanka Planetarium
is hosting an International Planetarium and Astronomy Conference from March 19-24, 2001 on the theme of “Teaching
the Universe in the 21st Century” with the assistance of the
Ministry of Science and Technology and the International
Planetarium Society.
The Conference will feature a keynote address by Sir
Arthur C. Clarke CBE, the acclaimed space prophet, writer,
visionary and the author of the celebrated book 2001: A
Space Odyssey. Sir Arthur bestowed a singular honour on Sri
Lanka by becoming one of its distinguished citizens.
The Conference has multiple objectives aimed at the international and local participants. The most important objectives are the following:
• Evaluate the accomplishments made thus far and formulate and innovate modern methods and approaches to
astronomy education, especially for the developing countries, and identify ways to work together to implement
them.
• Provide an opportunity for the members of the International Planetarium Society and other astronomy educators
who will be participants at the Conference to understand
the conditions and level of astronomical education in
developing countries.
• Create an environment for the astronomy educators from
the world over to work in tandem with teachers and students of Sri Lanka, which is classiﬁed as a developing
country, and to explore what practical ways and means
are available to promote the objectives of furthering astronomical education in developing countries.
• Although astronomy is a subject widely spoken of in the
developed world, the general population of Sri Lanka has
very limited knowledge of astronomy. The conference and
connected publicity will help in creating an interest in
astronomy in Sri Lanka.

• The Conference event will provide a grand opportunity
to learn and also reciprocate knowledge amongst fellow
astronomy educators from different countries.
The conference will open with two days in Colombo. These
days will include the keynote address, paper sessions and
panel discussions, and planetarium shows and lessons. The
conference will then move to the scenic interior of Sri Lanka.
We will go to local schools, visit historic and cultural sites,
observe the night sky near the equator, enjoy breathtaking
scenery, and have plenty of time to continue informal discussions of the conference theme as we travel together.
The inclusive registration fee of US$540 for Package 1,
and US$450 for Package 2, covers all expenses in Sri Lanka,
including accommodation, meals, travel, and conference
costs.
In addition, Sri Lankan Airlines has agreed to offer a 10%
rebate on the individual Economy Class Market Practice Fare
for overseas delegates traveling from all Sri Lankan Air Lines
on-line points except South India.
A large number of planetarians and other professionals
interested in the ﬁeld of astronomy are expected to attend
the conference.
I write this letter to invite you to participate at this unique
conference to gain maximum exposure and to share your
experience amongst the fellow astronomers.
For further information, you could visit our conference
web site:
www.slnews.net/slplanet or www.slplanet.lgo.lk
Should you have any further clariﬁcations, please do not
hesitate to contact me at the following email addresses:
planetsam2001@yahoo.com or
planetsam2000_1999@yahoo.co.uk
Sir Arthur & I look forward to welcome you in Sri Lanka! ✹
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University of Toronto
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Canada
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20121 Milano,
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P.O. Box 1159
Groton, MA 01450
U.S.A.
! +1 (978) 448-3666
! +1 (978) 448-3799
carolyn@lochness.com

Jenny PON
Henry Buhl, Jr. Planetarium
Carnegie Science Center
One Allegheny Avenue
Pittsburgh, PA 15212
U.S.A.
! +1 (412) 237-3327
! +1 (412) 237-3395
ponj@csc.clpgh.org
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Orion Planetarium
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DK-6630 Rødding,
Denmark
! +45 74 55 24 00
! +45 74 55 26 55
orion@au.dk

Nicole PROULX
Agence Spatiale Canadienne /
Canadian Space Agency
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Canada
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nicole.proulx@space.gc.ca

Mark C. PETERSEN
Loch Ness Productions
P.O. Box 1159
Groton, MA 01450
U.S.A.
! +1 (978) 448-3666
! +1 (978) 448-3799
mark@lochness.com

Kelly QUINN
Bishop Planetarium
201 10th Street West
Bradenton, FL 34205
U.S.A.
! +1 (941) 746-4132
! +1 (941) 747-2556
KDQuinn@email.msn.com

