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LETTERS TO THE EDITOR
To the Editor:
Mr. Douglas Johnson in the March, 1982 issue of
the Planetarian has endeavored to dispute my research
that Herod died in 1 B.C., by citing two points: the
improbability (in Johnson's words) that it took about 25
days (going 8 stades a day) to carry Herod's body from
Jericho to the Herodian, and that there were co-regencies
with Herod among his sons. I wish to address those very
issues in this letter.
It is evident that Johnson is dogmatic in his
assertions. It is almost as if he is the prosecuting attorney
as well as the judge and jury. Even his "Hallelujah's" at
the end of his article may make him think he has divine
authority to speak ex cathedra on the matter. I think it
would have been wiser to adopt a more cautious attitude,
because there are not too many "infallible" people
available on the matter of determining the time of
Herod's death.
What is unfair is Johnson's appraisal that Prof. F. F.
Bruce has become an adversary to my position, when in
fact he said (as quoted by Johnson himself): "I think Dr.
Martin has made a positive contribution to historical
scholarship with his interpretation of the Tibur
inscription." The point is, if I am correct about the Tibur
inscruption, I could be right on the dating of Herod's
death.
Johnson should also be careful in quoting
authorities. Leonardo Da Vinci said: "Whoever in
discussion relies upon authority, uses not intellect, but
memory." How true! This is especially the case with
Johnson. He quotes Prof. Smallwood when she said: "all
of the evidence points to 4 B. C. as the year of Herod's
death"; yet, Prof. Timothy Barnes (recognized by
Smallwood as one of the top Roman authorities of the
period) said the evidence does not show Herod died in 4
B.C. (fTS, vol. XIX (n.s.), p. 209(1968) ). Anyone with
common sense knows it is easy to find statements of
scholars who disagree with one another!
Now to Johnson's points. He objects to my belief
that the funeral procession went 8 stades a day towards
the Herodian. But why? If there was ever a society more
attentive to precise customs, traditions, and ritualistic
rites, it was the Jewish one of the first century, and
Josephus said Herod's funeral was the most magnificent
afforded a king. There would have been utmost pomp and
ceremony accompanying the procession, and with full
regal dignity.
Bu t why only 8 stades a day? There are several
reasons. First, the golden bier (which must have .weighed
hundred
pounds
or
more)
was
carried by
a
BAREFOOTED pallbearers! Augustus, about 15 years
later, was also carried by Roman senators from Nola to
Rome (120 miles) with 12-hour resting stops each day.
Wouldn't the barefooted dignitaries who carried Herod
also have stopped to rest their lacerated feet?
There's more! There was a thirty-day mourning
period (besides the 7-day cleansing period) called
Sheloshim that had to be accomplished between Herod's
death and the next Passover. This period of mourning was
in effect for all Jews, let alone kings and high-born
people. It was accomplished for Moses (Deut. 34: 8),
Aaron (Num. 20: 29), and even when Josephus (the
military commander of Galilee) was thought dead, the
Jewish public conducted the customary Sheloshim for
him (War, III, 437). Since Archelaus held banquet and
ceased the public mourning some three days before the
Passover, Herod's death had to be at least 33 days before
that Passover.
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But Johnson takes Herod 8 stades out of Jericho,
puts him on a springless wagon, and gallops him up to the
Herodian in one day. Main roads were normally of
cobblestone. Poor Herod would have been messy Herod
by the time his wagon reached the Herodian. Such a
procedure would have lacked all dignity or honor.
Besides, Josephus said the procession went all the way to
the Herodian (War, I, 673), and those barefooted people
would have been in a terrible condition for walking more
than 8 stades a day, as Josephus indicated they did.
Johnson's condemnation of my statements on
co-rulership are humorous and contradictory. He quotes
Josephus who said that Antipater was "at least a co-ruler
with his father and in no way different from a king," and
then turns right around and says he wasn't a co-ruler and
was very different from a king. His statement is just the
opposite of what Josephus said. (I will have more to say
on this at the Vancouver conference.)
In closing, I wish to thank Johnson for bringing up
his points, but I think his dogmatism is unwise. This
su bject has been de bated by scholars for the past hundred
years, but my new evidence can go a long way in
the chronology. The research shows a very reasonable case
that Herod died in 1 B.C.
Ernest L. Martin
Dear Editor:
Just a brief note to tell you that the new issue
The Plane tarian (Vol. 10, # 1) looked very spiffy!
layout and general appearance looked very professional.
As one editor to another, congrats.
Andy Fraknoi
Executive Officer
Astronomical Society of the Pacific

Dear Editor:
In vol. 10 # 1 issue of the Plane tartan, Dave
describes the variety of patterns that can be produced by
using a BFJ (baby food jar) projector. I would like to
point out that you can obtain a very different effect by
using the same pattern on the jar but placing the axis of
rotation for the BFJ perpendicular to the dome instead of
parallel to the dome. For example, the "lines" pattern
shown in the article (which actually produces arcs when
positioned parallel to the dome) will give rotating spikes
if placed perpendicular to the dome.
Sincerely yours,
Lee T. Shapiro
Dear Editor:
The Griffith Observatory is buying several Apple
computers for hands-on use by the public in our
astronomical museum. We would like to hear from other
institutions who have microcomputers on display to get
ideas for astronomical programs appropriate for museum
use.
John Mosley
Griffith Observatory
2800 East Observato;y Road
Los Angeles, CA 90027 U.S.A.
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COMMENTS FROM
THE PUBLISHING DIRECTOR
"TEN YEARS WITH THE PLANETARIAN. ..
some personal comments"
This issue, as some of you may have noted, has been
long in coming. At one point, it was two issues slated to
be published concurrently. Although this would have
helped us catch up, logic and economics suggested that,
in spite of its size (43, instead of 26 pages), it would be
better to present the material as a single issue. (The same
applied to Number One of this volume, as well.)
As a staff member of the Planetarian for ten years, I
have not only seen the publication grow, but have shared
in the frustrations of its problems. With Volume 4 (1975),
we assumed the responsibility of having the Planetarian
printed. With Volume 6 (1977), in order to help the
Society recover from its financial problems, we took over
all layout, typing, and graphic preparation of your
Journal. (I would like, here, to publicly thank my wife
Petrea who typed and did a great deal of final
proofreading and editing for the four issues of Volume 6.)
With Volume 7, we found it possible to upgrade
from a typewriter to a printed format, using our own
equipment and the typesetting services of one of our own
dedicated staff members, Phyllis Cattin, who has typeset
the Planetarian through this issue. Phyllis has given each
page a great deal of tender loving care, and has provided
many helpful ideas about format.
We were also able to secure the printing services of
MARRS PRINTING, in Walnut, California. Walt Marrs,
the owner, worked with us in making the best use of
state-of-the-art commercial printing equipment at
"instant print-shop" prices! He and I spent a great deal of
time discussing approaches to our printing needs, and I
thank him for his interest and assistance.
With the first issue of the current volume, Volume
la, we were able to add to our working staff, Mike
Mendoza who relieved me of the time-consuming task of
layout and preparation. Mike is highly qualified in the
graphic arts field and was ableto shower thePlanetarian
with his expertise, as I'm sure you have noted in the last
four issues.
After a year of searching, your Society has now
found a new Executive Editor who will assume his
responsibilities with the next issue. Publishing Volume 10
without a pilot, so to speak, has presented its difficulties.
A great deal of credit must be given to your Society
President, Bill Peters, who put forth a remarkable
amount of effort to obtain and edit much of the quality
material you have read in this Volume. Without his help,
the Planetarian would have come to a complete stop.
Your Society has now increased funding for the
Planetarian to allow it to be commercially typeset and
printed locally for your new Editor. This will free him of
the "mechanical aspects" of preparation so that he may
concentrate on the editing aspect. This will also allow
more rapid preparation. (I won't give his name here as he
Continued on page 31
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PAST - PRESENT - FUTURE
James A. Hooks
Past President, International Planetarium Society

Editor's Note:
The following editorial by Mr. Jim Hooks is
directed, in part, to I.P.S. members in the United States;
however, much of the paper's content is applicable to all
members worldwide and therefore it is felt presentation
herein is appropriate. I.P.S. members and affiliates outside
the United States are invited to publish articles having a
general theme which may only apply to their own
circumstances so that we all may be aware of, and
understand their problems as well.
(R.H.)

During my tenure as President of the
I nternational Planetarium Society, I worked for it
in every way I thought possible. I have supported
from the beginning its By-Laws and operation.
Our members were and still are of the highest
qual ity. They have a diversity of knowledge and a
variety of backgrou nds that overshadow any
profession that I know about.
During my term as President, hundreds of
letters were written and telephone expenses went
up drastically. The telephone kept minds in touch
and feelings could be felt. Attitudes and
expressions paved the road to follow. Travel ing to
different affi I iate meeti ngs was done with
excitement and pride on my part.
There were individuals who made great
efforts
in achieving the goal
that every
planetarian would receive special music albums.
Many members enjoyed the sounds and used
them
in
educational
and
entertainment
presentations.
Efforts were made by many members so all
facilities would receive pertinent materials relating
to our profession. These helpful materials were
used
extensively
for
information
and
presentation.
In 1977, government funds were allocated
to
the
Institute of Museum Services in
Washington, D.C. I was aware that planetariums
were among the eleven types of faci Iities that
could apply for grants. The Institute of Museum
Services was created by the Congress of the
United States and was (and is?) a Federal Agency
whose basic mission is to assist museums of all
types with general operating support.
I exhausted all efforts to ensure that every
planetarium facility would receive grant proposal
booklets and guidelines. I was assured that all
planetariu ms had been mai led the necessary
materials. Yes, many did receive them, but at a
late date. There was a deadline for the finished
appl ication.
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Many letters were written in support of
these grant proposals and long hours of research
were put forth establishing vital information for
the proposals. All proposals reviewed were
worthwh i Ie, were professionally prepared, and
were accepted and approved.
Yet, now I read that Congress allocated
$12,257,000 to the I nstitute of Museu m Services.
There were 573 grants that totaled $11.7 million.
These grants were to assist with genera! operating
expenses. An additional fifteen (15) grants,
total ing $292,000, supported special projects.
Now, of the 573 grants made-only five
planetariums
were
awarded
grants total ing
$158,840.
To
my
knowledge,
not
one
planetarium staff member served as a reader to
grade these proposal s.
I n the

year

1981, the National Science
educational
budget
was
$70,000,000. No planetarium facility, that I was
aware of, received any of these funds. The
National Science Foundation budget has now
been cut to $20.9 million. This provokes many
frustrations,
because
the
National
Science
Foundation induces the spark for creative
technology.
Foundation~s

I have stated before that there are
accelerating
advancements
in
science
and
technology. This will produce many difficult
problems that we will have to face. The door to
knowledge was open, but now I see that it is
slowly closing. Therefore, we must prepare
ourselves for an unpredictable future.
The difficult times ahead were foreseen. I
diligently pursued the idea of testifying before a
Senate Sub-Committee and it led me to the
Division of Appropriations. I sol icited the help of
many trustworthy individuals in our profession,
and they responded with enthusiasm and vigor.
After' some research, I felt prepared. I then
testified in Washington, D. C., to the Sentate
Sub-Committee on Appropriations. I presented
what I considered to be a well-founded argument,
based upon fact and highly justifiable.
Before returning home, I was informed that
a National Television network had presented an
advertisement produced by one of our members.
Now I was on top of the mast and thought I
cou Id see forever over the horizon. But these
moments were short-I ived.

After some quiet nights and less hectic days, there
were times for contemplation and my mind began to
recapitulate past events. There was developing an
uneasiness; something was amiss. There, in the uneasiness,
a question began to evolve. As the moon continued to
change phases-that question became very tantilizing. I
continued to fulfill the President's obligations and duties,
but the answer continued to elude me.
Then came a most memorable trip to Monterey and
Mexico City. I could see that the International
Planetarium Society was truly beginning to be
international in scope; and even greater things were to
happen. The Mexican Planetarium Association became an
affiliate in 1980.
Reflecting over the short past, the International
Planetarium Society was basically formed in 1970. In just
a few short years, it has developed into an intricate
society made up of eleven (11) organizations, called
affiliates. The United States has seven affiliates. Three
groups are national organizations, such as Britain, Canada,
and Mexico. The European/Mediterranean affiliate is
multi-national in nature. Under very capable leadership, it
continues to grow in breadth and scope. The future looks
great and I relish the fact that I had and continue to have
a part in it, and sincerely hope I have been helpful.
It has been stated that, lithe International
Planetarium Society is slowly evolving from a primary
United States-based group to one that is truly living up to
the international in its name."
The International Planetarium Society will continue
to expand in stature and prestige so long as it has
freedom to think, question, and explore. It needs freedom
to answer those questions based on real istic facts and
disregarding political dogma.
I have seen in the past and look ahead with eyes of
hope that astronomy and the related sciences have been
and still are becoming readily adaptable to the media of
television.
Presentations such as "Cosmos" by Carl Sagan,
"Universe," by Walter Cronkite, and others like "Life on
Earth," "Nova," and "The New Frontier," were all
accepted with enthusiasm by the publ ic.
It appears the general public is fascinated by
sophisticated technology, which is a product of monetary
funds. Millions of dollars and creative individuals produce
the spectacular. Planetarium staffs are also creative
individuals, but they cannot create sophisticated
technology and mind-tingling effects without necessary
funds.

In reflection, it was an honor to hold the office of
President. I could wholeheartedly represent all members
because I had a commitment to them. I desired for all
planetarians to be recognized as professionals with
wisdom, a wealth of knowledge in their hands, to be
transmitted to mill ions who view the spectacles of the
cosmos each year.
Now the question that tantilized me developed into
a simple one. Why had pol itical leaders and most United
States government agencies listened, or appeared to listen,
with deaf ears? These agencies have been alloted huge
sums to be used for the betterment of the people and to
serve the national interest. The people who direct and
maintain federal agencies are appointed by staffs of the
Chief Executive, approved by the office of the President.
Now-there you have the answer to that question!!
The Congress of the United States is made up of
Representatives and Senators who appear to give more
thought to the planetarium facilities in their own districts.
To this end, we need to cooperate in a unified way so
that all planetariums in the United States will have a
stronger voice. I feel that arguments can be given to show
that national support for planetarium facilities is in the

national interest.
If the planetariums in the United States work
together in an association that represents all, then the
results will be positive-not only from the standpoint of
government agencies, but also from the private sector as
well.
Is it possible that in a world of computers, high
technology and psychological manipulations we are
moving into a bureaucratic society where man will
become a computerized number, losing his individuality?
I am of the opinion we need a base from which to
speak. Therefore, I will be making a proposal in the near
future in an effort to solve the dilemma in which we find
ourselves. I can see clearly now that there is not a "Battle
Beneath the Domes," but a "battle for our very survival"!
The eyes of hope were deceiving me; planetariums
were seldom used or mentioned. These presentations of
sophistication have yet to make an appreciable impact on
attendance levels for planetaria, or upgrade the status of
creative professionals who direct them. The question in
the imagination that appeared like a cosmic cloud
continued to tantilize me and was still there.
The reign of my administration shifted with
smoothness, as it should in any society which holds to
individual respect, reality of truth, and dignity of man.
The individuals who took the reins of office from me
were of the highest quality, as they continue to represent
our profession.

I~\

c.ontinued from page 40

perception. I wondered if this was a failing of the eye or
uncorrected blue aberrations common to all the
projection lenses that I tried. I suspected the eye.
This answer was confirmed when I stood a few
miles from the downtown core of the large city. It was at
night and some of the sky-scrapers had red neon signs
atop them. Others had blue signs. I was just far enough
away so that I could barely read some large red letters
and logos. Blue letters, even if somewhat larger at the
same distance, were less distinct and not at all readable.

Since these observations I have been careful to filter
slides that demanded a p~rception of fine detail with a
longer wavelength band-pass filter. Slides that must be
blue or violet for artH;tic reasons have to be drawn more
boldly with this effect in mind. This blue fuzzyness can
be put to use however. If blue lines are projected adjacent
to lines of other colors, the blue line's indistinctness
makes them seem to recede, to be more distant. Thus
coloring can be used to give a feeling for depth that may
be quite strong in a projected, line visual since the
perceived indistinctness adds to blll:e's already recognized
value as a recessive color.
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WHAT DO PLANETARIUMS DO TO VISITORS?

Results of the Latest Research

A Panel Discussion with:

Jeanne Bishop, Westlake Schools Planetarium, Ohio Jack Fletcher, Arl'1in C. Hummel Planetarium, Kentucky
Gerald Mallon, Methacton School District Planetarium, Pennsylvania
Moderated by:
Alan j. Friedman) Lawrence Hall of Science, California

August 20, 1980
International Planetarium Society
Fifth Bienn ial Conference Chicago

Abstract: Recent research by Bishop, Fletcher, and
Mallon, has shed light on what visitors can take away
from a planetarium experience. Research can compare
different styles of planetarium program (for exaple POP
[participatory-oriented-planetariumsj vs. lecture style) and
indicate the effectiveness of each style. Results from three
major studies are presented, followed by audience
questions and discussion.
Proceedings edited by:
Alan J. Friedman
October 20, 1980

DR. ALAN J. FRIEDMAN,
LAWRENCE HALL OF SCIENCE
Ladies and Gentlemen, my name is Alan Friedman,
and it's my great pleasure to welcome you all to the
dedication of the great new North American Planetarium.
Thanks to the miracle of our Zeiss projector and the
magic of our special effects, you can see we've created
the illusion that you are actually in the grand ballroom of
the Drake Hotel in Chicago. Doesn't it feel as if you're
actually there? Note the amazing realism of the special
effects. With this planetarium, we're going to meet the
needs of 200 million visitors a year for both
entertainment and education, and we're going to satisfy
everybody from 6 to 600 years old.
Even if we did have the dream planetarium of our
farthest delights, do we really know how to educate as
well as fascinate everybody? What do planetariums do to
visitors. Do we give pleasure, and if we do, is that
sufficient justification for our existence? Do we improve
attitudes toward science, or might we be degrading them?
Do we give people new knowledge, and if so, how much,
and how long is that knowledge retained?
All of us are convinced that we know the answer to
those questions. We think our planetariums give pleasure,
improve attitudes, and increase knowledge. How do we
know that? I'll suggest three ways that we all think we
know the answer.
The first goes like this. I opened my new show and
at the end people came up to the console and told me
how much they enjoyed the show and how much they
got out of it. That is called anecdotal evidence. It means
something. But how many of you have been to a really
dull and boring dinner party and at the end went up to
the host and said, "Thank you so much for inviting me.
1 had aIeally wonderful time."
Then there's popularity as evidence. We cite the fact
that teachers sign up for our programs and visitors come
back again and again. That's also valuable evidence. In
some cases, however, it may only prove that it's easier for
teachers to bring kids to the planetarium than to prepare
a lesson for that day.
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Important evidence to most all of us is intuition. I
have this gut feeling that what I'm doing in the
planetarium is good and important. Such intuitive
optimism is necessary. It's an essential part of creativity.
On the other hand, each of us has an emotional need to
believe that we've devoted these years of our lives to
something valuable, and so our intuition of success, while
absolutely necesary, should not be regarded as sufficient
proof of what we do to visitors.
Why is it important that we know objectively what
we do to visitors? Such knowledge is the bottom line of
any justification for our economic and political existence.
Our planetariums make us feel good, but that's
inadequate rationale for a thousand publicly subsidized
planetariums in the United States. The ultimate measure
must be what we do to or for the visitor.
Most planetariums claim science education for the
visitors as a key goal. We want to help our visitors to
learn and to appreciate science. Unfortunately, as we look
around at evidence about the state of public science
literacy, the picture is pretty dismal. The National
Assessment of Educational Progress has been reporting for
years with longitudinal and cross-section studies that show
the public knows very little about science. The declining
Scholastic Aptitude Test and advanced placement test
scores indicate that students seem to know less every year
than they did every year before. Perhaps worst of all, the
National Assessment of Educational Progress reports that
the longer students stay in school, the less they are
interested in science. The majority is enthusiastic in
kindergarten; the majority thinks science is dull by the
time of graduation from high school.
Many factors can be blamed for this dismal picture.
We can blame the tests themselves. Many people blame
television and the decline of homework. Others blame the
new curricula that have been introduced into the schools.
And perhaps scariest for us, there are those who blame
increased use of audio-visual techniques instead of
straight-forward lectures. If we just used fewer slide
projectors and planetarium visits we could get more
information spoken in each classroom hour.
What is the role of the planetarium in affecting
public science literacy? Are we part of the solution? or
are we part of the problem? No matter what we feel
about the possible causes of public ignorance of science,
our role is clear; we'd like to improve things. For us that
means improving our programs, or scrapping them if
they're doing harm. How do we know what planetariums
do to visitors? If anecdote, popularity, and intuition are
not sufficient evidence, what can we use? As a last resort,
we science educators can try science research. After all,
there is this whole body of procedures to answer
questions in a reliable manner, presumably better than
anecdote, popularity, or intuition. Of course the problem
is it is hard to apply science to people themselves. It's
vastly easier to measure the mass of the sun than to
measure the astronomical knowledge of one six-year-old.