Phyllis PITLUGA
Adler Planetarium / Chicago
1300 S. Lake Shore Dr.
Chicago, IL 60046
U.S.A.
! +1 (312) 322-0319
! +1 (312) 322-2257
ppitluga@midway.uchicago.edu
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Chalmers Planetarium
Chalmers University of Technology
S-41296 Göteborg,
Sweden
! +46 31 772 3140
! +46 31 812089
radbo@fy.chalmers.se

Derrick H. PITTS
Fels Planetarium
Franklin Institute Science Museum
222 N, 20th St.
Philadelphia, PA 19144
U.S.A.
! +1 (215) 448-1234
! +1 (215) 448-118
dpitss@fi.edu

John G. RADZILOWICZ
Henry Buhl, Jr. Planetarium &
Observatory
Carnegie Science Center
One Allegheny Avenue
Pittsburgh, PA 15212
U.S.A.
! +1 (412) 237-3399
! +1 (412) 237-3395
radzilowiczj@csc.clpgh.org

David PLANT
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1600 Amphitheatre Parkway
Mountain View, CA 94043
U.S.A.
! (650) 933-7100
! (650) 932-7100
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Planetarium, Tampereen Sarkanniemi Oy
Sarkanniemi
FIN-33230 Tampere,
Finland
! +358 3 2488 225
! +358 3 2121 279
timo.rahunen@sarkanniemi.fi

Amera PLATT
Wayne High School
Fort Wayne Community Schools
9417 Paulding Road
New Haven, IN 46774
U.S.A.
! +1 (219) 749-4932
! +1 (219) 425-7646
johntheIV@aol.com

Loris RAMPONI
AAP /
Centro Studi e Ricerche Serafino Zani
Via Bosca 24
25066 Lumezzane, Brescia
Italy
! +39 30 87 21 64
! +39 30 87 25 45
info@serafinozani.it
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Rio de Janeiro
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Brazil
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U.S.A.
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300 N. McLean Blvd
Wichita, Kansas 67203
U.S.A.
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! +1 (316) 263-4545
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Kai SANTAVUORI
Heureka, The Finnish Science Centre
Tiedepuisto 7
01901 Vantaa,
Finland
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United Kingdom
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670 N. A’ohoku Place
Hilo, HI 96720
U.S.A.
! +1 (808) 974-2500
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Ernest M. REILLY
Seiler Instrument / Zeiss
170 E. Kirkham Ave.
St. Louis, MO 63119
U.S.A.
! 1-800-726-8805
! +1 (504) 764-7665

Jane A. SADLER
Learning Technologies Inc.
40 Cameron Ave.
Sommerville, MA 02144
U.S.A.
! +1 (617) 628-1459
! +1 (617) 628-8606
jsadler@starlab.com
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Planetario “Ulrico Hoepli” Milano
Corso Venezie 57
20121 Milano,
Italy
! +39 02 28 95 785
! +39 02 2047259
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Seiler Instrument / Zeiss
170 E. Kirkham Ave.
St. Louis, MO 63119
U.S.A.
! 1-800-726-8805
! +1 (504) 764-7665
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Learning Technologies Inc.
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Sommerville, MA 02144
U.S.A.
! +1 (617) 628-1459
! +1 (617) 628-8606
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OCM BOCES Planetarium
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U.S.A.
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Stanley Thilakaratna Mawatha
Colombo 7, Western
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! +94 (1) 586499
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Berliner Allee 46
40212 Düsseldorf,
Germany
! +49 211 132469
! +49 211 133820
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Luiz SAMPAIO
Omnis Lux - Brazil
Rua Berta - 97
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Brazil
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! +55-11-573-2083
luizsampaio@omnislux.com.br
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Kosuke SASAKI
Minolta Planetarium Co., Ltd.
67 Washington Road
Monroe, NY 10950
U.S.A.
! +81-6-6386-2050
! +81-6-6386-2027
mp-osk@mom.minolta.co.jp
Steve T. SAVAGE
Sky-Skan, Inc.
51 Lake Street
Nashua, NH 03060-4513
U.S.A.
! +1 (603) 880-8500
! +1 (603) 882-6522
office@skyskan.com
Sheldon SCHAFER
Lakeview Museum Planetarium
Lakeview Museum of Arts & Sciences
1125 W Lake Avenue
Peoria, Illinois 61614-5985
U.S.A.
! +1 (309) 686-7000
! +1 (309) 686-0280
sschafer@lakeview-museum.org
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Edmonton Space & Science Centre
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Edmonton, AB T5M 4A1
Canada
! +1 (780) 452-9100
! +1 (780) 455-5882
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Longines Zeiss Planetarium
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CH-6006 Lucerne,
Switzerland
! +41 41 370 44 44
! +41 41 370 6168
planetarium@verkehrshaus.org
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! +1 (719) 333-2777
! +1 (719) 333-4281
jancarschmidt@worldnet.att.net

Kevin SCOTT
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P.O. Box 608
Dickson, TN 37055
U.S.A.
! +1 (615) 740-5510
! +1 (615) 740-5618
kevin@rcenter.org
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U.S.A.
! +1 (201) 641-1770
! +1 (201) 641-1771
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Sternstunden Mobil / Audio Visual
Imagineering
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Germany
! +49 0 36628-61038
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HP._schneider@t-online.net
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170 E. Kirkham Ave.
St. Louis, MO 63119
U.S.A.
! 1-800-726-8805
! +1 (504) 764-7665
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Arizona Science Center
600 East Washington St.
Phoenix, AZ 85004
U.S.A.
! +1 (602) 716-2078
! +1 (602) 716-2099
shuplac@azscience.org

Joslyn SCHOEMER
Denver Museum of Nature and Science
2001 Colorado Blvd.
Denver, CO 80218
U.S.A.
! +1 (303) 370-6157

Takamasa SEKIGUCHI
Goto Optical Mfg. Co.
4-16 Yazakicho
183-8530 Fuchusi, Tokyo
Japan
! +81-42-3625312
! +81-42-3619571
t0640yas@goto.co.jp

Andreas SCHOLL
European Planetarium Network
P.O. Box 1637
D-85706 Unterschleissheim,
Germany
! +49 8142 488801
! +49 8142 488802
andreas@scholl.com

Jonn SERRIE
Future Music
900 Colony Creek Drive
Lawrenceville, GA 30043
U.S.A.
! +1 (770) 339-8869
! +1 (770) 237-3049
jonn@mindspring.com
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Fiske Planetarium
University of Colorado
Campus Box 408
Boulder, Colorado 80309
U.S.A.
! +1 (303) 492-4073
! +1 (303) 492-1725
skelton@colorado.edu
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Carl Zeiss Jena GmbH
Carl-Zeiss-Promenade 10
D-07745 Jena,
Germany
! +49 3641 642283
! +49 3641 643023

Michael SHANAHAN
Bishop Museum — Explorers Project
1525 Bernice Street
Honolulu, HI 96817
U.S.A.
! +1 (808) 847-8235
! +1 (808) 848-4155
mikes@bishopmuseum.org

Brock SCHROEDER
Strickler Planetarium
Olivet Nazarene University
One University Ave.
Bourbonnais, IL 60914
U.S.A.
! +1 (815) 939-5361
! +1 (815) 939-5071
bschroed@olivet.edu

Dr. Dale W. SMITH
BGSU Planetarium
Physics Dept.
Bowling Green State University
Bowling Green, OH 43403
U.S.A.
! +1 (419) 372-8666
! +1 (419) 372-9938
dsmith@newton.bgsu.edu

Lee SHAPIRO
Morehead Planetarium, UNC-CH
CB #3480, UNC-CH
Chapel Hill, NC 27599-3480
U.S.A.
! +1 (919) 962-1287
! +1 (919) 912-1238
astrlts@email.unc.edu

Glenn SMITH
Sky-Skan Europe GmbH
Museuminsel 1
D-80538 München,
Germany
! +49 89 6428 9231
! +49 89 6428 9232
smith@skyskan.com