In a review by Dennis Sunal l of the pioneering
work done over the last two decades in research on
planetarium effectiveness, comparing the planetarium with
the classroom, the finding was that we can't answer our
questions from these studies. That doesn't mean they
were valueless. They illustrated clearly several evaluation
techniques that would not work, and suggested new
strategies. I have good news for you this morning. Some
of those suggestions from the pioneering work have come
to fruition. You are going to hear three short reports
which, especially taken together, give great hope. In the
first place, this new work does indicate some of what
planetariums do to visitors. And second, this research
suggests clearly directions for the future.
Dale Etheridge's dissertation indicated the basic
strategy followed by the new research. Dale was reviewing
earlier studies which tried to compare the medium of the
planetarium with the medium of the classroom, and here's
what he said;
The primary danger in multi-media
comparisons is that it is impossible to
generalize
beyond
the
immediate
experiment.
Just because film "A" is
more effective than television program "B"
does not mean that films are superior to
television. It only means that "A" is better
than "B" under conditions of the experiment.
Even if you could prove that "A" was the
best possible film presentation, which is highly
doubtful, you could not generalize across
subject areas. Such an experiment can be
worthwhile if you must decide whether to
buy film "A" or videotape "B," but it is
useless if you are trying to decide whether to
establish a film library or a videotape library
(or may I add, a planetarium) . . . The way
out of the dilemma is to conduct carefully
controlled experiments on variables that are
intrinsic within the planetarium. 2
Today we are going to see that challenge met.
You'll hear three brief reports by Drs. Jack Fletcher,
Jerry Mallon, and Jeanne Bishop which prove to me that
real progress in learning what we do to visitors is being
made right now, and that we now have guidelines we can
use to improve what we do in the future. The three
studies, especially taken together, are useful immediately
in helping to decide what to do when you get home to
your planetarium; but I think more importantly these
studies describe improved ways of defining the goals of
research, the methods, and the tools, so that in the
future, we'll be better able to learn what it is we do to
visitors and why we ought to be in existence.
Let me conclude by suggesting some features to
listen for as you hear these three ten-minute presentions.
Exactly what techniques are being compared in the
planetarium? Try to imagine yourself going home, flipping
on the main power switch and doing each of the things
described. Compare your intuition of what will happen
with what our researchers found out really happens. How
did each researcher solve the problem of balancing
between being too general-such as trying to compare the
whole planetarium experience vs. the whole classroom
experience and being too specific-let's say a result which
is valuable only for Alan Friedman on January 22nd with
a third grade class from Hillcrest Elementary. What effect
on visitors were the researchers looking for? Were they
trying to see whether the visitors were titillated, satisfied,
had their attitudes changed, or their memories increased?
How valid and reliable were the researcher's instruments
such as tests, interviews, what not?

There is a need for increasing public science
literacy. I believe you are going to hear three very
impressive demonstrations that research can come to our
aid in improving that literacy.
DR.
JACK
FLETCHER,
ARNIM
D.
HUMMEL
PLANET ARIUM
After looking to see what research had been done
over the past years, especially research comparing a
classroom to a planetarium for teaching astronomy, I
could see the results had not been favorable for a
planetarium. So I asked the question: I have a
planetarium; the planetarium is not going to go a way; it is
going to be in existence for a long time, so how can I
best use the planetarium for teaching astronomy? I
decided to compare methods of using the planetarium.
compared a participatory planetarium program with a
traditional planetarium program. The definitions that I
used for these types of programs were: a traditional
program is one in which visitors come in and you present
them with a lecture. You may use a lot of slides or
special effects, but it is a lecture situation. They simply
come in, sit down, and listen to what you say. A
participatory program is one in which students come in
and may listen to an introduction but then become an
integral part of the program in collecting information or,
perhaps, physically getting up and moving around the
room, making predictions, and so on.
I had three questions I wanted to ask and I phrased
these questions as null hypotheses. First, there would be
no difference between the achievement of students who
experienced a participatory program and students who
experienced a traditional planetarium program. Second,
that no interaction between the two methods used to
present the planetarium program and the time in which
the students were tested for achievement in that program,
existed. Third, that there will be no interaction between
the two methods presented, whether traditional or
participatory, and whether the program is presented for
the first time or second time by the instructor presenting
this program. In order to conduct this study, I used a
program that dealt with Stonehenge. It was a traditional
Stonehenge-type program where one looks to see where
the sun rises and where the sun sets at different times of
the year. Not just east or west, but exactly where. In
order to look at these concepts and find out what the
students were learning, I had to first of all develop a
testing instrument. I looked around first to see if a testing
instrument was available, and finding none, it fell on me
to develop my own. I developed a twenty-question,
multiple-choice test. Eight of the questions on the test
were designed to test the application of the knowledge
that the students were presented. The other twelve
questions were developed to test rote memory from what
was presented in the planetarium. In order to establish
the reliability of this instrument, I conducted a pilot
study prior to my research to find out if the questions I
asked were valid; would they measure what I wanted the
questions to measure. In order to establish the validity of
the instrument, I selected a panel of five judges (two
science educators and three planetarium directors) to
evaluate the instrument. It was kind of a hard thing to
do, as I am sure many of you know, but I had to start
somewhere.
1- Sunal, Dennis, "Analysis of Research on the Educational Uses
of a Planetarium," 1977, Journal of Research in Science
Teaching, vol. 13, no. 4, pp. 345-349.
2Quoted by Jeanne Bishop (see below). Parenthetical comment
mine. See Dale Etheridge, Simulation and Representation in
Visual Learning: The Planetarium as a Simulation Device.
Unpublished doctoral dissertation, University of California,
Los Angeles, 1956, pp. 49-50.
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After I got my instrument established and checked
its reliability and validity, I then decided to restrict my
area to the southeastern area of the United States. I sent
requests to all people in the Southeastern Planetarium
Association asking them to participate in the study. Of
the people who replied saying, "yes, they would
participate," I randomly selected eight. These eight people
were asked to send back the names of earth science
teachers who brought their class to the planetarium. I
randomly selected four classes for each planetarium. Two
classes would experience a participatory planetarium
program, and t-'-lO classes would experience a traditional
planetarium program. All four classes were taught
independently of each other, and none of the four classes
had been told what type of program they were receiving.
The planetarium teachers were sent all the necessary
materials for conducting this program. They were sent the
exact scripts they were supposed to use; they were sent
slides; and for the participatory program, they were sent
materials used in the active portion of the program.
Testing instruments that were to be used and returned to
me were also sent. The first test was given to the students
immediately after the program. The results were sent back
to me on scanable answer sheets, which I simply fed into
the computer. Then four weeks later, the same students
were administered the same instrument and the results
were again returned on scanable answer sheets.
All classes, as I've said, were taught independently
of each other. The planetarium program "Stonehenge"
started off with an introduction of what Stonehenge was
about, and then Stonehenge was used as a method for
examining the rising and setting points of the sun
throughout the year. The traditional program simply
presented a lecture on, "This is where the sun rises on
this date; this is where it sets on this date, etc." We went
thoughout the year showing the rising and setting points
of the sun. In the participatory program, the students
were given an introductory lesson, then they were invited
to actively take part in marking positions on the dome
with special plackets that would attach to the dome.
They were to mark the position where they saw the sun
rise, then they were to mark the position where they saw
the sun rise, then they were to mark the position where
they saw it set. Then the planetarium teacher would talk
about what they saw. The students were then asked to
mark where they thought the sun would rise and set one
month later. The actual postion was then shown and the
planetarium teacher talked about why the students marked
the right position or not. It was a laboratory-type
approach. The programs all lasted for approximately fifty
minutes.
As I said, I selected eight planetarium teachers at
random from the southeast, sent out the materials, and
could only hope that the study was conducted according
to the instructions I gave. I sent a rather lengthy set of
instructions. I can only assume that the programs were
conducted according to the way I had requested.
After the data came back, I subjected it to a
four-way analysis of variance. For the independent
variables, I selected methods (either participatory or
traditional), instructors, practice (whether the planetarium
teacher gave the program for the first or second time),
and time (whether the test was taken immediately after
the program or four weeks later).
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After the results were analyzed, it was shown that
no difference was found to exist between a traditional
and a participatory planetarium program with respect to
students' total score, rote memory score, and application
score. The first null hypothesis had to be accepted.
The second null hypothesis stated that no
significant interaction would be found to exist between
students who experience a traditional or participatory
program with respect to the time when students were
tested for achievement with regard to the students' total
score, rote memory score, and application score. No
difference was found; therefore, the second null
hypothesis had to be accepted.
Regarding the third null hypothesis, I found there
was no significant difference between students who
experienced a traditional and a participatory program and
whether the program was presented by the planetarium
teacher for the first or the second time, with regard to
the students'total score and rote memory score. But, I did
find a significant difference existed in the students'
application score. What this showed me was that with
practice by the planetarium teacher, a students'
application score could improve. The null hypothesis was,
therefore, accepted for the students' total score and rote
memory score, but rejected for application score.
There were some other main effects and interactions
not generated to test one of the null hypotheses, but did
result in a significant difference. I found there was a
significant difference between instructors and time.
The results of my study showed that there was no
difference
between
participatory
and
traditional
planetarium programming the way I had defined it, but
there was a significant difference among teachers who had
participated in the study. So, I concluded that there is a
definite, significant difference between teachers. I would
like to add that the teachers who were involved in my
study, the eight planetarium teachers, had not attended
any workshops or conferences dealing with participatory
planetarium programming prior to my research.
three of the eight teachers stated they had tried
participatory programming, not to any great extent, but
their terms were, "We dabbled with it a little to see if
we'd like it or not." So, none of the teachers in my study
had the advantage of having been trained in one method
or the other.
The conclusions I was left with were that the
difference existed not in the method used but in the
teacher that presented the method. I came up with the
recommendations that this study should be tried again,
but by using taped planetarium programs. The teachers
involved in my study overshadowed many of the effects
that I was looking for because there was such a great
difference between teachers. This is, however, something
that we all no doubt know and something that research
has shown us over the past eighty years to be true; that
is, there is a difference between teachers.
The study was a start, however, in looking at how
we can best use the planetarium. You have to remember
that I only looked at one particular concept and that the
participatory method had not been taught to any of the
teachers involved.

DR. GERALD MALLON, METHACTON SCHOOL
DISTRICT PLANETARIUM
This puts me in a rather strange position, since just
over one hour ago I gave a paper presenting the results of
my study, and many of you are still here from that time,
but then again, many of you are not. So, what I'll try to
do now is present much of the same information, perhaps
addressing different points than I addressed before<, and
hope that those people who were here before don't snore
too loud.
To begin with, the study which
recently
eompleted was an outgrowth of a pilot sfudy that I did
eight years ago which compared tape vs. live teaching.
(Science Activities, 11, Nov/Dec 1974:10-11). The study
also took advantage of the information that Dr. Jack
Fletcher was able to obtain in his research. The general
question that I was trying to address was: "In a small,
educational type planetarium, with a capacity of between
15 and 75 people is a traditional star show type program
or a participatory oriented planetarium program the most
effective for content and attitude change?"
From that general question, four specific questions
were generated. They deal with finding out if either
program was effective, and if so, which program was more
effective. They dealt with both attitude and content
change.
To address these four hypotheses, I chose a topic
that seemed to be common to many planetariums, a topic
that most of us will deal with at some time; i.e.
constellation study - the ability to recognize certain parts
of the night sky. Also, I chose a population of students in
3rd, 4th, or 5th grade since many of the educational
planetariums that seat between 15 to 75 people deal with
a school population of about those grades.
In preparing this research study, I did not want to
go about creating the treatments on constellation study
and then have someone argue that the treatments that
were created were biased in one way or the other-("you
feel this way and that's why the study went the way it
did. "). What I chose to do was take a look around at
existing programs that fit the definition of "Star Show"
and "Participatory Program" and choose appropriate
scripts. Through George Hamilton's permission from the
Fels Planetarium, Philadelphia, PA, I had the use of an
excellent Star Show program called "Leo and His
Friends" which dealt with many of the concepts that the
study was designed to address. I also chose a Participatory
Program that Alan Friedman from the Holt Planetarium,
Berkeley, CA developed, that dealt with the same topics
bu t in a very dUf eren t way. Here, you'll see a change
from some of the things that Dr. Jack Fletcher did in his
study. Rather than using two versions of the same
program, I had two programs that tried to address the
same topic.
A problem in this study, as in any study, is
generalizing the results to other people and other
planetariums. I felt that it was necessary to include more
than just my own teaching situation. But in doing this, I
wanted each replication to be equal. To accomplish this
for the traditional Star Show program, the script was
recorded, all the slides were produced, and a complete
research kit was sent to the participating planetariums so
that they had slides, tape, music, everything that seemed
to keep that program identical. However, how do you
keep a participatory program if not identical, at least

close to the same, from place to place? What I chose to
do was draw from the list of people who attended the
three-day participatory oriented planetarium program
workshop that was held at five locations across the
United States and involved about 100 people. From this
list, 20 people were picked and sent letters as king them if
they would please participate. Many people could not
participate for various reasons, but fortunately some
could. In the end, five people from widely separated parts
of the country were involved in the study. These five
people then, at least had a minimum background in using
the Participatory technique. I then sent to them the
detailed script and slides necessary for the program. Thus
these five planetariums were able to present both
programs and keep them the same in each of their
presentations.
The Research Design. One of the questions under
consideration in the study concerned whether either
treatment was going to increase students' knowledge. To
address this question, there had to be some type of
pretest. However, when you pretest, sometimes you are
going to influence the students; so I chose a research
design (a modified Solomon Four Group design) in which
some groups are pretested and some groups are not
pretested but everyone is post-tested. This type of design,
including a random assignment to the groups, would
address the problem of pretest sensitization.
The tests themselves consisted of an attitude test
and a content test. As Dr. Jack Fletcher mentioned
before, it's very difficult to find a test that is already in
existence that will deal with the concepts under
investigation in a study. Therefore, an appropriate content
test was constructed. Five different planetarium directors
and science educators made comments on the test as it
was going through its construction phases. Finally it was
judged to be valid. It was also examined in a different
way for validity. Since the test was dealing with
constellation study and some people argue that a
paper-and-pencil test may not be appropriate for this
topic, students were group tested and then individually
tested in the planetarium. The individual test scores were
correlated with the group test scores and they produced a
correlation figure of .86. Thus the Astronomy Content
Test appeared to be a valid measurement of the concepts
involved. The test was also judged to be reliable by
testing students, and then a week later testing them again
(without any intervening astronomy instruction). The
results of the two testing sessions were compared and a
correlation
figure
of
.88
was
obtained.
The
Kuder-Richardson split half method produced a
correlation figure of .745, for reliability as well.
For the attitude measurement, rather than trying to
develop a new attitude measurement for astronomy, a
science attitude test was chosen from those few already
published. This particular instrument was published in
School Science and Mathematics (73,
November
1973:647-652) by Thomas Fisher and was designed for
junior high science; however, it was slightly modified for
this study by making it more specific, to one particular
science-Astronomy. In the test, references to the word
"science" or "science classroom" were changed to
"astronomy" and "planetarium" respectively. The test
itself was a 5-point Likert scale. It was arranged from
"complete agreement" to "complete disagreement." The
statements were read aloud during the testing session so
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that if there were any differences in reading abilities, this
factor would not affect the test results.
The Research Results. In all, 556 students were
tested in five different states. In the main study, 324
third grade students were involved. This was the entire
third grade popUlation of the Methacton School District
and included students judged to be academically gifted as
well as those needing exceptional help. In all cases,
students were randomly assigned to their groups. In
analyzing the results of the main study and the four
smaller replications that were conducted in California
Minnesota, Nevada, and Texas, there was a great deal of
agreement.
In all five studies, the "Participatory" program
proved to be superior to the "Star Show" program as
measured by the Astronomy Content Test. In the
Astronomy Attitude Test, the "Participatory" program
was statistically shown to be superior in the main study
and in one of rhe smaller replications as demonstrated by
the Analysis of Variance. There are various reasons why a
statistically significant difference did not occur for the
others. In my opinion, the major reason involved the
num ber of students tested in the smaller studies.
Although the difference between the treatments was as
great for the smaller studies as it was for the main study,
the fewer num ber of students tested changes the
statistical requirements for significance.
Finally, some of the conclusions. Taking a look at
all of the statistical tests that were done, each of the four
null hypotheses were rejected. The treatments (the "Star
Show" and the "Participatory Oriented Planetarium") can
change content knowledge; they can change attitudes, but
one is definitely better than the other, and that turned
out to be the participatory program. Also (a surprise to
me) the use of the pretest did not affect the results at all.
The study utilized a rather detailed design to address the
problem of pretest sensitization and as it turned out, it
wasn't necessary.
The final general conclusion for this research study
is that, "For a smaller educational planetarium, the
participatory oriented planetarium program is clearly
more effective in teaching constellation study and
changing attitudes about astronomy and the planetarium."
BISHOP,
DR.
JEANNE
WESTLAKE
SCHOOLS
PLANET ARIUM
Like Jerry Mallon, I made a previous presentation
on the research that is a theme of my dissertation as well
as on two previous studies. This morning I would like to
talk just about participation research with an eighth-grade
population, my dissertation research. I'm going to
describe today more about the hypotheses and the
methods that I used than I was able to on Monday. Then
I stressed the idea of projective astronomy concepts, and
it is what I emphasized in my evaluation for all my
studies. Briefly, projective astronomy concepts are those
\\illich involve a dual perspective, looking from the outside
and looking from the inside, and putting those together.
It takes a lot of "one point of view" kinds of ideas and
concept understanding abilities before you get to that
highest level of projective astronomy. I was trying to see
not only if the projective astronomy concepts were
learned, but also whether single perspectives were learned.
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I had a total of 29 different research hypotheses,
and I'd like to summarize them. Six hypotheses related to
the effects of two different types of planetarium viewing,
comparing an experimental unit with a traditional unit.
However, the traditional unit wasn't exactly' "traditional,"
because many planetariums don't use notetaking. My
"traditional" method was a note taking situation where I
used slides and transparencies in order to convey the
different concepts. I compared the notetaking and slides
and transparencies unit with one which I devised based
on the analysis of learning theory and some previous
studies. I'd like to give credit to Linton Pitluga. I don't
think many of you realized that he was one of the first
people to try a study with model manipulation by
students within the planetarium. He did this with fifth
grade students and found that it was a good method, but
he didn't test for projective astronomy concepts. Model
manipulation, student drawing of what is seen, and use of
an exploration-concept introduction-application (learned
by concrete experience) promoted by Robert Karplus and
others,. which Alan Firedman has extensively promoted
in his workshops, and a few other methods I extrapolated
from learning theory -these were the basis of the
experimental method used in contrast to the notetaking
method.
I also had eight hypotheses that related to the
effect of individual topic lessons within the unit. The six
previously mentioned related to the unit generally, and
they included the criterion of retention as well as
immediate achievement. What were the individual topics?
In sequence, they were the celestial sphere and the Earth
rotation, the seasons, lunar phases, and planet positions
and motions.
I had five hypotheses which related to the effect of
gender. Another three hypotheses related to the effect of
previous model manipulation experience that was
completed in the sixth grade. The previous modeling
experience turned out to be very important. I didn't
mention it on Monday due to lack of time.
There were five hypotheses related to the
percentage of students who could correctly respond to 75
percent or more questions on the various post-tests. Very
frequently in analyses we just check one method over
another and examine for a significant difference. I was
interested in whether the majority could achieve mastery.
Piaget has established a criterion level of 75 percent
achievement for mastery on a particular test. I think I
transmitted a rather negative idea of my methods on
Monday because then I reported that the students were
not able to achieve mastery. I am sure that low
percentages of mastery resulted from the difficulty of the
objective concepts, rather than experimental methods.
Two of my hypotheses related to the effect of the
unit of either type over no unit at all in the control
group.
In my population (all eighth graders), there were 75
students enrolled in classes under one science teacher in
one school. There was also another science class in the
same school under another science teacher. The single
class was included in the study as a control, receiving
spatial and unit tests, but no instruction. I randomly
divided all the students in three classes under one science
teacher and in this way achieved good internal validity