John SCHROER
Schenectady Museum and Planetarium
15 Nott Terrace Heights
Schenectady, New York 12308
U.S.A.
! +1 (518) 382-7890
! +1 (518) 382-7893
smprograms@aol.com

Raymond SHUBINSKI
East Kentucky Science Center
207 W. Court St, suite 201
Prestonburg, KY 41653
U.S.A.
! +1 (606) 889-0303
! +1 (606) 889-0306
rshubin@se-tel.com

Mark SONNTAG
Angelo State University
Department of Physics
San Angelo, TX 76909
U.S.A.
! +1 (915) 942-2136
! +1 (915) 942-2188
mark.sonntag@angelo.edu

Todd SLISHER
Sharpe Planetarium, Memphis
3050 Central avenue
Memphis, TN 38018
U.S.A.
! +1 (901) 320-6424
toddk@memphis.magibox.net
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National Space Science Centre
41 Guildhall Lane
Leicester LE1 5FR
United Kingdom
! +44 116 253 0811
! +44 116 261 6800
annettes@nssc.co.uk

Robert STOLLER
Fiske Planetarium
University of Colorado
Campus Box 408
Boulder, Colorado 80309
U.S.A.
! +1 (303) 492-3749
! +1 (303) 492-1725
stoller@spot.colorado.edu

Luca TALAMONI
Associazione Amici dei Planetari
C.P. 73 - Via G. MION 41
I-30034 Mira, Venezia
Italy
! +39 041 42 42 83
! +39 041 42 42 83
luca.talamoni@shineline.it

Mark SPOELSTRA
Artis Planetarium
Pl. Kerklaan 38-40
1018 CZ Amsterdam,
The Netherlands
! +31 20 5233426
! +31 20 5233518
planetarium@artis.nl

Prof. Ramanatha SUBRAMANIAN
M. P. Birla Planetarium
96, Jawaharlal Nehru Road
700071 Calcutta, West Bengal
India
! +91 33 2236610
! +91 33 2487988
prof_r_s@hotmail.com

Paul TETU
Sky-Skan, Inc.
51 Lake Street
Nashua, NH 03060-4513
U.S.A.
! +1 (603) 880-8500
! +1 (603) 882-6522
tetu@skyskan.com

Eileen M. STARR
Valley City State University
101 SE College Street
Valley City, North Dakota 58072
U.S.A.
! +1 (701) 845-7522
Eileen_Starr@mail.vcsu.nodak.edu

Carolyn SUMNERS
Burke Baker Planetarium
Houston Museum of Natural Science
1 Hermann Circle Dr.
Houston, TX 77030
U.S.A.
! +1 (713) 639-4632
! +1 (713) 639-4635
csumners@hmns.org

Brad THOMPSON
Spitz, Inc.
P.O. Box 198, Rt 1
Chadds Ford, PA 19317
U.S.A.
! +1 (610) 459-5200
! +1 (610) 459-3830
bthompson@spitzinc.com

Erik STENGLER
Planetario Miramón
Miramón Kutxaespacio de la Ciencia
P. Mikeletegi 43
20009 San Sebastián, Guipuzcóa
Spain
! +34 943 308 211
! +34 943 308 240
eriks@wanadoo.es

James S. SWEITZER, Ph.D.
Rose Center for Earth and Space
American Museum of Natural History
Central Park West at 79th St.
New York, NY 10024
U.S.A.
! +1 (212) 769-5808
! +1 (212) 496-3555
sweitzer@amnh.org

Garland STERN
Spitz Inc.
PO Box 198, Route 1
Chadds Ford, PA 19317
U.S.A.
! +1 (610) 459-5200
! +1 (610) 459-3830
gstern@spitzinc.com

Robin SYMONDS
Charles Hayden Planetarium
Museum of Science
Science Park
Boston, MA 02114
U.S.A.
! +1 (617) 589-0278
! +1 (617) 589-0454
rsymonds@mos.org