from the standpoint of what attitudes, skills, and
information were given in the classroom. I was the only
teacher for the unit-again, giving good internal validity,
but-not the good external validity present in Jack Fletcher's
and Jerry Mallon's studies. Incidentally, Jack's study
helped guide me because he had found that the invididual
teacher was so important. For this reason, I limited my
study to only myself as instructor.
There were six post-tests altogether. I initially began
with the idea that I could give a pencil-paper test utilizing
flat diagrams only. I planned to draw diagrams of the
perspective as seen from outerspace and the perspective as
seen from the planetarium to accompany questions.
However, a study that was done by Ted Smith, reported
in 1978 at the IPS meeting, helped me decide on a
different procedure. Ted Smith's study illustrated that
when a student is not familiar with the transfer between
the planetarium sky and the diagram, then the test is not
valid. So I redesigned the tests with the gracious help of
seven experts and felt confident of my tests' validity.
Questions were read aloud in the planetarium, and
wherever there was a need to have a view of the
planetarium sky, it was shown. Students were tested after
each topic, after the unit was completed, and six weeks
after the unit was completed.
It is a difficult testing situation. But I urge you, if
you anticipate doing planetarium research, to make sure
that the students are able to go back and forth between
the diagram and a view of the planetarium sky. Maybe
you can teach that skill first then go to the test.
My results were as follows: First, although there
was no differen·ce on the immediate post-tests of each of
the topics, and no difference on the immediate unit test,
there was a significant difference in retention between the
immediate and post-test on the part of the students who
had the experimental method (using model manipulation,
drawing,
and
exploration concept
introduction-application) and the control group. There
were significant correlations between spatial ability as
determined by a spatial test given initially and
performance on the astronomy tests. People who
originally had high spatial ability performed better when
instructed in basic astronomy concepts. Ususlly they were
the boys. If the girls had high spatial ability, they did
better on the test too, but more boys have superior
spa tial a bili ty .
Students who had been in the school that had been
involved in the sixth grade unit where they had lunar
phases with model manipulation two years earlier did
significantly better on the lunar phases topic post-test.
This demonstrates that even though I was unable to get
sixth graders to master the projective concept of lunar
phases two years earlier, these students performed a lot
better later on. So there are beneficial effects of early
introduction in our curriculum of topics too difficult for
the majority to master.
A gender effect in the experimental group was
found. The boys improved significantly more than the
girls if they were in the experimental group. The boys
adapted well to learning by the hands-on, drawing, and
exploration methods. One recommendation I would give
relating to boys and girls, based on results, is that in our
planetarium presentaiton we focus more on the
opportunity for girls. to use their spatial ability.

Frequently, they don't like spatial methods and thinking
and must be prodded. Ask them pointed questions about
things to the right and to the left, in front of them and
so forth as related to your planetarium program. If you
can't have everyone manipulating models, get them to do
a little demonstrating with you. Get them involved,
because they get turned off easily to both astronomy and
any other topic in science where spatial ability is used. It
is a moot question as to whether the condition is a
cultural or environmental or genetic result, but we ought
to recognize that it exists.
Finally, I found that students enjoyed the
experimental method more. It is possible that this positive
attitude is linked to the greater retention found for
students in the experimental group.

DR. ALAN 1. FRIEDMAN, LAWRENCE HALL OF
SCIENCE
Research has spoken. We have heard three careful
studies performed to tell us what our planetariums do to
visitors. Let me give you an example of how an individual
educator like me has used this information. Then I'll give
you and the panel an opportunity to make comments and
ask questions.
Our researchers have some clear results to give us
about a certain technique and its effectiveness, or lack of
same. Six years ago at the Atlanta IPS meeting, I was
touting the participatory technique as the savior of the
planetarium. I thought it was such an overwhelmingly
successful and clever and theory-supported idea that all
we had to do was simply release scripts for participatory
shows and planetarium education would move rapidly to
improve science literacy in the United States. It is now
clear that I was wrong. Jack's study shows the technique
all by itself is not sufficiently powerful to make major,
easily observed change. So now I don't believe in just
getting participatory scripts together and publishing them.
I could say, "well, Jack's study didn't really show that in
all cases . . . " but I've now got one piece of evidence of
ineffectiveness of that plan, but I don't have any evidence
in the other direction.
What I also know, however, through Jerry's study
.and then from Jeanne's study is that with proper teacher
preparation, the participatory technique can be effective
and can improve student scores. So, what my group at
the Lawrence Hall of Science is doing now, through the
pu blication of a detailed workshop guide, is to assist
planetarium educators in becoming proficient with the
technique.
In allocating resources (time and money) for the
improvement of planetarium effectiveness, we now have
evidence to guide our decisions. Digital music, lasers,
automation-what do they do to visitors? I don't know,
and I don't think anyone else does either. There is so no
research arguing for or against these techniques. But
efforts to learn how to use audience participation are
supported. If you are a believer in other strategies, the
research presented today gives you a model of how to put
your favorite technique to the critical test.
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DISCUSSION
(The moderator apologies for any errors that may
have occurred in transcribing and abridging the following
discussion from tape.)
TOM
HAMILTON,
WAGNER
COLLEGE
PLANET ARIUM
There was a major U. S. aid program funded
through the Education Department and done in the
southern part of Iran, and the results of the work included
an adaptation of an intelligence test to the Iranians. At
this time the males were 87 percent illiterate and the
females were 98 percent illiterate. It's changed quite a bit
thanks to the Shah. The survey expected to find that
females would be better on spatial relationships than the
men because the females as children are the ones who
make Persian rugs, which have beautiful designs in them.
What they found is that the women were poorer than the
men on spatial relations. The study did not show why
that was, but here you have a case of a culture where the
women were expected to be better on spatial relations
and turned out worse.
AUDIENCE
I'm also intrigued by the spatial relation thing. I've
heard that spatial relations correlate with success in
science. College students who had good spatial ability
tended to do well in science, and I think maybe that part
of your study, Jeanne, would be the thing to carryon
with perhaps a larger sample. I'm particularly intrigued by
the sixth graders who came back later. I believe you said
that they seemd to be at some advantage in doing spatial
relations a year later. That might be one of the things
that we do best in the planetarium. Perhaps we should
zero in on and do continued research in that area.
JEANNE BISH OP
I think this can be a very powerful rationale for our
existence as we talk to our administrators in these days of
difficult budgeting. Why are we important? We're
important not only because we teach astronomy,
multi-disciplinary astronomy, but we are also important
because we can provide experiences which promote this
very basic aspect of intelligence.
GARY LAZICH, CERNAN SPACE THEATER, ILLINOIS
I have a specific comment for each of the speakers.
Jack, your research seems to indicate that all you need to
do is hire a good teacher and turn him loose, regardless of
the number of special effects. That confuses me. Jerry, if
I understood right, you said that the same number of kids
had their attitudes affected regardless of the size of the
sample, that there was not a significant difference except
in one of those four smaller studies. Did I interpret that
right?
JERRY MALLON
In the analysis of variance, the Methacton study and
the Minnesota study showed a difference in favor of
participatory planetariums when all of the students were
compared. The Minnesota study was a smaller study, but
there was a larger difference there than in the others. In
the others, the difference was about the same as it was in
the large study, but the number of students was smaller.
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AUDIENCE
I would really be intrigued to find out if there are
important factors like the socia-economic status of the
community, perhaps family encouragement. It could be
that you are getting kids that are already predisposed or
not predisposed to participatory techniques.
JERRY MALLON
The study did take a look at different populations.
My district includes two suburban townships, one rural,
and one bedroom community. Also, one of the studies
was done in St. Paul, more of an urban study. One study
was done in Reno; one study in a California parochial
school. So that there was a sampling of different
popUlations as well. For the most part, the studies all
agreed pretty much on the results.
GARY LAZICH
Jeanne, I was very glad to hear your comment
about the women's study. I wasn't aware that it existed.
The Cern an Space Theater had incorporated a set of those
interactive models (moon phases and retrograde motion)
in our schools programs, but we've pretty much
abandoned the use of those models simply because of the
difficulty of getting them in and out of the theater. It
used to be that we would have a class for an entire hour
and spend a fair amount of time with different methods
such as you've done. Now we are trying to limit our
programs to 45 minutes and turn classes around more
quickly. As a result, we've had to sacrifice some of the
educational quality. We now have programs with a little
bit of interaction, but with no chance for the students to
manipUlate models.
JEANNE BISHOP
My programs were 40 minutes long. There were
three back-to-back. In other words, I had to have the
models put away and get them out again within five
minutes, and do that three separate times in a particular
day, in this study. It is possible. I had places within the
planetarium where things (like clay, pencil sharpeners,
ring, etc.) were stored. There was a rather involved plan
beforehand of how this would be distributed and how it
would be collected. It worked. It's a lot more work to do
the best kind of job you can, but it does make a
difference.
GARY LAZICH
The state of research in the multi-image field is
about what it is here in the planetarium field. There are a
few studies that have been very limited. It's hard to
generalize out of them. One of the most recent studies
involves finding out whether producers and directors are
finding this research significant. One of the preliminary
results seems to indicate that producers pretty much
disregard the research; that they pretty much go and
produce by intuition. Maybe that has some implications
for us in the planetarium. I wonder how many of us are
paying attention to the research or ignoring it and doing
what we feel like doing.
I get the impression that there is a dearth of
research in public show attitude-change, and maybe we
need some more of that.

JACK FLETCHER
I'd like to comment on what you said about my
study concerning the teachers. I didn't determine
wheether one teacher was good or bad. The study simply
showed that there were significant differences between
different teachers. This is not too surprising, however,
because if you go back to the literature and look, you'll
find that back in the early 1900's, there were already
studies establishing the fact that there were significant
differences between teachers. The reasons are numerous.
Perhaps some teachers, as Jeanne said, are willing to put
the materials out and get them back out in five minutes,
and some teachers are not. So, I didn't try to say one
teacher was better than another; I was just establishing
the fact that there were significant differences in the
teachers that I had in my study.

ALAN FRIEDMAN
You're not saying one teacher is better than the
other, but that some did get better results than others.

ELOISE
KOONCE,
RICHARDSON INDEPENDENT
SCHOOL DISTRICT, TEXAS
I've got to add my two cents here. I think I can
answer one of your questions as well. I participated in
Jerry's study, and my group showed 19 students didn't
like participatory programs. The thing that the study
didn't show was that the kids like the planetarium before
they ever got into the study. This we found by going
back and talking to the teachers. I had a very long talk
with the five teachers that participated in the study. That
particular grade school was adjacent to the planetarium.
They feel like they're special because they have a
planetarium on their playground and none of the other
schools do. They like the planetarium; they had been to
the planetarium for a participatory program the fall before
this was run in the spring, unfortunately. It wasn't that
the participatory program students didn't like the show,
but that students who viewed the passive star show also
had a good attitude. Do you see the correlation there?
That's one of those things that unless you were on site
and talked to the teachers, the result would not come out
in these studies. The teachers told me that (this is the
third grade group) in the taped lesson children were
restless. It was far too long for their attention span. Lots
of them went to sleep. As far as the teacher's feedback
was concerned, they were really amazed if the students
learned anything at all. They thought that the
information asked for on the test was information that
students had prior to the program.

CORRECTION
In our What's New feature, Planetarian, V. 10, No.
3 (last issue) it was stated that SCIENCE GRAPHICS
was formerly called NORTON SCIENTIFIC. We have
been adivsed that although Mr. Norton was indeed the
founder of each company, SCIENCE GRAPHICS is a
completely new and independent organization,
unrelated to NORTON SCIENTIFIC.

JERRY MALLON
I'd like to make a comment on the attitudes. Across
the board, whether the people were involved in a
participatory or star show program, when all of that data
is combined, the attitudes towards the planetarium itself
is very high. On a five-point scale, the average was 4.24.
Again, that's amazingly high. That says a lot about what
we're doing as well.
One of the other comments is that even though the
Texas study showed a difference in the pretest and
post-test for that group, when the analysis of variance was
done for all four groups there was not a difference.
ALAN FRIEDMAN
Panelists, do you have any closing remarks?
JEANNE BISHOP
I do want to point out that I also administered
attitude measures. Attitude was significantly more positive
in the participatory lessons. I used a technique that many
of you may know of. It's called multiple linear regression
and more and more studies in education, in social
sciences, are using this. Why? Because there are so many
variables to be considered. What you do in a multiple
linear regression is parcel out the effect that's due to one
particular factor or aspect. I recommend MLR for all
future planetarium studies.
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SCIENCE GRAPHICS was organized in order to
develop new and innovative approaches in science
teaching slides. Because of this, Dick Norton felt that a
completely new organization was warranted.
Incidentally, in addition to the information stated in
our last issue, SCIENCE GRAPHICS has just issued
their new catalog M, offering a wide selection of
meteorites, including some hard-to-find kinds as well as
large museum specimens.
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Methacton S. D. Planetarium, Arcola Jr. High School
Eagleville Road, Morristown, PA 19401

The use of Mathematics pervades most areas of our
life. From music to medicine, math concepts are
necessary components. Unfortunately, many secondary
studen ts (and adults for that matter) do not see the
connections between mathematics and other areas,
therefore it is very important to provide students with
opportunities to experience practical applications of the
concepts they study in math class. The planetarium can
provide many excellent examples for this process.
Below is a lesson plan by Lee Ann Hennig of the
Fort Hunt High School Planetarium in Alexandria,
Virginia. This plan details the use of the planetarium in
presenting the concepts of "Estimation and Proportion,"
two important math concepts, and an integral part of
many areas of life.

MATHEMATICS CONCEPTS IN
THE PLANETARIUM
lee Ann Hennig

Fort Hunt High School Planetarium
Alexandria, Virginia 22308
ESTIMA TION AND PROPORTION
Purpose: to apply the technique of random sampling in
estimating large num bers, and to examine the
process
of using proportions in estimating
sub-groups of large num bers.
Grade: Algebra or General Math
Materials: pencil, data sheet, star count window
Preparation: planetarium set for evening sky at observer's
latitude; data sheets and pencils distributed to
students
Behavioral Objectives:
By the end of the lesson, the students will be able
to:
1.
estimate the num ber of stars in the
planetarium sky.
2.
determine the proportion of stars visible in
the planetarium sky to the stars visible in the
real sky.
3.
analyze the practicality of estimation when
dealing with large numbers.
4.
relate the technique of estimating large
num bers to problems other than star counts.
5.
explain the necessity of using random
in estimating large numbers.
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Presen ta tion:
Introduction-Mathematicians
and
scientists
frequently encounter situations requiring them
to deal with large numbers. In some of these
cases only an estimate is needed-not an exact
count, and in certain circumstances counting
individual objects is impossible or impractical.
Today we will examine some methods of
estimating large num bers.
A. [dim lights to 1/2 brightness]
"Let's start with the sky the way we
might view it from our latitude about an
hour after sunset on a clear evening.
How many stars do you think are visible
in the sky you are now observing?"
Have the students write down their estimates.
Inquire of several students how they arrived at their
answers. Replies may include:
a.
a simple guess.
b.
an actual star count.
c.
an estimate.
Discuss the advantages/disadvantages of the methods
brought forth by the students and then lead them into an
analysis of the estimation technique: dividing the sky into
sections, counting the stars in one section, multiplying the
sectional star count by the estimated number of equal
sections to arrive at an estimate of the total number of
stars visible in the sky.
B.
Divide the class into five (5) groups and
designate a section of the sky to each
group (north, south, east, west, zenith).
Give each student a 10" square
cardboard window and inform them that
if the window is held at arm's length,
the students can view approximately
1/50th of the planetarium sky.
Have each student make a star count in his group's
designated area of the sky (enter on data sheet). Students
should discuss results within the group and analyze
differences in star counts.
Then have each group determine the average
num ber of stars visible in their area of the sky by adding
all individual counts and dividing by the number of group
members.
Next determine how many stars would be visible in
the entire sky using their average count as I /50th the
total.
Have each group report its findings of an estimate
of the total number of stars visible in the entire sky based
on the group average.

Discussion:
"Why are the estimated numbers from the groups
differen t?"
Considerable discussion should follow concerning
the factors responsible for the variations in estimates: (for
example)
a.
different sections of the sky
b.
non-uniformity of star density
c.
counting accuracy
d.
eyesight
mathematical errors
e.
f.
inaccuracy of measuring device
"Based on the information we have before us in the
data table, how could we make a more accurate
estimate?" [Take the average from each group for the
total number of stars visible in the entire sky and divide
by 5]. Discuss the term random sampling and its value in
the estimation method.
Conclusion:
[dim lights all the way down] Let the students
know that the planetarium projects approximately
1,350 stars (for the Spitz A3PjA4) and that they
are actually viewing only 1/2 that total number.
Have the students note how that number compares
to their earlier star count estimates.
"Under optimum viewing conditions you can see
about 8,500 stars at one time in the real sky."
Ask the students to calculate the proportion of
planetarium stars to the num ber of stars in the real sky.
Ask for suggestions as to other examples of proportions
which could be demonstrated using celestial objects:
a.
bright stars vs. faint stars
b.
stars of a particular color
c.
types of stars (spectral class, evolutionary
stages, etc.)
d.
types of galaxies
e.
distances of stars vs. type
Finally, "How could this technique of random
sampling in estimating large numbers be applied to
problems other than star counts?"
Estimating:
a.
crowds
b.
polls (political, T.V. ratings)
population sub-groups
c.
crop yields
d.
e.
animal population
f.
blood count
g.
surveys
air pollution samples
h.

continued from page 2 LETTERS TO THE EDITOR
VOYAGER
2
SATURN
ENCOUNTER
PHOTOS
AVAILABLE FROM A.S.P.
Prints and slides of the new photographs taken of
Saturn, its rings, and its moons by the Voyager 2
spacecraft are now available from the Astronomical
Society of the Pacific.
(A world-wide, non-profit scientific organization,
the A.S.P. works to increase public understanding of
astronomy through its publications, resource materials,
and public programs.)
The Society has selected the most interesting
pictures from the thousands returned by the second
Voyager spacecraft and is offering them in sets of
high-quality 8 x 10" prints and 35-mm slides. Clear
explanatory notes and a table of results accompany each
set.
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REMINDER
Please remem ber that this column can only continue
to exist based on your support and contributions. Please
take a moment and write down the details of one of your
junior or senior high lessons. We will all benefit from this
shared communication. (It is recommended that you use
the following format in your submission:)
Title:
Purpose:
Materials:
Preparation:
Behavioral Objectives:
Presentation:
Please send your lesson plans to:
Dr. Gerald L. Mallon, Director
Methacton S. D. Planetarium
Arcola Junior High School
Eagleville Road
Norristown, PA 19401

Among the dramatic new images included in the
sets are:
~
views of violent ammonia hurricanes on Saturn,
a unique panorama of the rings as seen just
before the spacecraft plunged through their
plane,
~
a portrait of the bizarre moonlet Hyperion
(which resem bles a battered, 200-mile-wide
ham burger patty), and
a high-resolution photo of the sinuous glaciers
on the moon Enceladus whose surface may be
one of the youngest in the solar system.
For a full description and a price list (as well as
information about the Voyager I photos of Saturn and
Jupiter), please send a stamped, self-addressed envelope
to:
Saturn Encounter Photos A.S.P.
1290-24th Avenue San Francisco, CA 94122

*

*
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COMPUTER CORNER
Conducted by
DAN SPENCE

ON BUYING A MICROCOMPUTER
D. David Batch

Abrams Planetarium
Michigan State University
Ann Arbor; Michigan
Abrams Planetarium recently entered the computer
age; we purchased a microcomputer. There were anum ber
of areas, we reasoned, in which a microcomputer could
benefit us: astronomical calculations, interactive exhibits,
research and development of audio-visual automation,
office management tasks (information processing),
computer-assisted instruction for classes, and certainly not
least, staff familiarity with computers.
After studiously weighing the factors, we made our
decision and eagerly placed an order for a microcomputer
in November of 1979. The final component of the system
arrived in the fall of 1981, after nearly two years of
waiting. By the time our order was completed, our initial
excitement over the potential of the microcomputer had
dissolved into frustration.
Our "learning experience" has had some positive
aspects, however. We now know what not to do. That
puts us in a position to offer advice to colleagues
considering buying into the "computer revolution." This
paper is intended to help you avoid the pitfalls we
encountered.
First, let me establish to whom I am offering
advice. It would be presumptuous to attempt to tell
everyone how to buy a microcomputer. You, dear reader,
are envisioned to have little experience with computers,
but growing interest. You don't know digital electronics
from maple syrup (they are both rather sticky). You have
a vague notion about computer programming and may
even know some FORTRAN or BASIC, but you would
not call yourself a programmer. You do not have a
specific task in mind to be computerized, such as
"automating the planetarium carousels," although such a
project may have occurred to you. You are thinking of
the computer more as a diversion or avocation with an
eye toward how it might help you professionally. And
perhaps, you want to play PAC MAN until the wee hours
without feeding quarters into the coin slot.
I am further assuming that you are considering a
general purpose, so-called "appliance," microcomputer, one
that you buy off the shelf, take home, plug in, and with
a mlmmum of fiddling, get to produce something
meaningful. The price range we are discussing is around
$1,000.
Are you still with me? Then let's begin the search.
List of Desires
As a first step, try to determine as best you can
why you want a microcomputer. What do you want it to
do for you? Make a list. Arrange the list in order of
importance, the most significant reason at the top. Be as
honest with yourself as possible. Reasons such as
"because everyone else is getting one and I don't want to
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be left out," or "so I can play arcade games at home" are
legitimate, and can be useful in deciding what computer
to buy.
If near the top of your list is a very specific need,
such as: "provide 15 dimming steps for each of 13
carousels that can be controlled synchronous to the audio
track," then you need specific advice from an expert in
digital electonics. You are therefore excused from reading
the rest of this article. Go hire yourself a consultant.
Check the Literature
Once you have a handle on priorities, do some
reading. Check your library for magazines. By te, Creative
Co m pu ting,
Kilobaud
Microcomputing,
Popular
Computing, Interface Age, are some of the magazines
devoted to the appliance microcomputer. My favorite of
this list, for the novice, is Creative Computing. Also look
for beginners' books on home computers. A growing
selection of paperbacks is available on this topic. If your
library isn't stocked with appropriate titles, you can
purchase them at the local computer store or
newsstand-paperback bookstore. A forest of jargon greets
the uninitiated, and some reading is necessary to keep
from getting lost in terminology: CPU, courseware, ROM,
RAM, byte. We will define only a few elementary terms
in this paper.
Popular Brands
After you feel somewhat conversant, you are ready
to
do
some
comparison shopping. Limit your
investigations to popular brands. Currently that means in
the U.S. you should consider one of the following: Apple,
Radio Shack, Atari, Commodore, and at most one or two
others.
There are many important reasons for staying with
a popular brand. First, the world of computer electronics
is volatile, and companies frequently succumb to business
pressures, leaving their customers holding equipment that
no one else wants, and no one will service. Secondly,
with popular brands, you are assured of a vast network of
other people with the same computer and similar
interests, an army of comrades to assist in conquering
that microcomputer. Such networks have been responsible
for stacks of newsletters, magazine articles, and books, a
phenomenal variety of software (programs to run on the
computer), and peripherals (add-on devices), particularly
for the first two microcomputers listed above. The adage
about "power in numbers" was never more true than in
the field of microcomputers.
At the local level, this community of fellow
computer users takes the form of a computer club. These
hobbyist clubs almost always form around a specific
brand of computer. That is, one club is for TRS-80 users,
another Apple users, etc.
In the early days (the late 1970 's!) many of the
clubs organized out of frustration at the lack of
documentation (instructions, manuals) provided by the
computer manufacturers and a need to share ideas with
others holding similar interests. (That need should sound

familiar to everyone in the planetarium profession.)
These clubs can be a tremendous source of
information and consolation for the novice. And for a
newcomer starting out with few programs, the clubs
provide a rich marketplace for swapping software.
Attending a meeting even before purchasing your
microcomputer can prove advantageous. Members may be
able to offer money-saving advice.
To find out what computer clubs exist in your area,
check with people who sell microcomputers locally, look
in the phone book under "Computers," contact the local
college or high school and talk to a computer science
instructor. Your choice of which microcomputer to buy
should be heavily influenced by the active local users'
clubs available to you.
Where to Buy
From
whom
should
you
purchase
your
microcomputer? Buy locally if at all possible. The
tendency is to seek the lowest price (we all want the
most for our money), which usually means mail order.
But remember, you are a novice, and probably will have
many questions that are not answered by the information
provided with the computer. (Recall that documentation
is spotty in many instances.) Suppose for example, the
computer isn't acting quite the way you think it should.
Does it need repair or merely a proper instruction? If
your purchase was mail order, it will take (at a minimum)
a long distance call to find out. And if the computer does
need repair, you must entrust it to the postal service. In
contrast, local computer stores generally service what they
sell, often on the premises. Before buying from them,
check that this is so. Furthermore, asking questions
face-to-face is much more satisfying than asking them
long distance.
Additional incentive to buy locally may be available
in the form of an educators' discount. Be sure to ask the
proprietor. And if your school is contemplating purchasing
microcomputers, let that be known as well.
Now, with desires list in hand, we are ready to
tackle the crucial issue: Which microcomputer is best for
your purpose? Brace yourself. There is no perfect
computer. In fact, to the novice, one seems pretty much
like another! It's like trying to distinguish between Fords
and Chevys. To the mechanic there are important
differences, but to you and me whose primary interest is
in getting to the store and back, one will do about as well
as the other. So it is with microcomputers.
Software
Then how do you decide which computer to buy,
you ask. Shop for software. Determine what programs are
commercially available for the computer(s) you are
considering. Compare these programs to your desires list.
Try to see the programs demonstrated that are of
particular interest to you. (The computer club or local
merchant can help here.) Make sure a program does what
you think it does and that it can be operated by someone
without a degree in computer science. Descriptive material
alone (advertisements, reviews, etc.) is rarely enough to
judge the value of a program.
A program called VISICALC illustrates the
importance of software in buying a computer. This
program creates an electronic spread sheet that allows the
user to set up a table of information (such as a school
district's salary schedule) and then change one variable
(such as the percent of salary increase) and automatically
have each table entry changed accordingly. As you might
guess, business fell head over heels for the program. When
it first came out, VISICALC only ran on the Apple
computer. I've not seen an exact count of the number of
people who bought Apples strictly to have VISICALC,

but rumors are it was substantial. Today every major
microcomputer has its own version of the VISICALC
program.
Those businessmen bought Apples not because og
the computer but because of what it would do. So should
you.
But you were planning to write all of your own
software, you say, not purchase it. Indeed, you should
want to learn to do some programming, but to become
sophisticated at it requires a great deal of effort. And
even if you get good at programming, anything above a
trivial level takes an enormous amount of time. Believe
me, you will want to buy most of your programs.
One mistake frequently made by first-time
computer purchasers is not allowing sufficient money in
the budget for software. A good rule of thumb is to set
aside an amount of money (and/or your time) equivalent
to the cost of the hardware. Businesses which use
computers consider this the minimum level. Typically
they spend two to three times more on software than on
hardware. The point is that buying the computer is not
the end of your expenditures. To think so is to be rudely
awakened.
If, after carefully weighing the factors previously
discussed (popular brand, available software, local club,
local service), you are still having difficulty deciding
which microcomputer, there are some minor differences
among models which might influence your purchase. My
firsthand experience encompasses the Apple II, TRS-80,
Atari 800, and PET 2001. Before looking specifically at
each of these models, we should define some of the
terminology common to all microcomputers.
Anatomy of a Micro
BASIC: All of the microcomputers we are appraising
receive information from the user through a
typewriter-style keyboard. The words and rules
which the computer understands and can execute
make up a computer language. Microcomputers,
almost universally, are programmed (at the factory)
to understand the language called BASIC (an
acronym for Beginner's All-purpose Symbolic
Instruction Code). Unfortunately, the BASIC that
one model of computer understands is not identical
to the BASIC that another computer understands.
The microcomputer industry suffers from lack of
standardization throughout. But the differences are
usually minor, and learning one version of the
language will allow you to quickly translate to
another "dialect."
INTERNAL MEMORY: To be functional, a computer
must have a means of storing information; it must
have memory. The electronic components which
allow internal storage are referred to as ROM
(read-only memory) and RAM (random access
memory). ROM is programmed at the factory. The
user can retrieve what is in ROM and use it, but he
cannot change it. An important feature of ROM is
that it retains its contents even when electrical
power is turned off. The instructions that allow a
microcomputer to understand BASIC are frequently
in ROM.
RAM is sometimes called "user memory"
since the programmer can put things into and
take things out of this memory at will (if the
power
is
on).
"Random
access"
is
inappropriate terminology; ROM is also
random" access, meaning any piece of
information can be retrieved directly without
sorting past other information.
Imagine memory as a wall full of post office
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"pigeon holes." Each compartment can store one
piece of information. For computers, this amounts
to one character per compartment-a letter, a
number, a symbol. The user, in random access
memory, is allowed to go to any compartment
directly without starting at the upper left
compartment, say, and scanning past all of them in
left-to-right, up-to-down fashion to find the desired
compartment. The term "byte" refers to an
individual compartment in memory. When someone
describes a computer as having 16K of memory, he
speaks of having approximately 16 "thousand bytes
of user memory (RAM). Internally the computer
can store about 16 thousand characters; that's
around 16 typewritten pages. This is the amount of
information the computer can readily manipulate at
anyone time. An unlimited amount of information,
however, can be stored in external memory.
EXTERNAL MEMORY: The least expensive and most
common form of external memory for the popular
microcomputers is the audio tape cassette in
com bination with a tape recorder/player. The tape
cassettes can hold an enormous amount
of
information
very
inexpensively.
There
are
drawbacks, however, which cause most veteran
computer users to furrow their brow at the very
mention of cassettes. The two primary objections
are the slow speed associated with reading and
writing information to tape, and the unreliability.
But becaus~ the majority of software is sold on
cassette tapes, the beginner should have cassette
storage capabilities to take advantage of these
programs.
Unfortunately,
none
of
the
microcomputers reviewed here come with a tape
recorder; it is an extra-cost item. If you already
own a high quality audio cassette tape recorder,
chances are good you will not have to purchase
another to use with the computer.
The preferred medium for external memory storage
is the magnetic disk, often called the floppy disk or
sometimes, the minifloppy. The disk is a 5)4 inch
flexible plastic circle to which a magnetic coating,
similar to that on audio tape, has been applied to
one or both sides. The disk is housed in a square,
stiff paper envelope for protection. When the disk is
inserted into a disk drive unit, the disk is spun
rapidly while a read/write head scans radially across
it, thus giving very quick access to any part of the
disk. Disks are therefore much faster than tapes;
they are essentially random access. They are also
much more reliable. The hook is they are many
times more expensive: $500 and up for a single
drive unit, and you really ought to have two for
serious work.
Other means of storing information externally
are being developed but "the only serious
contenders at present are the cassette and
floppy disk. Most newcomers will start with
the cassette.
OUTPUT: The information written on cassette or disk is
in coded, magnetic form. To mean anything to the
user it must be digested by the computer and
displayed on a TV-type screen, called a CRT
monitor, or written out on a printer. CRT, as you
probably know, stands for cathode-ray tube. The
device looks like a TV but will not receive television
programming. Some microcomputers will, however,
allow you to use your TV as the monitor. The term
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"monitor" is not the best choice because a
particular kind of software for the computer is also
called the monitor.
If you want a permanent copy of the
information on paper, a printer is required.
Sooner or later every computer owner needs a
printer. The variety of printers to choose from
is large and getting larger by the month. Prices
depend on the method used for printing and
the optional features available. The range is
about $400 to $3,000.
CPU: One final part of the microcomputer should be
mentioned before turning to the reviews of specific
brands: the microprocessor, also known as the
microprocessing unit, the computer chip, the CPU.
CPU stands for "central processing unit" and is the
generic term for the part of the computer that
provides the processing and control functions,
whether it be a single integrated circuit as with
microcomputers, or a cabinet full of electronics.
"Processing" and "control" have specific computer
science definitions but all we really need to know is
that the microprocessor is the "brains" of the
computer. Without the other parts, however, and
without programs written by humans, it is useless.
Knowing the manufacturer or model number of the
microprocessor is also superfluous, unless you want
to be part of the in crowd and speak computer
jargon. It is enough to realize that the
microcomputer has one of these inside the keyboard
unit somewhere and that it works.

Now let's look at each of the major brand
microcomputers individually.
APPLE: A quality product from the beginning. When
others were selling what amounted to prototypes,
Apple offered a well-designed, rugged, versatile
computer. Furthermore they have always provided
excellent documentation (user handbook, operating
manual, etc.); the company seems to continue to
care about you after you've bought the computer.
The Apple II is the most versatile of the popular
brand microcomputers. It is easily adapted to a
wide range of uses, from producing color graphics
to automating carousel projectors. The Apple is a
special favorite of folks who like to build their own
digital circuits and attach them to microcomputers.
The Apple is set up so that users' printed circuit
boards can be plugged in with a minimum of fuss.
Two versions of BASIC are available on the Apple;
most people get the one that does floating point
(decimal) arithmetic, called Applesoft. Applesoft
BASIC is a medium-to-powerful implementation of
the language, suitable for all needs you are likely to
have. The Apple II is the most expensive of the
popular brands, especially if you need to buy a
color CRT monitor as well. Current price with 16K
of memory is over $1,200 without monitor. The
computer comes ready to hook to your home color
TV, so an extra monitor is necessary only if a
household conflict develops.

TRS-80: The early models were grim, gIVmg rise to the
nickname "Trash-80." But a nationawide sales
network and good value sold enough computers to
allow those initial problems to be corrected. The
current Model III is an excellent machine. To me,
the strongest selling point is the number of other
TRS-80 owners, currently around 300,000. That is

substantially
more
than
for
any
other
microcomputer, perhaps as many as all others
com bined. So many owners means more literature
available, more programs available, more add-on
devices available, etc. And no matter where you buy
one, service is as close as your nearest Radio Shack
store. For $1,000 the Model III includes 16K and a
built-in black and white monitor. The Model III
version of BASIC is the best of the popular brands,
although its graphics (ability to draw pictures and
graphs) and resolution (size of the picture elements)
is the worst.
ATARI: A relative newcomer to the general purpose
microcomputer field, Atari is well-known for video
The company has incorporated this
games.
technology with excellent color graphics to make
their model 800 the best of the popular computers
for gaming. But the 800 is much more than a video
game; it competes favorably as a computer with any
of the popular brands. At the time of this writing
their BASIC is medium-to-weak, however a more
powerful BASIC cartridge is reportedly ready for
marketing. Atari used plug-in cartridges, much like
the video game cartridges, for the BASIC, as well as
for the games, instructional programs, additional
memory. Changing to the enhanced BASIC will be
as simple as snapping in the new cartridge. Like the
Apple, the Atari comes ready to plug into a color
TV. Retail price for the 800 with 16K is just under
$1,100, although it is often discounted; CRT
monitor, if needed, is extra. Look for this computer
to be very popular.
PET:

Commodore conceived a good microcomputer in
1977, then left it to survive on its own. Fortunately
there were many surrogate mothers (hobbyists) in
those early days, willing to nurture the baby. An
underground users' network emerged to discover all
of the information Commodore should have
Consequently the
baby has done
provided.
handsomely. The early version had a calculator style
keyboard that caused touch typists to color the air
blue, but school children seemed to like it (after all,
how many school children can type). The keyboard,
cassette recorder, CRT, all-in-one-unit design with
only one cord to plug into the wall made it a
favorite
with
educators.
The
three-for-the-price-of-two offer to schools helped as
well. A medium-to-powerful BASIC coupled with
excellent graphics that are easy for a beginner to

use has continued to make the PET popular
(advertisements state it is the most popular
computer
in
Europe).
The
price for
the
standard-sized-keyboard version with 16K is about
$1,000 (Model 4016). The B&W CRT is included,
but the cassette was taken out of the later versions
to make room for the larger keyboard.
THE OTHERS: There is a group of modestly-priced,
heavily-advertised computers. The Commodore VIC
20, Atari 400 and Radio Shack Color Computer are
examples. They all represent a less expensive way of
getting into computing, and they are a good value
for some people. By all means check their features
against your "wants" list. My belief is that before
long most of you will want those extra features that
were removed to bring the price down: additional
memory, extended language. Be sure to look at the
cost of the upgrades and the ease with which they
can be made. Many of you will find it better to
have those features from the start. Remember also
to take into account the amount and type of
software available and the num ber of local owners
with whom you can share information.
As you see, the differences are not great, either in
price or in features. The important point to remember is
keep the emphasis on what the computer can do for you
and the ease and expense with which it does those tasks.
Couple that with the other suggestions offered in this
paper, and you should now have the confidence to start
the hunt in earnest, with a visit to the nearest computer
store.
Your Role in the Revolution
Perhaps you noticed that nowhere in this paper has
the question been raised of whether to buy a
microcomputer. Implicit in my offering advice is the
suggestion that every person in the planetarium profession
ought to become informed about this new technology.
Desktop microcomputers have brought all of those joys
and fears of computerized society a step closer. Future
computer technology and its use is going to require hard
decision by a well-informed citizenry. We, as interpreters
of science to the public, should be among the best
informed.
The
alternative is to allow,
through
indifference, a few specialists to make decisions that will
shape 21st century society or to allow decisions to be
made on popular appeal rather than rational judgment.
We need to become informed. Buying and learning to use
a microcomputer is an excellent way to partially fulfill
our obligation.

continued from page 27
The field of perceptual psychology is extensive, and
there is much more that could be noted which could be
useful in planetarium program preparation. The following
references are excellent for finding additional information.
Allen, R. W. and M. L. Hershberger, "Telescope Field of
View Requirements for Star Recognition," Human
Factors. February, 1966.
Gregory, R. L. and E. H. Gombrich. Illusion in Nature
and Art. New York: Charles Scribner's Sons, 1973.
Haber, Ralph Norman. "How We Perceive Depth from
Flat Pictures," American Scientist, July-August,
1980.