Joe STOHEL
Hansen Planetarium
15 South State Street
Salt Lake City, UT 84111-1590
U.S.A.
! +1 (801) 538-2104
jstohel@umah.utah.edu

Isshi TABE
Libra Corporation
7 F Den-en Toshi Kensetsu Building,
4-5-9 Chuo Rinkan
242-0007 Yamaro, Kanagawa
Japan
! +81 462-72-6384
! +81 462-78-1161
tabe@yk.rim.or.jp

John STOKE
Space Telescope Science Institute
3700 San Martin Drive
Baltimore, MD 21218
U.S.A.
! +1 (410) 338-4394
! +1 (410) 338-4579
stoke@stsci.edu

Toru TAKAO
Goto Optical Mfg. Co.
4-16 Yazakicho
183-8530 Fuchushi, Tokyo
Japan
! +81 42 362 8530
! +81 42 361 9571
t0640yas@goto.co.jp
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Steve THORBURN
P.O. Box 20399
Castro Valley, CA 94546
U.S.A.
! +1 (510) 886-7826
! +1 (510) 886-7828
sjt@ta-inc.com
Marcel THOUIN
Université de Montréal
Département de didactique
C.P. 6128, succursale Centre-Ville
Montréal, Québec H3C 3J7
Canada
! +1 (514) 343-7285
! +1 (514) 343-7286
thouinm@SCEDU.UMontreal.CA
Jim TODD
Murdock Planetarium
O.M.S.I.
1945 SE Water Ave.
Portland, OR 97214
U.S.A.
! +1 (503) 797-4551
! +1 (503) 797-4500
jim.todd@OMSI.EDU
Gary TOMLINSON
Chaffee Planetarium
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Grand Rapids, MI 49504
U.S.A.
! +1 (616) 456-3532
! +1 (616) 456-3873
gtomlins@triton.net
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Chadds Ford, PA 19317
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! +54 343 43 19 200
! +54 343 43 19 200
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Rose Center for Earth and Space
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New York, NY 10024
U.S.A.
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tyson@astro.amnh.org
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4-16 Yazakicho
183-8530 Fuchushi, Tokyo
Japan
! +81 42 362 8530
! +81 42 361 9571
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Planétarium de Montréal
1000, Saint-Jacques
Montréal, Québec H3C 1G7
Canada
! +1 (514) 872-3613
! +1 (514) 872-8102
alain_vachon@astro.umontreal.ca
Kirsten VANSTONE
Morrison Planetarium
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San Francisco, CA 94118
U.S.A.
! +1 (415) 750-7325
! +1 (415) 750-7127
vanstone@calacademy.org
Marlène VERICEL
R.S. Automation Industrie
Rue des Mineurs - ZI de la Vaure
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42290 Sorbiers,
France
! +33 (4) 77-53-30-48
! +33 (4) 77-53-38-61
rs.automation@wanadoo.fr

Allan WELLS
Spitz Inc.
PO Box 198, Route 1
Chadds Ford, PS 19317
U.S.A.
! +1 (610) 459-5200
! +1 (610) 459-3830
awells@spitzinc.com

Lorraine VERNOLA
Suffolk County Vanderbilt Museum &
Planetarium
180 Little Neck Rd
Centerport, NY 11721
U.S.A.
! +1 (631) 854-5579
! +1 (631) 854-5527
vanderbiltli@earthlink.net
Jerry VINSKI
Raritan Valley College
P.O. Box 3300
Somerville, NJ 08876
U.S.A.
! +1 (908) 526-1200 x8395
jvinski@raritanval.edu

Jack WHITE
Sky-Skan Australia Pty. Ltd.
441 Spencer Street
West Melbourne, 3003, Victoria
Australia
! +61 3 9329 5501
! +61 3 9329 6609
white@skyskan.com

Richard WALKER
Longway Planetarium
1310 E. Kearsley St.
Flint, MI 48503
U.S.A.
! +1 (810) 760-1181
! +1 (810) 760-6774
rwalker@tir.com