"Image, Object, and Illusion," Readings from Scientijic
American. W. H. Freeman and Co., 1974.
Kolers, Paul A. "The Illusion of Movement," Scientific
American, October, 1964.
Miller, George A. "The Magical Number Seven, Plus or
Minus Two: Some Limits on Our Capacity for
Processing Information," The Psychological Review.
March, 1956.
Murch, Gerald M. Visual and Auditory Perception.
Indianapolis, IN: Bobbs-Merrill Co., 1973.
Yilmaz, Huseyin and Lewis C. Clapp. "Perception,"
international Science and Technology, November,
1963.
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ASTRONOMY AND THE MICROCOMPUTER IN RURAL U.S.
Everett Q. Carr

Herkimer BDCES Planetarium
(Reprinted from the LA.U. Commision 46 Newsletter
March 17, 1981)
Microcomputers with 8 kilo by tes (8K) or more of
random
access
memory
(RAM)
have
numerous
applications in astronomy education. These uses include
star catalogs, computer generated ephemerides, weather
forecasting, stellar object horizon coordinates, telescope
control, constellation recognition, randomly generated
spectra for red and blue measurements and calculations
and the study of Kepler's Laws with animation. There are
computer simulations for multistage rocket design, rocket
launches and landings, interplanetary flight, interstellar
flight, and planetary exploration.
This year a group of 16 determined youngsters in
our planetarium's bi-weekly Elementary Honors Seminar
(ages 10, 11, and 12) used Commodore PET computers in
a simulation of the manned Mars Expedition of 2014
A.D., They had two 32 page manuals, one for spaceship
and rocket launch design, staffing and stores selection; the
second for planning the Mars colony design and the
plar.~t exploration for water, gas, and oil. At 9:43 a.m.,
they launched from Earth and executed a Homan transfer
orbit to Mars. They were to land on Mars, do a survey of
Solus Lacus region by Mars Flyer and Crawler and drill
for water and gas to a depth of 400 meters. They
returned to Earth at 2 p.m., in time for buses to their
home schools.
In our rural school system of 13 comprehensive
K-12th grades (ages 5-18) schools, the student
population totals 15,000 children. However, the smallest
school has 365 students and the larges 2,200. Right now
there are a bou t 135 PET com pu ters, one TRS-80, and
two Apple II computers in the system. I forecast there
will be 750 computers in these schools by 1984. How
that goal will be achieved is by no means clear. But the
same has been true since 1977 when the PET and the
original TRS-80 first appeared. Our schools found money
in remediation funds by using computers in the "basics"
of reading, writing, and arithmetic. Our current PET
program catalog for elementary school level lists over 500
commercial programs in these basics. These programs,
while not yet forming a complete curriculum for the
elementary school, are converging on that objective. A
complete single subject curriculum in arithmetic and
algebra will undoubtedly be available for a few thousand
dollars within 2-3 years.
However, the great concern for science education in
the U.S. has culminated in "A Report to the President"
of October 1980 made by the National Science
Foundation and the National Institute of Education. This
report traces the current U. S. shortage of engineers in
part to the emphasis on "basics" in the grade schools.
Basics have clearly been subsidized by science instruction
time. This report also attributes the 10% shortage of
science teachers to the more attractive salaries of industry
in competition for capable people with science
credentials.
For a long time observatories, using graduate
student manpower, have assembled stellar coordinate
catalogs in
frame and mini computers memory
banks.
servo loops the telescope positions
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indicated by incremental and absolute digital encoders
have been computer-controlled with high preCISlOn.
Today, inexpensive encoders can be made from
photographic position discs, infra-red LED illuminators
and phototransistor sensors which attach easily to the 10
to 20 cm diameter portable amateur telescopes with
motor drives. Microcomputers, like the PET and Apple,
can be powered from portable sources. The magnetic disc
memories with up to a megabyte of memory, store very
large programs or files and can be powered from portable
sources as well. So now, an amateur telescope with motor
drive, computer driven to a prescribed object and guided
during long photographic exposures can be assem bed for
under $3,000. By using the computer power, it isn't even
necessary to set up a telescope with exact alignment of
the axes. Instead, by pointing the telescope to a known
object, with a precision internal clock, the computer
continuously compensates for misalignment and aims the
telescope correctly.
Programs useful for astronomy education are, for
the most part, written for individual use. For example,
Dr. Richard Burg, while at Rochester Poly technical
Institute, Rochester, NY, authored the computer program
that produced random spectra to test students' mastery of
stellar classification. Dr. Robert Doyle of Frostburg
College and Planetarium, Maryland, has programmed a
TRS-80 with 4K of RAM that outputs a weekly planetary
almanac. Mr. Henry Blake of AZP Associates, Huntington,
NY has programmed the TRS-80 with 16K of RAM for
constellation recognition. Dr. Carlton Fredrick of Wolf
Corporation, Ithaca, NY has a constellation program
an NCR 5100 desk top computer with 32K of memory.
The constellation is displayed graphically, scaled to fit the
screen, computed from a star catalog contained in the
program's file.
Constellation recognition is also a favorite first (or
second) program for our students learning BASIC on
PET's. It exploits their ability at graphics and the
elementary techniques of constructing computer-aided
instruction (CAl) programs.
A compilation of a number of programs published
by individuals since 1976 in the popular literature is
included in the bibliography. An outstanding source of
low cost programs useful to teachers, including those in
planetariums, is Matrix Software, Big Rapids, Michigan.
The moving force at Matrix Software is Mr. Michael
Erlewine, a talented and prolific programmer. The planet
position pro'grams are available for TRS-80 and PET, and
Apple II computers.
The planet position programs are available with a
range of precision that is a function of the computer
memory size and the date span of computation. These
programs are derived in part from the publication
"Almanac for Computers" of the Nautical Almanac
Office, United States Naval Observatory, Washington, DC.
Mr. James Neely has refined the coefficients of the
trigonometric series developed by the U. S. Navy.
Erlewine has programs for planet positions to the
year 2000 with a precision varying from one degree of arc

for the year 4713 BC forward at 8K of RAM, to one
second of arc between 1800 AD and 2000 AD with 32K
of RAM in PET, TRS-80, and Apple II languages. The
most recent program develped by Matrix is a daily
ephermeris program with a printer output and a precision
of 0.4 seconds of arc in 32K or RAM.
A recent development of our planetarium staff is
the application of the video disc to elementary and
middle school science education. We have developed an
adapter interfacing a 32K PET computer through its user
port to the Pioneer VP 1000 Laser Disc player and a color
TV monitor. The effect is to create an "intelligent video
disc"
system
that
qllows
student
interactive
computer/video disc programs. Some authorities state the
"intelligent video disc" is the most important tool
developed in education since the invention of the book.
Our experience in testing third graders with a program
entitled "Weather" has demonstrated that 9-year-olds are
capable of handling questions and answers suitably
reinforced with aural and visual clues containing words
like precipitation, rendezvous, and climatic. The Pioneer
Laser Disc became available locally in July 1980 and our
system was first tested with students in October.
Briefly, an "in telligen t video disc" system allows
access to any of the 54,000 individual frames which
constitute a half-hour TV program. The TV frames can be
displayed individually for indefinite periods at the
command of the computer program. Further, the
computer program can employ the video disc information
in various modes of instruction such as computer-aided
instruction (CAl) drill and practice, simulations, the
delivery of straightforward cognitive level information and
higher order cognitive tasks.
Of equal importance to the innovative hardware is
the modularized software developed for use by motivated
classroom teachers. The software has been assembled in
easily managed modules covering branched instruction,
test measurement, and video disc control. The technique
has had preliminary classroom tests with excellent results.
Larger scale tests with up to 20 teachers will occur
in August 1981. Standard educational discs in the
software producers' catalog will be used in a science
enrichment program, responding to the conditions
identified in the 1980 Report to the President. The
purpose of the work is to test certain notions about the
potential of the intelligent video disc.
The intelligent video disc system characteristis to be
tested include:
1.
The instruction system is student centered.
The student may proceed at a pace
determined by his own motivation together
with natural and acquired skills.
2.
The system can operate with little teacher
intervention
necessary
in
a classroom
environment.
3.
The subject matter can be outside the range
of a teacher's special skills.
4.
A management module measuring student
progress can be included in the program.
In addition, we hope to begin development of video
discs designed as a well-organized curriculum in
astronomy.
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INEXPENSIVE PROJ ECTOR CONTROL
John S. Phillips, II
Director
Calvert Planetarium
Dares Beach Road
Prince Frederick, MD 20678
Lack of remote control circuitry for auxiliary
projectors and special effects seems to be a common
problem among small planetariums. The problem is
usually solved by an addition of circuitry to the existing
console or by adding an auxiliary console. The addition
of these circuits can be done "in house" by the
planetarium staff or by procuring the services of outside
vendors. Both these solutions have problems.
Outside vendors are always expensive. Ready-made
equipment invariably costs more than the budget allows.
Second, the expense of new circuitry can be decreased
tremendously by
"do-it-yourself" planetarians, but
pro blems still arise: Do you really know w ha t you're
doing? Is your circuit design safe? These problems force
many planetariums to avoid adding needed projectors and
special effects.
At Calvert Planetarium (in Prince Frederick,
Maryland) the remote projector control has been solved
by the use of a lighting control system available through
Radio Shack and Sears. Radio Shack carries it under the
name "Plug'n Power" and Sears carries it under the name
"Home Control System." Both systems are identical and
are manufactured by BSR(USA)LTD.
This basically is a wireless remote control system
which can control the switching and dimming of lamps
and/or the switching of motor circuits. It operates on
standard 120 volt AC current, and transmits signals over
existing electrical wiring. The system consists of two basic
parts, a command console (4%" x 3Ih" x 3 Ih") which
sends the control signals over existing 120 volt lines, and
a control module (2%" x 2" x 13,4") which receives these
signals and controls the lamp or motor.
The command console will control 16 separate
modules allowing remote dimming or switching of 16
separate circuits. The 16 modules can be controlled
individually or simultaneously in groups ranging in
num ber from 2 to 16. The real beauty of this
mass-produced system is its very reasonable price. The
command console can be obtained for less than $50 and
the control modules are less than $18 each. These items
may be purchased individually from any Radio Shack or
Sears store. Thus, after purchasing the command console
and one control module, control capability can grow as
your budget allows.
This wireless remote control system has been
designed for use by a homeowner, so it is very simple to
install and operate. It is easily adapted to planetaril;lm
use. The system allows a homeowner to switch lights on
and off and to brighten or dim lights from one central
location. Each dimmer control module can handle any
incandescent lamp rated up to 300 watts. Functions
include: on, off, brighten, or dim. The system also allows
on-off switching of appliances or motors. Appliance
control modules are designed to handle a 15 amp resistive
load, a 1/3 hp motor load, or a 500 watt incandescent
lamp. Both appliance modules and dimmer modules sell
for the same price. In addition, there is a wall control
module, designed to replace a standard wall switch, which
will allow switching and dimming of incandescent lamps
up to 500 watts. The wall control module sells for a
slightly higher price than the other control modules. The
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dimmable circuit control modules are of primary interest
to planetarians. With the proper control module a
projector up to 500 watts can be taken from full off to
full on, or vice versa, in as little as 5 seconds. By using a
series of quick punches on the control button the lamp
fade time can be extended up to several minutes with a
series of unnoticeable "steps."
Installation and use of the system is very simple.
The command console is first set on one of 16 house
codes; each control module is also set on this same code.
Having 16 choices for this house code give you the option
of setting up several independent systems to control as
many as 250 modules from one console. It also prevents
your neigh bot from controlling your lights and appliances
from his house if he selects different house codes. The
command console is plugged into any 120 Volt, AC
outlet. This console contains two sets of keys, 16 unit
and 6 command keys. Each unit key selects the appliance
or dimmer module assigned to that key number. The
command key then tells the selected module or modules
what to do: switch on, switch off, brighten, or dim. By
punching one unit key the operator can send commands
to one lamp or appliance module separately, or by
punching several unit keys the operator may send
commands to several modules simultaneously. In addition,
there is a command key which automatically sends a
"turn
on" command
for
all
dimmer
switches
simultaneously, and a key which sends a "turn off"
command to every lamp and appliance module.
To use the appliance and lamp dimmer control
modules the house code and unit key number for each
must be selected and set. The lamp or motor is plugged
into the module, and then the module's plug is inserted
into any 120 volt AC outlet. The lamp or motor must
then be turned on with its regular on-off switch. Now,
the lamp or motor is controllable from the command
console.
This systems works very well with any 120 volt AC
motor or lamp, so it can be used to control lamps or fans
in single slide projectors or special effects. It can also be
used to control motors in special effects. In addition, by
setting control modules to the same house code and key
number,
several
functions
can
be
controlled
simultaneously, thus placing anum ber of functions under
the control of one unit key. It is thereby possible to
command more than 16 functions from one command
console. This capability allows you to control panoramas
or special effects which use several projectors at once.
For those of us who like to wander around the
cham ber during our live presentations there is a cordless,
hand-held controller available with this system. In
conjunction with the command console and the control
modules it will allow control of projectors from any place
within 30 feet of the command console, unincumbered by
wires.
Adaptation of this remote control system to
planetarium use is not without its problems. First the
command console is not lighted internally. This means
that an external light source is necessary to enable its use
in a darkened chamber. Calvert Planetarium uses the light
from the pointer to illuminate the panel when needed.
Second, this system cannot be used directly to cycle slide
projectors. To remotely control a carousel projector, a
separate slide cycle circuit must be devised. Third, there is
a minor problem with the dimmer controls. The dimmer
control button has an instant "on" feature which causes
an "off" lamp to jump to full on before it is dimmable.
This instant "on" feature can be overcome by switching
all dimmable projector lamps full on, before your

program begins, and then dimming them down to full off.
This will put all of the lamps in the dimmable mode,
ready to be faded into view. Fourth,
and most
significant, is a reliablity problem. Reliability is less than
lOO%. Actually the reliability seems to vary with each
individual control module. We have some control modules
which function correctly lOO% of the time, while we have
others which occasionally miss a signal and fail to
respond. About 10% of our modules "died" after several
hours of use. However, Sears and Radio Shack have been
very good about honoring the 90-day warranty.
Obviously no system is going to solve all projector
control problems. But this system has solved many

pro blems at Calvert Planetarium and at a very reasonable
price.

EDITOR'S NOTE: Intelligent Control Systems (P. O. Box
14571, Minneapolis, MN 55411 (612-789-3565)
sells an ARlO module that plugs into an Apple II
computer and permits the operation of up to 256
BSR modules simultaneously under software control.
Most other units for computer operation of BSR
modules permit control of only 16 modules.

contined from page 2 LETTERS TO THE EDITOR
The Trustees of the

JOHN MOTLEY MOREHEAD FOUNDATION
announce

MOREHEADINTERNSHWS
in
Planetarium Administration and Education

THE UNIVERSITY OF NORTH CAROLINA AT
CHAPEL HILL
A Morehead Internship is awarded annually by The John
Motley Morehead Foundation.
The Internship provides support for a two-year course of
study at the Graduate School of the University of North Carolina
at Chapel Hill, leading to a master's degree. Coursework will be
adapted to suit the needs of each Intern. Typically, the Intern will
draw from the fields of science education, astronomy, physics,
and business administration. In addition, there will be on-the-job
training at the Morehead Planetarium and Observatory, on the
campus of the University of North Carolina at Chapel Hill.
Each Morehead Internship currently has a value of $4,000.
per year, paid to the Intern as a stipend, plus an $800. travel
allowance for attending professional conferences during the two
year period. The Intern's tuition and fees for study at the
Graduate School are also paid by The John Motley Morehead
Foundation.

The guiding purpose in the selection process is to attract to
the study of Planetarium Administration and Education students
of superior character, academic achievement, and potential. The
financial need of the candidates shall never be considered.

THE SELECTION PROCESS
To compete for a Morehead Internship, a student must be
admissible to the Graduate School of the University of North
Carolina at Chapel Hill and recommended for an Internship by the
Morehead Intern Selection Committee.
The Morehead Foundation may invite candidates nominated
by the Morehead Intern Selection Committee to come to Chapel
Hill for a personal interview. Candidates so nominated will travel
to Chapel Hill at the expense of the Foundation. Room and board
will also be provided by the Foundation for all candidates.
A Morehead
Intern's tenure is dependent upon the
maintenance of a standard of work and conduct justifying his or
her Internship, such determination to be made solely by the
Trustees of The John Motley Morehead Foundation.

BASES OF SELECTION
In making selections for these Internships, Mr. Morehead, the
donor, would have wanted consideration given to the following:
a.
Scholastic ability and attainments.
b.

Motivation toward the field of science education and
promise of distinction in that field.

c.

Evidence of leadership potential and moral force of
character.

FURTHER INQUIRIES
Morehead Intern Selection Committee
Morehead Planetarium and Observatory
University of North Carolina
Chapel Hill, North Carolina 27514
Application must be made by February 15 each year to be
considered for the upcoming Internship.

Conducted by
Dave Agu ilar
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NOTE:

The Creative Corner page is being printed in the format of the Special Effects Handbook (soon to
be published), so that you can xerox the page for insertion therein if you wish.
Pages from The Planetarian will be sequenced alphabetically so you may order them in future
handbook indices.
~
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VARIABLE SPEED MOTOR CONTROL
Often it is desirable to use a VARIABLE SPEED MOTOR CONTROLLER
to drive a special-effects projector at a specific speed.
One solution to this problem is to use a D.C. motor whose speed
and direction are dependent on the voltage applied to its terminals. The simplest way to obtain a variable voltage is to
use a fixed voltage source and a variable series resistor to
reduce the supply voltage to the desired voltage. Unfortunately,
the voltage drop across the series resistor depends on the current through the resistor and hence the motor's speed depends
on its load. At low speeds, the large current necessary to start
the motor reduces the voltage below the desired value and the
motor may not even start. The way to eliminate this problem
is to provide a low impedance variable voltage source for the
motor. The output voltage will be independent of the load on
the motor and thus the motor will start and run at slow as well
as high speeds.
Figu-re 1 shows a circuit which will provide a low impedance
variable voltage to drive a small motor.
It consists of three
sections. The power supply Dl, D2, D3, D4, Rl, R2, D5, and D6
converts the 115v A.C. line voltage to the ~ 15 volts D.C. necessary to power the amplifier and motor. The power supply uses
no filter capacitors because the Iel will operate on a pulsating
D.C. voltage as well as on a filtered D.C. voltage. A voltage
divider, R3, provides a variable control voltage to drive the
amplifier. Finally, the operational amplifier, IC1, operates
as a voltage follower to provide a low impedance variable voltage output to drive the D.C. motor. NOTE THAT THE CIRCUIT IS
ISOLATED FROM THE 115 VOLT MAINS ONLY THROUGH TWO 4700 OHM RESISTORS SO THE OUTPUT OF THE CIRCUIT SHOULD BE CONNECTED ONLY TO
THE MOTOR AND NOT TO GROUND.
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The circuit will deliver up to 10 milliamperes of current at all
voltages between +15 and -15 volts.
It will vary the speed of
an Edmund Scientific Co. #14,860 12v, 1 rpm motor from 1.3 rpm
to 1/5 rpm, more than a 6:1 ratio.
The circuit can be constructed in any configuration, but the
printed circuit board shown in Figure 2 is designed to mount
in a plastic spray can top to provide a convenient and cheap
container for the supply, The cap may be attached to the back
of the motor in a compact, self-contained unit by cutting the
slot pattern shown in Figure 3. One hole is drilled in the side
of the cap for a 115v line. The location of the components of
the P.C. board are shown in Figure 4. Note that Figures 2, 3,
and 4 are actual size.
The potentiometer is mounted on a separate board that is placed
somewhere on the console control panel.
If you want to control
the speed and vary the direction of a slewing mirror, a slide
pot with a center off position is handy. Note: The contacts
on the back of the motor should be covered with a piece of electrical tape to prevent the circuit board from touching them.
The cost of the circuit, excluding the motor, is less than $5
using locally available parts. Purchasing the parts from one
of the electronic parts discount houses lowers the price significantly.
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PERCEPTION AND PLANETARIUM PROGRAMMING
JEANNE E. BISHOP

Westlake Public Schools Planetarium
Westlake, Ohio 44145
Perception is the active process of extracting
information from the environment (Murch, 1973). It is
one area of psychology, one in which a great deal of
research has been carried out. Some of the findings can
be useful in the planetarium.
The dimly-lit planetarium sky is similar to a testing
situation first used in 1929. The container is known as a
Ganzfeld and is a large box or set of spheres with smooth
inner surfaces illuminated by low-level light. It has been
learned that in the Ganzfeld most subjects lose their
depth perception. Many lost their spatial orientation.
Some report a blanking-out experience in which pictures
cannot be identified as they are flashed on the inner
surface· of the Ganzfeld. Extrapolating to the planetarium,
it may be understood why many of the adults as well as
children in our audiences become easily confused a bout
directions. If three-dimensional models are shown or used
(procedures which have been shown effective for
learning), they may be incompletely or inaccurately
interpreted. And extended periods of twilight without
visual effects might destroy sensitivity to visual effects
which are presented later in the program. To compensate
for Ganzfeld effects, greater time and care could be taken
in pointing out the cardinal points and locating
phenomena with respect to them. Demonstration models
could be spotlighted in ways that dark adaption is not
destroyed. And a twilight situation could be limited to
ten minutes, or if necessarily longer, punctuated with one
or more slides or other visual effects.
The time for dark (or light) adaptation, of course,
depends on the previous light environment. Adaptation
time is constantly changing in the planetarium as a
function of the intensity of each light stimulus presented.
Those who use a bright flash for a Big Bang or bolide
should realize that this has a marked effect on one's
ability to see. The longer the flash, the longer the
recovery time (a .l-second flash requires an average time
of 28 seconds for recovery; a lA-second flash takes 108
seconds).And the wider the flash, the shorter the recovery
time (a visual field of about 2 0 takes nearly a minute for
recovery, 10 seconds longer than a 10 0 field for the same
bright flash).
Another result of flashes in the darkness which
should not be ignored is afterimages. Positive and negative
image sensations alternate. If the flash lasts about 400
milliseconds, a first positive afterimage may last up to 10
seconds and a subsequent negative phase as long as 30
seconds. As the time of the flash increases, the length of
time for afterimages decreases-with an exposure of over
six seconds, there is no afterimage.
An effect known as "masking" occurs when any
stimulus is followed too quickly by a second one which
blots out perception of the first. The effect is most
pronounced at 100 to 420 milliseconds and less at 10 to
100 milliseconds. This information could be applied to
the time of slide sequences.
If slides are flashed quickly, recogni tion or
understanding improves up to 10 presentations. Beyond
ten presentations, there is no improvement.
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If a slide which is very blurred is slowly brought to
less-than-perfect focus, it may not be recognized. It seems
that time for hypothesis allows memory and expectation
to take over. If a slide is only slightly out of focus for
the entire time of presentation, the viewer may be uneasy
or frustrated but recognition and understanding will not
be greatly reduced.
There are anum ber of illusions or perceptions of
movement when none occurs. The best known is the
autokinetic effect. I discussed it in my paper on
psychology and the planetarium at the 1976 PAC meeting
in Vancouver, Bob Allen discussed it at the 1980 GLPA
meeting, and John Williams incorporated it into his
package UFO program before either of these. The
autokinetic effect is the apparent movement of a
stationary point of light in an otherwise homogenous
framework. Many observatories are unwittingly aware of
the phenomenon, as they receive calls of UFO's with
movement when Venus, Mercury, or a first-magnitude star
is in a good viewing situation. The effect, unlike the
well-known Moon Illusion (moon appears larger as it
rises), is easily demonstrated in even a small planetarium.
As more than one bright point is added to the viewing
field, the effect decreases. The effect completely
disappears when several points form a triangle or
quadrilateral. The autokinetic effect may occur for some
mem bers of an audience when one or two planets are
presented in a twilight or dawn situation (or
unrealistically in a dark sky with stars removed).It might
be mentioned that no movement (in real time) is taking
place.
An extension of the autokinetic effect is the
perception of a light which is flashing regularly. High
flash frequencies of a stationary point produce greater
perceived displacement. Planetarium projectors which
simulate variable stars may be perceived as stars which are
shifting their positions as well as changing in brightness, if
stars are not present for reference.
Another illusion, the phi phenomenon, takes place
when two lights are flashed sequentially. If the time
interval between flashes is less than 25 milliseconds, the
two lights appear to be on continuously. With a longer
interval, the first light appears to move part of the
distance toward the second and the second appears to
displace towards the first. As the interval is increased up
to 400 milliseconds, one perceives a single light moving
smoothly and continuously between the two points.
Perhaps the phi phenomenon could be useful in the
construction of auxiliary projections when the perception
of motion is required. Although an unlikely mistake, one
is cautioned against the simultaneous projection of two
"pulsars" with very short flash periods.
Frequently it is assumed that a photograph rather
than a sketch is best for recognition and learning. It has
been shown, however, that the sketch is often best.
Recognition time is longer for more detailed drawings and
longest for a photograph, when depth information is
important. The essential characteristics of an object or a
set of objects are known as canonical features. It is these
which should be determined for slides and transparencies
to be used for teaching astronomical concepts. Cartoons

or caricatures of these features have been shown at least
equally effective and sometimes better than realistic
drawings.
When using photographs and drawings, one should be
aware of an assumption made by children and adults: that
the direction of illumination is from the top of the
picture. Photographs of lunar craters can appear as hills if
the sunlight direction is from the bottom. Of course, such
interpretation does not apply if a photograph contains no
shadows.
Artists who prepare planetarium panoramas need to
take into account the many depth and distance cues
which are used in perception. They include linear
perspective (lines appear to converge at greater distance),
retinal image size (all other things equal, the larger feature
is closer), interposition (nearer object has the capacity to
block distant
object), patterns of light and shadow
(expectation of a single source of light), gradient of
texture (detail is less at greater distance), and aerial
perspective
(a
feature
operating
with
Earth
atmosphere-more distant objects appear hazy and slightly
blue). I have seen some otherwise beautiful panoramas
which have ignored one or more of these perceptual cues.
The aerial perspective cue can, of course, be eliminated
for landscapes of bodies without an atmosphere, e.g. the
moon. Apollo astronauts had great difficulty visually
judging distance to lunar features without this normal
cue.
Another distance cue, which should be applied in
the use of special projectors, is relative motion -a nearer
object appears to move faster. The radiant of a meteor
shower is an application of this cue.
It may be a surprise to know that many children
and adults do not correctly perceive the moon in a
particular phase when it is shown. Perhaps the difficulty
is related to hypothesis or expectation which is a result of
mislearning the concept of lunar phases and/or the great
num ber of experiences (artwork, jewelry, etc.) which have
provided contact with an incorrectly-shaped moon. It is
desirable, for purposes of learning, to point out such
features as the side which is lighted, the amount which is
lighted, the fact that tips (horns) when connected bisect
the moon's disk, and the orientation of the tips. With
students, a participatory method works well: Ask students
to answer questions which bring out this information. As
such details are verbalized, correct perception will occur.
The perception is a low-level step in the heirarchy of
learning of the complex concept of reasons for lunar
phases. Modeling activities which demonstrate lunar
phases should also include opportunities to verbalize how
light striking the moon is seen from outside of the
Earth-moon system and from Earth.
A planetarium study, brought to my attention by
Tom Hamilton, has shown the following about star
'rec 0 gni ti on :
1.
The majority of star identification errors
occurs for viewing fields of 25 degrees or less.
2.
Star recognition times for viewing fields of 10,
15, and 20 degrees are greater than those for
fields of 30, 35,40, and 50 degrees.
3.
Star recognition performance does not change
appreciably for viewing fields over 25 degrees.

In this study, conducted by Hughes Aircraft for the
U. S. Air Force Space Systems Division in the Griffith
Planetarium in Los Angeles, subjects had much difficulty
with northern sky orientations different from those
normally observed from the Earth's northern latitudes and
with southern sky orientations. This difficulty, one
noticed in audience members by many experienced
planetarians, was overcome with training. It appears that
pointing out critical features (stars and star group
orientations) in a section of sky rather than in just a
small constellation may aid the learning of the
constella tions of that part of the sky. The results imply
that planetarium constellation and star learning is superior
to learning with single-constellation slides and that when
slides are used to teach constellations, sections of sky,
rather than single constellations, should be shown. Also,
by presenting students with the sky as seen from different
latitudes-ones of typical large cities or other places which
many are likely to visit during their lives-they may learn
the constellations well enough to recognize them at any
time and any place.
Psychologist George Miller of Harvard University has
studied the limits on human capacity for processing
perceptual information. In many experiements, with other
sense channels as well as visual, seven simultaneous bits of
information appear to be the normal capacity or limit. He
calls the limit "the magic number seven." Perhaps this
capacity is the reason so many groups of seven are found
in constellations and the reason for seven days of the
week. When presenting visual material, planetarians should
keep the "magic number" in mind. Dr. Miller points out
that more may be perceived if visual information is
"chunked" -groups of items less than seven can be
considered as a single feature in the visual register. Dr.
Miller has found that in learning (memory), items are
verbally stored in the same way-groups of seven or less
subcategorized. We may help our planetarium audienGes
by not overloading their sense and memory channels and
by pointing out ways of "chunking" astronomical
information.

Students model the waxing crescent lunar phase. Since many
do not correctly perceive a presented phase, it is important that
they have features called to their attention and verbalize what is
seen. (Photograph by author)

continued on page 79
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THE ELECTRONIC PLANETARIUM
C. J. and Everett Q. Carr
Herkimer BOCES Planetarium
Herkimer) NY 73350

INTRODUCTION
The demonstrations by Evans and Sutherland of the
computer~generated star fields projected on the dome of a
num ber of planetariums foretell the ultimate replacement
of electromechanical planetarium projectors.
It's easy to forecast now that the computer/TV
system will also appear in the small planetariums because
the cost will drop below electromechanical planetarium
projectors. The Computer/TV system is more versatile. It
depends only on programming for those flights to
Elsewhen, reachable only in the mind or in the
Planetarium.
Digital projectors will have more precise planet
motions and positions. Precision of one minute of arc will
be the norm. The gears and cams and levers that were
never more accurate than 3 -4 degrees, in small machines,
may be laid safely to rest, barely beyond a primitive
adolescence. And the new electronic marvels will prove
more reliable. The growth potential staggers the mind
because the electronic planetarium instrument can become
its own special effects projector replacing all those
delightful contraptions of light bulbs, levers, switches,
rubber bands, lenses, bits and pieces of plastic and string
that have intrigued our generation of Planetarians.
The Herkimer BOCES Planetarium uses a Minolta
MS-8 but TV has been an increasing part of our school
programs and public programs for the last five (5)
years.l.2 Table I summarizes some of the functions
performed during this period. We also have 15 PET
computers. These machines form the core of our
gifted/talented student programs in grades 4 through 12
for children 10 through 18 years of age. 3.4 In the paper
session
titled
"The
Multidiscipline
Planetarium:
Computers in Astronomy Education" presented at the
Mid-Atlantic Planetarium Society Conference in April
1980 at Boston, other schools, science centers, and
college planetariums discussed a wide range of
applications to astronomy. We believe the next step in the
development of the electronic planetarium is the
application of the optical video disc to the system under
com pu ter control.
THE OPTICAL VIDEO DISC
In 1970 Phillips of the Netherlands announced a
successful video disc system in which a TV signal was
contained in tracks on a rigid disc that could be detected
by a photosensitive semiconductor for playback on a
conventional TV set. Actually the first successful video
disc had been developed when TV was very young. That
video disc was a modified audio record player and
operated when TV resolution was 30 lines. Current U.S.
TV resolution is based on a 525 line system that acutally
produces a picture with half that line resolution. Since
1970, four major approaches have appeared for video disc
systems. These are:
1.

2.
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LASERDISC:
A
system
in
which
a
laser-illuminated, rigid plastic disc is encoded
with video information that can be played on
a special player.
CED SYSTEM: The widely-advertised method
of RCA that uses a needle in a groove. This
needle, a capacitance pickup, is subject to
wear.

VHD SYSTEM OF MATSUSHIT A(JVC) and
GE: This uses a needle that is subject to wear
but needs no groove. The disc so far has not
been available.
THOMPSON-CSF/FRANCE:Their
optical
4.
"floppy" disc uses a thin medium. The laser
can be refocused from top to bottom side of
the disc so that both sides can be played
without flipping the disc.
The attractive system for the school or planetarium
use is the LASERDISC. None of the discs are
interchangeable
among
the
four
systems.
The
LASERDISCS are interchangeable between the players of
several manufacturers, however. The discs of MCA,
Pioneer, Sony, Phillips, and Goldstar are all playable on
the machines of MCA-Discovision Associates, Pioneer,
Sony, Magnavox, and Phillips. Not all the players are
identical in functions and there may be differences in
operation. The LASERDISC is the unit of choice for the
following reasons:
1.
There is no disc wear. The Pioneer, VPlOOO
can be set on a single frame for hour after
hour on any of the 54,000 frames of a
half-hour disc. The laser illumination simply
does not wear the disc.
2.
The Pioneer contains microprocessore chips
that allow a flexible set of control functions;
for example:
a.
A single frame number may be entered
on a remote control and the machine
automatically searches out the specific
frame and displays it.
b.
. The machine can run forward or back, a
single frame at a time, or in high, low,
or adjustable speeds.
c.
There are two audio channels with
frequency response from 40Hz to 20Hz,
selectable by the control.
3.
The Pioneer is easily controlled by a computer
program through an adapter circuit.
4.
In specially prepared discs, the computer
programs can be contained in the video or
audio channels interspersed with regular audio.
5.
The same video material can be used at many
grade levels simply by altering the computer
program.
6.
The
laser
disc
players
are
relatively
inexpensive, often less than the cost of a
quality l6mm sound projector.
7.
Disc production costs are low in small
quantities.
3.

Commercial discs are in short supply. Disc
manufacturers have underestimated the demand by a
factor of four times. Those who purchase the laser disc
players take 6 -8 discs at the time of purchase and return
within two weeks for 4 -6 more discs. The major disc
manufacturer is MCA-Discovision, a partnership among
MCA which owns the movie factory, Universal Studios
and IBM, a company noted for its interests in computers.
Other production companies like 3M are coming into
production and the delivery problem is expected to be
solved by mid-1982.
OPTICAL VIDEO DISC APPLICATIONS
A publishing company executive called the optical
video disc a round book with 108,000 pages, a plaintive
expression of bafflement about what to do with the
technology since no book of 108,000 pages all in color
has ever been published.

Sears, Roebuck has published and distributed 1200
copies of a laser disc that was equal to the contents of
their 275 page 1981 Summer Catalog. They called it the
Teledisc. IBM reportedly has made close to 100 different
video discs to train their servicemen. They ship a disc
with each new type of equipment to insure correct repair
and maintenance procedures.
NASA's subcontractor, JPL plans a series of video
discs of the 750,000 planet images gathered since the
survey photo missions to the Moon. Ben Casados of JPL
also announced that the Center for Aerospace Education
at Drew University will produce a series of three video
discs with availability by December 15, 1981.
The National Education Association's (NEA)
organization,
the
National
Foundation
for
the
Improvement of Education (NIFIE) have cosponsored a
test disc: "The Schooldisc" produced by the ABC
Television Enterprises. It was intended to be used by
teachers as a current events classroom resource much like
a video cassette. ABC'S plan is to produce a bi-weekly
video disc, multidiscipline in nature, including a short
section for teacher interests in classroom management.
At this time a number of major institutions are
engaged in laser disc projects. These include the
Encyclopedia, National Geographic, the Metropolitan
Opera, SVE, IBM, Ford Motor, GM, and the NEA.
Out planetarium staff has developed a control
system for the Pioneer VP-1000 laserdisc player which,
together with the PET or VIC-20 computer and color
monitor, form an intelligent interactive video disc learning
system. We plan to use it for individualized learning.
The objectives of our work in Astronomy education
with the intelligent video disc learning system are:
1.
To continue development of a low cost
student interactive system.
2.
To establish criteria for optimum learning
modules.
3.
To explore alternative instructional modes
that could transform schools and drop the cost of
education to approximately 17% of present-day costs.
To individualize the instruction to the
4.
student and, by research, explore what students learn
using the system.
The present status of our work in this educational
en terprise is:
1.
A complete intelligent video disc system has
been operating since October 1980.
2.
The
intelligent
video
disc
has
been
implemented for all of the PET computers
and the Commodore VIC-20.
3.
Our research so far shows that:
a.
Third graders can use the system with
reasonably complex topics such as
weather, biology, and astronomy.
b.
Learning modules can be made from
almost any video disc including some of
those made solely for entertainment.
c.
BASIC or even TINY-BASIC can be
used as a suitable programming language.
d.
Programming methods can be taught far
short of a full understanding of a BASIC
language course.
VIDEO DISC SYSTEMS FOR THE PLANETARIUM
We
believe
there
are
many
uses
for
a
computer-controlled laser disc system in the Planetarium.
The microcomputers today are. quite powerful machines
equal in power to some PDP-II's that are used in a few
major Planetariums. These new machines, properly
programmed and implemented, have memory capacities of
up to 256 Kilobytes. There are 8-inch floppy disc

memories with storage capacities of more than 8 million
bytes of memory that sell for less than $2,000. Some
highly automated Planetariums now in existence operate
on less th~m 32 Kilobytes of RAM memory.
Infra-red (IR) light emitting diodes can perform as
digital links between transmitters at the center of the
planetarium dome, eliminating control wiring between the
computer and photosensitive controllers around the dome.
It is therefore possible to overlay existing systems at low
cost. The combination of IR, multibit digital encoding
and signal isolation from the ordinary electrical systems
can provide a high level of immunity from spurious
operations. A single microcomputer can handle between
256 and 4,096 functions such as slide changes, stepper
motor operation, fades, mirror movers, and other special
effects in precise time sequence, to a microsecond if
necessary. The care of such a system is within the
capability of an average, well-motivated technician.
It is also possible for a laser disc player and large
screen TV to stand as planetarium production equipment.
We have used a test disc of the Jet PropUlsion Laboratory
containing Voyager 1 pictures displayed on the three TV's
for Planetarium shows and with gifted child programs.
One exercise is to lay a piece of Saran wrap on the
TV monitor and with a marker pen (the type used with
overhead projectors) trace the limb of, say, the Moon 10.
Also trace the caldera and the eruption plume of the
volcano found on the limb. From the measured 10
diameter and its true diameter, the caldera diameter and
the size of the plume can be estimated.
An update on this exercise is the addition of a light
pen. This allows measurements without the need for the
plastic wrap and pen. A computer program actually can
handle the distortion problem without the experimenter
noticing the corrections or it can be interactive with the
student participating in the' corrections.