Mary Lou WHITEHORNE
Learning Technologies Inc.
40 Cameron Ave.
Somerville, MA 02144
U.S.A.
! +1 (617) 628-1459
! +1 (617) 628-8606
hault@istar.ca

Dr. WANG Rongbin
Beijing Planetarium
138 Xi Wai Street
100044 Beijing,
China
! +86 10-68351613
! +86 10-68353003
rbwang@mx.cei.gov.cn

April WHITT
Fernbank Science Center
Jim Cherry Memorial Planetarium
156 Heaton Park Drive NE
Atlanta, GA 30307
U.S.A.
! +1 (404) 378-4311 x221
! +1 (404) 370-1336
april.whitt@fernbank.edu

Yoshiya WATANABE
Osaka Science Museum
4-2-1 Nakanoshima, Kita-ku
5300005 Osaka, Osaka
Japan
! +81-6-6444-5184
! +81-6-6444-5657
yoshiya@sci-museum.kita.osaka.jp

Charles WILCOX
Museum of Science
Science Park
Boston, MA 02114-1099
U.S.A.
! +1 (617) 589-0274
! +1 (617) 589-0389
wilcox@mos.org

Dennis WEBSTER
CHS
1218 Joseph Road
Clearfield, PA 16830
U.S.A.
! +1 (814) 765-1291
! +1 (814) 765-7899
dwebster@clearnet.net

Ted WILLIAMS
Mallon Planetarium
Methacton School District
2533 Madara Rd.
Bensalem, PA 19020
U.S.A.
! +1 (215) 633-0604
ttwillia@mciu.org

David WEINRICH
Moorhead State University Planetarium
1104, 7th Avenue
Moorhead, MN 56563
U.S.A.
! +1 (218) 236-3982
! +1 (218) 299-5864
weinrick@mnstate.edu

Kenneth WILSON
Science Museum of Virginia
2500 West Broad St.
Richmond, VA 23220
U.S.A.
! +1 (804) 367-0457
! +1 (804) 367-9348
kwilson@smv.org
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! +1 (603) 880-8500
! +1 (603) 882-6522
wright@skyskan.com
Bryan WUNAR
Adler Planetarium & Astronomy Museum
1300 S. Lake Shore Drive
Chicago, IL 60605
U.S.A.
! +1 (312) 322-0313
! +1 (312) 322-2257
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Manitoba Planetarium
190 Rupert Avenue
Winnipeg, MB R3B 0N2
Canada
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! +1 (204) 942-3679
wurtak@manitobamuseum.mb.ca

Scott YOUNG
Manitoba Planetarium
190 Rupert Avenue
Winnipeg, MB R3B 0N2
Canada
! +1 (204) 988-0627
! +1 (204) 942-3679
scyoung@manitobamuseum.mb.ca
Juan Carlos ZABALGOITIA
Astronomía Educativa
C.C. 4184
1000 Buenos Aires,
Argentina
! +54-11-4697-2815
jczab@sinectis.com.ar
ZHANG Xuekui
Beijing Planetarium
138 Xi Wai Street
100044 Beijing,
China
! +86 10-68345302
! +86 10-68353003
zhangxuekui@163.net

Ryan WYATT
LodeStar Astronomy Center
1801 Mountain Road NW
Albuquerque, NM 87104
U.S.A.
! +1 (505) 841-5975
! +1 (505) 841-5999
wyatt@earthling.net
Wayne WYRICK
Kirkpatrick Planetarium
Omniplex
2160 NE. 52nd Street
Oklahoma City, OK 7311
U.S.A.
! +1 (405) 602-3705
! +1 (405) 602-3768
wizardwayne@juno.com
Toshikatsu YASUDA
Goto Optical Mfg. Co.
4-16 Yazakicho
183-8530 Fuchusi, Tokyo
Japan
! +81-42-3625312
! +81-42-3619571
t0640yas@goto.co.jp
Joanne YOUNG
Audio Visual Imagineering
10801 Cosmonaut Blvd
Orlando, FL 32824
U.S.A.
! +1 (407) 859-8166 ext. 303
! +1 (407) 859-8254
joanne@av-imagineering.com
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