Claire Carr and students explore the universe with
one
form
of
the"electronic
planetarium."
The
Commodore computer is used for simulation, calculation,
and computer-aided instruction (CAl). It is a particularly
valuable instructional aid when it is used to comment and
quiz on the video disc material, and displayed under its
control on the large TV screens.
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This JPL disc can also be used with the computer
and a tape deck for an automatic slide show. The
interesting part is that if every frame were numbered and
contained a different picture, the system would be a
random access projector with 54,000 pictures. The
average access time is 7.5 seconds.
We can also foresee a planetarium system of four or
more large screen projection TV s with wide angle lenses
covering a planetarium dome. These projectors operating
from digital data stored on an optical video disc, could
contain the star field. The computer program causes the
star field to move across the dome in any prescribed
pattern. In latitude, diurnal, annual, or precession modes
as selected by the operator or the show's computer
program. In a color system, where three color cathode ray
tubes (CRT) are used, the images can be at least twice as
bright as with a single monochrome CRT. Equally
important, the up-coming 1125 line standard for high
definition TV (HDTV) has better image quality than a
16mm movie frame. The aspect ratio will be at least 5: 3
and perhaps 2: 1 (width to height). Several film makers,
including George Lucas of Star Wars fame have said their
movies will be made by HDTV recording rather than on
film in the future. Lower cost is one reason, but better
and faster special effects are expected.
The
Evans
and
Sutherland
projection
TV
Planetarium installation for the Science Museum of
Virginia at Richmond, Virginia is in a 76-foot dome using
a very bright CRT. The star positions are limited only by
the resolution of the graphics systems with a field of
4096 x 4096 screen locations that can be addressed by
the computer. The computations by the computer are
accurate to ± 1 minute of arc but the practical realization
on the dome probably will fall between ± 10 minutes to
± 30 minutes. Planet positions will therefore be better
than most present equipment.
The computer for the starfield positions has 124
Kilobytes of 16 bit RAM memory. The graphics, however,
use 256 Kilobytes. FORTRAN is the computer language
and graphics can be entered from a tablet.
Lest there be any concern about memory, 16
Kilobyte memory chips cost less than 1 Kilobyte chips
did five years ago and that includes inflation. The first
256 Kilobyte chips have already been made and are
expected in quantity by 1984 and will cost less than $10
by 1987.
The recently announced Sony magnetic recording
still camera, which takes 50 to 80 pictures on a 1%-inch
floppy disc that costs $2.65, may not provide extremely
high resolution picutres, but its playback is through a TV
system. This well matches a move to the future electronic
planetarium.
It was perhaps a collective sense about these kinds
of futures and alternatives that led the International
Planetarium Society Board meeting in Mexico City in
August 1981 to accept the proposal we made for
producing a laser disc on Astronomy. Since that time a
num ber of other organizations have expressed interest.
Dr. Derek McNally, Editor of the International
Astronomical Union's Astronomy Education Newsletter
will publish the details of this project in the fall
Newsletter of the IAU's Commission 46 on Astronomy
Education. The authors may be contacted for a
prospectus and order form for the IPS disc.
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TABLE I
TV Applications in the Planetarium
1976-1981
1.

SPECIAL EFFECTS
Display Computer Readouts
Communications
Pictorial and Graphics
Vocabulary
Simulations
"Crash on the Moon"
"Men to Mars"
"The Exploration of Mars"

2.

PROGRAM PRODUCTION-Video Tapes
Off The Air
First Apollo 17 (Launch, Rover, etc.)
First Apollo /Soyuz Rendezvous
Program Clips
Dr. Roger Rockefeller, Utica College
"The Size of the Universe"
Dr. Charles Holbrow, Colgate University
"Cities in Space"
Animation in Real Time
Titles (Dissolves, Wipes, Superpositions)
Scale Models (Macro, Zooms)
Simultaneous Front and Rear Projection
Blue Key: Real Size, Macro and Micro
Backgrounds

3.

ELECTRONIC SLATE
Interactive Programs
Questions and Answers to the Celestial Computer
Star Positions
Planet Positions
Sunrise/Sunset
Moonrise /Moonset
Moon Phases

4.

HANDICAPPED PROGRAMS
Video Display Synchronized with Planetarium
Internal Planetarium Broadcast System
Loudcast Earphone System
Simultaneous Three Language Program

Jeanne E. Bishop
The following astronomical
have recently come to my attention:

education materials

Astronomy Education Materials Resource Guide, Dennis
W. Sunal, Ed., $4.00. Available from Dennis Sunal,
As tronomy
Education
Materials
Network,
Department of Curriculum and Instruction, West
Virginia University, Morgantown WV 26506, 60 pp.
This material, collected under a grant from the V.
M. Slipner Fund of the National Academy of Sciences, is
a detailed listing of some astronomy curriculum guides,
program aids, and activities contributed by educators at
Sunal's request. Programs are described which are
appropriate for pre-school children through college and
adult students. The actual item must be ordered from its
author, but source address, cost, potential uses, goals,
specific
objectives,
general
description,
unique
characteristics, format,
extent of evaluation, and
reproduction limitations for users are given. This is an
attractively-prepared booklet, and it should be extremely
useful to all those who teach astronomy. Enough
planetarium items are included to make it useful to most
planetarium educators.

Astronomy Education Materials in English, 1976-1980.
R. Robert Robbins (University of Texas) and
Benjamin F. Peery, Jr. (Howard University).
Publication of the International Astronomical
Union's Commission 46 (Teaching of Astronomy).
Printed and distributed by the Astronomy Program,
University of Maryland, College Park, MD 20742
U.S.A.
Since 1973, the IAU Commission 46 has prepared
summaries of published astronomy materials useful to
educators, some for English materials and some for
non-English materials. All astronomy books, as well as
some other astronomy materials, printed within the
period 1976 through 1980 are listed and classified as one
of the following: juvenile literature, literature oriented
toward the general public, literature of special interest to
amateur astronomers and others who observe, literature
for college students not specializing in science studies,

continued from page 3

will want to introduce himself in the next issue.) I will,
however, tell you that he is eager, dedicated, wellqualified, and his boss will give the time needed to do his
job for the journal.
With this in effect, my final duty with the Planetarian
will be to get out to the members the Special Effect
Handbook, which is now at the printer. You may expect
that quite soon.

advanced materials for upper-division or graduate level
science students, and technical symposia and colloquia.
Titles, authors, publishers, and cities of publication are
given. Prices are omitted with the explanation that they
were not easily available and that prices change quickly
with inflation.
The June, 1981, IAU Commission 46 Newsletter,
also printed and distributed by the Astronomy Program
staff of the University of Maryland, contains an article by
planetarian
E.
Q. Carr on astronomy and the
microcomputer. Other articles describe how astronomy is
being used to stimulate interest in science in Barbados,
the nature of astronomy education in Beijing in the
People's Republic of China, the astronomy education
activities in Egypt, an astronomy course for Spanish
teachers, the IAU-UNESCO International School for
Young Astronomers in Hvar, Yugoslavia, and the teaching
session at the Second Latin American Regional
Astronomical Meeting.

Science Education: A Case for Astronomy, Donat G.
Wentzel. Printed and distributed by the Astronomy
Program, University of Maryland, College Park, MD
20742 U.S.A.
This is a combination rationale and description of
an effective astronomy course for non-science students at
the college level. The integration of astronomy with
various aspects of society are emphasized. The 8-page,
single-spaced description is accompanied by a list of 26
references. The University of Maryland Astronomy
Program staff are interested in receiving copies of all
papers related to the field of astronomy.
"Maps, Music, and the Planetarium," The Social Studies,
May/June, 1980 (VoL 71, No.3), pp. 109-113
Gerald L. Mallon.
Planetarian
Gerald
Mallon
makes
excellent
suggestions for an interdisciplinary lesson using a modified
geocentric Earth projector, celestial coordinates, and
musical selections. A good set of recommended music for
activities is included. Directions are given for preparing a
set of latitude and longitude grid lines for projection.

The Vice President of our College, and my
employer, has made the following statement to me: "In
any professional society, the work is shared. One makes
his contribution, then turns over those duties to the next
person." He then suggested that it was time for me to
do exactly that.
I will now follow that advice which he gave me five
years ago!
Ronald N. Hartman
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INDIANA'S PLANETARIUMS
Bill Stallings
Merrillville High School
Merrivillvile, Indiana 46470

With the tremendous explosion of interest about
space and in the late 1950's space sciences, schools and
universities were encour aged to offer and promote
courses in the space sciences. To help in this drive to
encourage courses in all sciences, the United States
Congress passed the National Defense Education Act in
1958, partially in response to the Russian launching of
Sputnik 1. This growth in teaching about space and the
space sciences eventually led to the construction and
staffing of many small scale Planetariums.
In the early 1960's, local Boards of Education
staffed these planetariums with any person who expressed
an interest in astronomy or the space sciences. Many
times these people had little or no formal training in
these subjects or in Planetarium work. Teachers who held
degrees in such widely divergent areas as music, art, or
English found themselves lecturing about the universe.
There is one story of a person who held a degree in
biology being put in charge of a Planetarium because the
local Board of Education thought that a Planetarium was
a place where one grew plants.
By the 1970's, a core of well-trained Planetarium
professionals had developed. These people had the
necessary training in astronomy and the sciences along
with the communications skills needed to run a
Planetarium. Gradually these professionals carne to
control most of the Planetariums in the State of Indiana.
This takeover was slow and the people moving into
Indiana's Planetaria already held degrees and certifications
in other fields. Therefore, the State Commission on
Teacher Licensing and Certification never developed a set
of guidelines for outlining the educational background
that a Planetarium director in Indiana should have.
Consequently, there is no method by which PlaNetarium
professionals in Indiana can apply for certification in
their field.
With this situation in mind and an interest in
evaluating the potential of Indian's Planetaria, I have
investigated the educational backgrounds, daily activities,
and responsibilites of Planetarium professionals in the
State.
A pair of questionnaires was used to gather the data
for this study. One was designed for Planetariums
associated with school corporations and the other for
those associated with museums. The questionnaires were
administered during a meeting of the Indiana Planetarium
professionals held as part of the Great Lakes Planetarium
Conference. This conference was held at Abrams
Planetarium on the campus of Michigan State University,
East Lansing, Michigan from October 8-11, 1980. Any
Planetarium professional who did not attend the
conference or any Planetarium not representated at the
Abrams conference received a questionnaire by mail
during the two weeks following the Abrams conference. A
follow-up letter was mailed out in early February to those
who had not yet responded. Forty of the fifty-one
Planetariums in Indiana replied to the questionnaire. The
others were contacted by telephone in March, 1981.
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This study indicates that, in general, a Planetarium
in the state of Indiana is characterized by:
1.
A medium-sized Planetarium projector (i.e. a
Spitz A3P, A4, 512, or Viewlex Apollo).
2.
A dome that is between twent y- and
thirty-feet in diameter.
3.
A seating capacity of between forty and
eighty permanent seats.
4.
Yearly attendance between 2,500 and 7,500
people.
A Planetarium professional in the state of Indiana is
characterized as follows:
1.
Primarily a teacher.
2.
Holds either an undergraduate degree in a
science, or a greduate degree in a science, or
both.
3.
Spends one to three hours per day in the
Planetarium. The rest of the school day is
allotted to normal classroom duties or other
acti vi ties.
4.
The pay scale for a Planetarium director, who
is considered a teacher, falls between $11,000
a year and $22,500 a year. If the Planetarium
director is considered an administrator, the
pay scale falls between $16,000 and $25,000
a year.
5.
Over half are affiliated with either the Great
Lakes
Planetarium
Association,
the
International Planetarium Society, or both.
6.
Over half have extra-curricular duties such as
clu b sponsorship and coaching.
7.
Has the following responsibilities and the
authority to carry out these responsibilities:
a.
scheduling.
b.
arranging transportstion.
c.
program presentation.
d.
program development.
e.
light maintenance.
f.
planetarium budget.
g.
staff (if more than one staff member).
The findings of this study lead to the heartening
conclusion that the state of health of Indiana's
Planetariums is good. It could be better, however in light
of the financial conditions existing in Indiana schools
today, their state of health is excellent. Even though two
Planetariums have been closed for fiscal reasons, three
new ones have opened.
Secondly, if more Planetarium direcotrs were
allowed to spend more time in their Planetariums,
attendance statewide would go up. Table 1 shows that of
the thirteen Planetariums with attendance of less than
2,500 people per year, ten of these are in school
corporations which allow the Planetarium director to
spend only one hour per day in the planetarium.
Now Table 2 demonstrates that a total of sixteen
Planetarium directors in Indiana spend only one hour per
day in the Planetarium. Excluding two Planetariums
associated with universities, that leaves four school
Planetariums with attendance greater than 2,500 people
per year where the director is allowed to spend only an
hour per day in the Planetarium. If the director were
allowed to spend more than one hour per day in the
Planetarium, it is clear from the graphs that the yearly
attendance would go up accordingly. More students and
parents throughout Indiana would be able to experience
and enjoy their Planetariums.
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The study also reveals an excellent degree of
commonality among the educational backgrounds and
responsibilites of Planetarium professionals in Indiana. At
the undergraduate level, 89% of all planetarians in Indiana
have a degree in a science (Table 3) and when the
graduate degrees are considered (Table 4), this figure
reaches 95%. Only two directors in Indiana do not have a
degree in a science at either the undergraduate level or
the graduate level. There is also commonality among the
responsibilites handed
Planetarium professionals in
Indiana. Referring back to item number 7 under the
general characterization of Planetarium professionals, it
was found that these responsibilites, and the authority to
carry them out, were common to most, if not all,
Planetarium directors in Indiana.
Because so many of the Planetarium directors in
Indiana are allowed to spend only one hour per day in
the Planetarium, there is far less commonality in the daily
activities of Planetarium professional in Indiana. Some
directors spend one hour per day in the Planetarium and
four hours in a normal classroom; some spend the entire
day in the Planetarium. Many directors have duties,
teaching and otherwise, outside of the Planetarium. Thus
it is very hard to accurately describe a "normal" daily
schedule for a Planetarium professional in Indiana.
A major conclusion from this study is recognition
of the need for certification requirements and a licensing
procedure in the area of Planetarium Education for the
State of Indiana. Even though there are forty-seven
Planetariums operating in school corporations throughout
the state, there is currently no method by which
Planetarium directors can apply for certificates in their
field. The specific recommendations for a certificate are
discussed below.
Colleges and universities in Indiana should institute
programs to help in the development of new Planetarium
professionals. Currently there are only two schools in the
United States that offer training in the field of
Planetarium Education and more are sorely needed. As
the United States begins reaching back into space via the
Space Shuttle, it is imperative to have a well-trained
group of people available to explain what we are
attempting to do and where, conceptually,
we are
attempting to go. The programs instituted by the colleges
and universities could easily be integrated into existing
science education programs. Student teaching experiences
in a Planetarium should also be provided. This would not
be as hard as it sounds as all colleges and universities in
Indiana have access to a nearby Planetarium, either on
campus or in a nearby school corporation.
From the findings and conclusions of this study, I
make the following recommendations:
1.
Planetarium directors in Indiana be allowed to
spend more than one hour per day in the
Planetarium. I am not advocating that they be
allowed to spend the entire day in the
planetarium, although that would be ideal. I
recommend something in the neighborhood of
two to four hours per day.

2.

3.

4.

5.

Certification in the field of Planetarium
Education be established with the following
requirements:
a.
Degree in science.
b.
Fifteen hours extra in Astronomy above
and beyond what is normally required
for a science degree (unless the degree is
in Astronomy).
c.
Student
teaching experience in a
Planetarium.
"Grandfather" clause allowing anyone in the
Planetarium field in Indiana as of September
1, 1981, to apply for the new certificate
without meeting the requirements in number
2.
If a new Planetarium opens, the director
should be given the following responsibilities
and the authority to carry them out:
a.
Scheduling.
b.
Arranging transportation.
c.
Program presentation.
d.
Program development.
e.
Light maintenance.
f.
Planetarium budget.
g.
Staff (if any).
Colleges and Universities in Indiana should
institute programs in Planetarium Education
based upon the recommendation # 2 which
could be incorporated into existing science
education programs.
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What's New?
James Brown
Editor's Note:
Before writing the following column, Jim Brown's planetarium
was closed because of funding problems.
We are happy to report he is now on the staff of the Adler
Planetarium, Chicago, III.
In this issue, Mr. Brown will begin covering the new "MiniPlanetariums".

The first of these small star theaters is the
STARLAB, built and sold by Learning Technologies, Inc.,
435 Newtonville Avenue, Newton, MA 02106. The
specifications of their product are as follows: dome
diameter, 16 feet; height, IOYl feet; weight, 42 lbs.;
power, I15vac, 2.7 amps; seating capacity, 30 adults; star
projector weight, 8 lbs.
The STARLAB Model SL-200 system is an
easy-to-use, full size, portable planetarium. STARLAB
incorporates design innovations in mechanical and optical
engineering to provide a system capable of augmenting
astronomy and the sciences at a relatively low cost.
The dome is made from a nylon reinforced
flame-retardant industrial grade 6-mil, polymer fabric. It
inflates, with the use of a standard home-type fan, in less
than five minutes. The bottom is entirely open so that if
an emergency situation requires immediate evacuation, all
you need do is pick it up and walk out!
Star images are created by a .03" diameter point
source through a cylindrical mask. Star locations are
accurate to within one minute of right ascension and six
minutes of declination. Over 3,000 stars are projected to
a limiting magnitude of 5.5.
Various projection cylinders are available that fit
the projector base. These are as follows:
SL-22I Starfield cylinder, standard equipment with
the unit. SL-227 Starfield cylinder, south centered,
simulates the night sky in the southern hemisphere.
SL-222 Constellation cylinder, displays the 48 major
constellations and the ecliptic. SL-228 Earth
cylinder, projection of the entire terrestrial globe
including all land and ocean masses. SL-226
Celestial coordinate cylinder, displays a full
projection of 3,000 stars against a background of
the celestial coordinates. SL-229 Biological cell
cylinder, the inside of a "universal" cell showing
organelles and cellular processes. SL-234 Plate
Tectonics cylinder, a global tectonic projection
based on the work of Dr. Paul Lowman of Goddard
Space Flight Center. It shows ridges, faults, and
volcanic activity for the past one million years.
SL-235 Mythological constellation cylinder, artwork
for classical Greek constellations. SL-236 American
Indian Constellation Cylinder, outlines from Indian
mythology, including Long Sash, the Great Bear,
Grizzly Sisters, Spider God, and many more.
SL-230, Deep Sky Object cylinder, showing over
100 deep sky objects color code-;! for easy
recognition.
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Each cylinder has a price tag of $280. and the unit
comes with SL-221.
The basic STARLAB system costs $4,950. and the
Deluxe Traveling STARLAB system costs $6,450.
I have seen the unit in operation and was impressed
that such a small, compact device could be so versatile. If
you are in the market, give them a call or drop them a
line.
Now please read the following article for a
first-hand account .

STARLAB: THE SASKATOON EXPERIENCE
Ron Waldron

Manitoba Planetarium
Winnipeg, Manitoba, Canada
Editor:s Note:
Ron Waldron has joined the staff of the Manitoba
Planetarium for one year as a Planetarium Intern in a
training program operated with the help of the National
Museums Association of Canada, Museums Assistance
Program. He was previously employed by the Saskatoon
Board of Education where he was active in developing
Astronomy education programs and in initiating and
operating a STARLAB portable planetarium project.
Students today are growing up in an age where
knowledge of the world we live in can no longer be
thought of in terms of a small planet orbiting around a
medium-sized star. Recent discoveries by astronomer
coupled with thousands of photographs taken by space
probes have brought knowledge of our universe out of the
observatories and into the minds of children. The success
of Space Shuttle has signalled a re-entry into the space
age where the teaching of astronomical concepts will
become increasingly important.
Astronomy has for many years been an important
part of science curricula in the province of Saskatchewan.
Teachers, however, have often found the teaching of
astronomical concepts difficult because of the complex
nature of the material and the difficulty in keeping pace
with new discoveries. Adding to these difficulties is the
fact that a true study of astronomy must include some
star and constellation identification, an evening activity
best done outside the classroom and away from city
lights.
As a teacher with the Saskatoon Board of
Education, I was aware of the difficulty in teaching
astronomy in a classroom environment in the daytime. I
had always been interested in planetaria because of their
ability to reproduce the evening sky in daytime and
present astronomical concepts in a way not possible in
the classroom. Saskatoon is a small city of about 160,000
people and no planetarium facilities were available in the
city or in any other area of the province.

In April of 1978, with financial assistance from the
Saskatoon Board of Education, I attended the annual
convention of the National Science Teachers Association
(N.S.T.A.), I chanced upon a display sponsored by a
company called Learning Technologies Incorporated.
At first glance, they appeared to be displaying a
large, black, igloo-shaped tent. Closer inspection suggested
that could not be a conventional tent-like structure as
there were no visible signs of support either internally or
externally. Two silver appendages led away from the
hemisphere. One was large enough to suggest an entrance
tunnel but the other was much too small. Closer scrutiny
of this smaller tube revealed the mechanism of support.
Fastened to the end of the tube was an ordinary,
three-speed window fan. The hemisphere or dome was
supported by air pressure.
Fadcinated by this unique approach to a
planetarium dome, I made several visits inside, witnessed a
few demonstrations, asked many questions, and returned
to
Saskatoon with a small brochure advertising
ST ARLAB, the first truly portable planetarium system.
ST ARLAB is an inflatable, 6 mil. Polymer plastic
dome approximately five meters in diameter at the floor
by three meters high. The dome is inflated by a fan
which attachs to the end of a small tube which leads
away from the dome. Complete inflation takes only a few
minutes.
Students enter and exit ST ARLAB through a larger
tube by walking nearly upright. Both tubes lead away
from the dome in an elbow-like fashion to assure no light
can enter during a program inside.
Upon entering ST ARLAB, students seat themselves
cross-legged in a large circle around the perimeter of the
dome. Approximately 30 students can be comfortably
seated at one time.
In the centre of the dome is a small projector which
uses a high intensity lamp and plastic star cylinders to
create a strikingly accurate night sky on the inside surface
of the dome.
The stars can be faded in and out by means of a
rheostat which controls the brightness of the lamp.
Interchangeable mylar film projection cylinders are placed
over the lamp and attached to a transparent plastic
platform with Velcro fasteners. These fasteners hold the
cylinders in place to allow the cylinder and platform to
be tilted to correspond with various earth latitudes.
Manual rotation of the platform and cylinder allows the
stars and constellations visible at any time of year and
any time of day or night to be projected. The projection
bulb is held in a vertically stationary position during all
movements of the star cylinders. The lower half of the
bulb is shielded to create a shadow producing an artificial
horizon just above the heads of the audience.
One projection cylinder shows a star field with over
3,000 stars, precisely positioned and with an accurate
range of apparent brightness. Another cylinder shows lines
and stars connected in familiar constellation patterns
based on the designs of H. A. Rey. Additional cylinders
may
be purchased.
These include the southern
hemisphere, a map of the world, celestial coordinates, and
deep sky objects.
When the dome is not in use, it is deflated and
rolled up much like a tent and stored in a canvas bag.
Total weight is just under twenty kilograms allowing it to
be carried by two adults or older students with ease.

The Saskatoon Board of Education purchased the
complete ST ARLAB package in 1979 for just under
$2,200. It included projector, dome, fan, small pointer
flashlight, four cassette tapes describing the seasonal night
sky, and an instruction manual which included many
ideas for activities in ST ARLAB.
Before circulating STARLAB to the schools, we
decided to inservice teachers in how to set up and operate
the equipment. Initially, inservice training was given to
year 6 and 8 teachers because ST ARLAB would most
effectively assist the existing science curriculum at those
levels. The names of the teachers who received mservice
were kept on file at the Central Office Resource Centre
which would handle all bookings and delivery of
ST ARLAB. The equipment could be borrowed by only
those teachers completing the inservice sessions. A
borrowing period of between 7 and 10 days was
established.
While at each school, the way ST ARLAB was used
was to be fairly flexible. Many schools opted to make
total use of STARLAB, housing it in an empty classroom
and scheduling all classes for at least one visit. Other
schools used ST ARLAB in a more limited way,
concentrating on students at the year 6 to 8 level. It was
immediately apparent that the school with ST ARLAB had
something new and very exciting. It was not difficult to
detect the buzz of excitement in students before and
after the ST ARLAB experience.
Anything that must travel from school to school, be
set up and taken down again, will begin to show its age
very quickly. Maintaining STARLAB was and still is a
major consideration.
Our approach was to have ST ARLAB checked over
at least three times a year-during Christmas and Spring
breaks and again at the end of the year. After two and
one-half school terms of full usage, we are pleased that no
major difficulties arose in maintaining ST ARLAB.
However, small problems did occur frequently.
The most prevalent problem was small pinholes
which would appear in the fabric of the dome.
Occasionally they became large enough to add additional
stars to the simulated night sky. These holes appeared to
be caused by the stress placed on the fabric by the
weekly folding and unfolding cifthe dome. ST ARLAB came
with a small repair kit consisting of additional dome
fabric and the proper glue. Larger holes were kept under
control by patching them much like you would patch the
inner tube of a bicycle. The smaller pinholes occurred in
such large numbers that patching them would be an
impossible task. It was found that they were not
bothersome if the room light outside the dome was
sufficiently dimmed or darkened totally while a program
was being conducted. A suggestion to dim these lights was
placed in the teacher's manual which accompanied
STARLAB.
Because the entrance tunnel is the only area of the
dome with a floor in it, much wear and tear was
anticipated in this area. Students were asked to remove
their footwear before entering. Students are more than
happy to do this and it reduced considerably the amount
of wear.
The entrance to the large tunnel is constructed on a
self-closing hinge much like the bicuspid valves in the
heart. Two large metal eyelets act as hinge points for this
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door. During the first year of use, these eyelets quickly
gave way and the fabric surrounding them began to tear.
The problem was solved by taking the dome to a local
tent and awning manufacturer who proceeded to resew
and reinforce the hinge areas with additional fabric
making the door area stronger than it ever was. No
problems have been encountered since this was done.
Other stress areas in the dome ai"e the edges of the
fabric at the base of the dome on which children sit
during STARLAB demonstrations. Minor tears would
open up from time to time. These were easily taped with
cloth bookbinding tape and became less of a problem
when all edges were reinforced in this manner.
The one small problem with ST ARLAB that caused
us the greatest concern was perhaps the least expected. It
had nothing to do with the most vulnerable areas of
ST ARLAB, the dome and projector. Instead it was the
small pointer flashlight; a key part of any STARLAB
presentation. If it is not working, you do not have much
of a show.
The problem was that the flashlight kept breaking.
This was due to weak construction but also from being
dropped or stepped on while in use. We were replacing up
to four broken flashlights each year.
After two years we had accumulated quite a
collection of spare flashlight parts which someone
suggested may become handy for repair purposes.
Unfortunately the parts we were collecting were the parts
that never broke.
The solution to this problem has not as yet been
found. We have installed a small metal clip to hold the
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flashlight onto the projector stand and continue to look
for a suitable pointer flashlight of sturdier construction.
Based on my experience, STARLAB is clearly a
worthwhile investment for school divisions who have no
access or limited access to a planetarium. Although it can
never replace the ex perience provided by large planetaria,
it is most effective as a visual aid to complement
classroom instruction. With it a teacher can personally
demonstrate astronomical concepts and motions as well as
teach sky mythology and constellation patterns in the
daytime and in a classroom environment.
The manufacturer offers support for its STARLAB
purchasers. These support services range from a newsletter
and assistance with any repairs to the dome to a complete
factory refurbishement and updating of an older model.
STARLAB has improved since we purchased our first one.
Newer models include a projection bulb with extended
life and higher brightness, motorized drive to demonstrate
daily motion, sun, and phaseable moon projectors, and
several additional cylinders to project geographical,
geological, and biological phenomena. The entire system
has been made more durable by changes in entrance
tunnel design and the addition of heavy duty travel cases
for all equipment.
As a result of these modifications and because of
inflation, ST ARLAB has tripled in price since 1979. Even
so, it continues to be a worthwhile investment offering
high return for the money spent. It has been a pleasure
for me to be a part of the ST ARLAB experience and to
see that pleasure reflected in the eyes of so many
students.
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COLOR AND VISIBILITY
William T. Peters
Manitoba Planetarium
Consideration of the effects of the color of room
illumination and of projected visual materials can lead to
a more comfortable and enjoyable experience for
Planetarium patrons and staff members. The quality of
the illumination that has previously reached the eye
strongly influences its ability to dark adapt, and the color
of a projected visual strongly affects the viewer's ability to
see detail in the visual.
William Miller, of Hale Observatories, recently
reported on the nature and preservation of dark adaption
in issue #24 (1980) of the American Astronomical
Society Photo-Bulletin. Miller enumerates the factors
which improve the ultimate dark-adapted sensitivity of
the eye:
1.

Youth:
Dark adapted sensitivity decreases with
age.

2.

Diet:
Vitamin A, qumme, and carbon-sulfide
compounds benefit dark adaption.

3.

Health:
Improved health, including physical
condition and general eye condition
improves dark adaption.

4.

Heredity:
Good or poor dark adapted sensitivity
may be transmitted genetically.

5.

Practice:
Photographers and astronomers dark
adapt
more
rapidly
than
those
infrequently exposed to extreme changes
in light levels.

6.

Pre-exposure:
The time to reach full dark adaption is
strongly influenced by the brightness and
duration of previous exposure to high
light
levels.
The
nature
of the
illumination prior to entering a dimly lit
environment is also very important.

While an astronomer or a planetarium professional
can have control over all but numbers one and four of
these in his or her work, in designing planetarium
experiences for our audiences, we have control only of
the pre-exposure. However, we must take the other
factors into account. From the looks of the crowd at
planetarium conventions, I judge that the members of our
profession have a relatively youthful median age and
typically have good health. Also we are likely to have a
well-practiced dark adaption facility. Thus dark adaption
arrangements
that
we
find
adequate
may
not
accommodate many members of our audience.
All planetariums should be designed to control the
pre-exposure illumination before both staff members and
patrons enter the planetarium theater. Miller finds that the
worst possible kind of room illumination prior to dark
adaptation is provided by pulsed light sources that are
rich in short wavelength energy. Florescent tubes and
dome types of arc light sources fall into this category.
Incandescent light sources are superior, unless they are
blue filtered.

The pre-exposure light levels should be as dim as
possible and ideally they should be filtered to the very
long visual wavelengths, ruby-red. The eye can achieve
dark adaptation extremely rapidly after even prolonged
exposure to normal levels of pure red illumination.
Exposure to shorter wavelengths rapidly degrades the
recovery rate.
The solution to maintaining dark adaptation that
has been adopted at Hale Observatories is the use of a
pair of dark red goggles. Physicians giving fluoroscopic
examinations adopt the same strategy, flipping the goggles
into place when they must leave the dim laboratory with
its faintly glowing x-ray screen for a brightly lit office.
This sounds like it would be a useful trick in the
Planetarium business. Often we must adjust a projector by
looking into the dazzlingly bright slide gate, only to try
and see the projector's faint image on the dome a
moment later. Sliding the goggles into place when looking
into the projector, or when leaving the dim theater to go
briefly into a brightly lit shop might speed our work and
make it a bit more comfortable. Miller recommends the
goggles supplied by companies selling x-ray equipment as
fitting comfortably over glasses and being easy to slip on
and off. These goggles allow normal type to be easily read
under normal room illumination.
Of course we cannot supply our audiences with
goggles, so we must simply keep the right principles in
mind when we design planetarium entrance galleries,. star
theater illumination, and the opening sequences for our
programs. One major and annoying flaw in numerous star
theater illumination systems that I have seen is the
visibility of the 1illlinaries. I find it completely
unaccountable that an architect would design a fine
system of indirect illumination for a planetarium theater,
and leave the lights positioned so that members of the
audience can look directly into them. The problem is
compounded by the Magpie Effect. The brightest, most
colorful thing in the room will draw a good portion of
the crowd for a better look, to the complete destruction
of any dark adaptive advantage built up by a well
designed entrance gallery.
Since red is such an advantageous color for
preserving dark adaptation, it is the color that should be
used for control console illumination and labelling. This
has two other advantages. The eyes focus red well, so a
small red label is likely to be more readable than one
illuminated by blue or a mix of colors. Also red labels
will show up if the user happens to have red goggles in
place.
Much as I am advocating red lighting here, I have
had one bad experience with it. When I gave my first
planetarium lecture in a Spitz A-3P installation, I
carefully prepared my notes in red ink on white paper. I
liked the crisp red letters that this produced on the white,
backli treading table on the Jena console I had been used
to running. When I carne to present my Spitz show I was
in for a shock. The reading table, the only thing I hadn't
checked out, came on red. All my carefully printed notes
became invisible! Somehow I recovered from this last
nasty last minute surprise and remembered enough to
present a plausible show.
In preparing slides for projection in the planetarium
theater, I noti ced that, to my eyes, Kodalith line
drawings and print appeared distinctly sharper when
projected through a red, orange, yellow, or green filter,
compared to a blue, violet, or purple one. I :nquiries of
my colleagues confirmed that I wasn't unique in this

contined on page 5
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SNAILS AMONG THE STARS
Dorothy E. Beetle

Director
Patterson Planetarium
2900 Floyd Road
Columbus, GA 37907
Setting up a telescope and looking at the stars has
always been a delight for me, but equally I enjoy
tramping through the woods to look for land snails. Now
snails and stars may seem very far apart, but on occasion
they do meet.
Near Hyginus Rill in Mare Vaporum is a formation
marked Schneckenberg on German lunar maps. This is
Snail Mountain, which, unlike Trilobite Mountain along
the Hudson River in New York state, has neither fossils
nor recent shells. It marks the ruins of a fortress that
guarded an ancient city on the moon. Or so a Munich
astronomer, Gruithuisen, thought. In 1822 he published a
drawing of the fortress as he saw it through his small
telescope. A compatriot, Madler, ridiculed this fortress of
the selenites and drew a rather featureless area with
mountain ridges crisscrossing.
Snail Mountain is still there. It looks regular enough
to be artificial and fancy may show you what appears to
be the spire of a gigantic snail shell whose lower parts are
covered with mud. Our clearer views of the formation
show what probably was an ancient lava flow that buried
crater walls and valleys, leaving a few isolated ridges
projecting above the lava.
Our second star-snail com bination involves the
circumpolar constellation of Draco. This group of faint
stars' that winds between the Dippers is not an easy
constellation to see, except for the diamond-shaped head
pointing at Vega. According to Babylonian records a few
faint stars near the end of the dragon's tail make up a
snail hitching a ride. Very early Hindu records depict a
porpoise or an alligator in place of a dragon. Either of
these watery creatures would be more logically associated
with a snail. Snakes and birds are much better represented
in the sky. This is the only mollusk and not really one of
the 88 constellations. There seems to be some animal
chauvinism here.
Our third subject is Venus which triples as a planet,
goddess and worldwide genus of clam. Legend has it that
she sprang full-grown from the foam on the waves and
floated ashore on a scallop shell. A well-known painting
by Botticelli depicts her stepping ashore, modestly clad in
her long hair. Attendants are rushing in from all sides
with flowing robes to drape her in. It just would not have
been as effective a picture if they had arrived on the
scene first.
The scallop shell Venus floated on is abundant in
the Mediterranean Sea. Crusaders who had successfully
made the pilgrimage to J erusalum wore a scallop on their
cloaks. The scallop is a popular motif in art, which you
see as the sym bol of Shell Oil Company.
Polynesian people daringly ventured over open
waters of the Pacific and settled Rarotonga by 500 B.C.
They discovered and settled group after group of volcanic
and coral islands. By 1000 A.D., they had reached
Hawaii. Regularly they made their way across the
trackless waters north and south of the equator from
Rarotonga to Hawaii to Easter Island to New Zealand,
thousands of miles. As guides they used the stars near
both the north and south poles of the sky, as well as
others that rose directly east along the celestial equator.
These master navigators fashioned stick charts of
bamboo strips and cowrie shells. The shells represented
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islands of a group. The curved bamboo strips showed the
currents that flowed around the islands. In their frail
outrigger canoes, Polynesian sailors trusted their stars and
shell maps, as well as using the direction of long ocean
swells, clouds that hung over mountain tops and the
flights of sea birds to guide them to their meager
landfalls. The Mariners Museum in Newport News, VA has
a copy of an old stick chart on exhibit.
In 1952, a limestone quarry in Sweden yielded a
puzzling slab containing an object 10 cm. wide. A guess
was hazarded that it might be a clump of algae around a
stone that had been washed up on an Ordivician
seashore. At any rate it was shelved with the usual batch
of unknowns for later examination. In December 1979,
the black inclusion was reexamined with the idea that it
could be a stony meteorite. The Siljan Ring, 200 Km to
the south, is an impact structure.
It appears to be a stony meteorite of the
H-chondrite class. The rounded microscopic chondrules it
contains retain the original structure. But the meteorite
itself can be considered a fossil because almost all its
original minerals have been replaced. The olivine,
pyroxene, iron-nickel, and troilite no longer exist. At
present, it is composed mainly of calcite and barite and
some cobaltite. The only primary mineral remaining is
chromite.
But the connection with mollusks? Well, crushed
alongside the meteorite was a cone-shaped shell of a
cephalopod. In Ordivician waters these distant relatives of
squid and octopus had straight conic or eIa borately coiled
shells. It seems the meteor crashed into a shallow bay,
struck the cephalopod and killed it. Cosmic rays age the
meteorite at 463 million years.
Stray meteorites have killed birds, sheep, a few
cattle, a dog, and a colt. A cow was skinned in
Pennsylvania in 1938! As for humans, two sailors' were
killed in 1647 in Italy. A monk was killed in 1511.
There's a biblical record in Joshua of men being killed,
but the earliest written record dates to 1900 B.C. from
China where "many were killed by great stones from the
sky." This is a very sparse record in consideration of the
tons of meteorites that rain down on the earth each year.
If you can manage to be struck by a meteorite, you will
have a clear shot at fame.
There are only a couple of suspected meteorites in
the fossil record. There is a 785 gram mass in Tertiary
lignite in Austria. An Eocene borehole in Texas brought
up a small iron-nickel meteorite. It has been suggested
that the nickel mines on the Canadian shield mark the
site of an astrobleme. On impact, the heating and
fracturing of rocks permitted minerals to be concentrated.
As capricious as the fossil record is in preserving items
from the past, perhaps a handful of probable fossil
meteorites is a good recovery rate.
And lastly, by the light of the silvery moon, it is
not only lovers who stroll along. Schools of squid, gazing
at the moon, jet along near the surface of the ocean.
Fishermen have long known of this squidly penchant for
moongazing and lure the animals by torches or bright
lights when the moon isn't on the job.
NOTE: Having struck something, we refer to the body as
a meteorite, rather than a meteoroid; the latter
name being the proper term for the body prior to
its Ian ding.
Further Reading
For a list of astroblems see:
Robertson, P. Blyth, "North American Meteorite Impact
Sites," in The Observers Handbook, 1982, available
from the Royal Astronomical Society of Canada,
124 Merton Street, Toronto, Canada M4S 222.

We Planetarians spend innumerable hours producing
shows which "grab" the audience. We have a definite idea
of what lasting impression we want to create: awe,
wonder, etc. But our audiences are as variable as the stars;
their reactions constantly surprise us. For exam pIe:
-{:{

Planetarian Jack Dunn of Lincoln, Nebraska began a
show with some really beautiful music. An
exclamation was heard from the audience: "If I
don't see anything else, I will have gotten my $ 2.
worth!"

*

-{:{

A "current night sky" show at the Chatham,
VA planetarium concluded with fast diurnal
motion and a sunrise sequence, backed up
with the rousing "Alpha" cut from "The
Music of Cosmos" album. Henry Mitchell was
approached by a solemn-faced lady: "That
was a very nice program. I certainly learned
one thing: a planetarium is NOT the place to
be when you have a hangover!"

*

Jim Manning of the Morehead Planetarium in
Chapel Hill, NC reports seeing the following letter
to the editor in a local newspaper: "The
articles . . . in your paper about the planet Saturn
remind me of the time 1 saw it over Durham in
1918. It was about the size of a tennis ball and
turning within its rings of different colors. It was
also making a shsssing noise as it rotated. It was a
beautiful sight to see, and the time of night was
around 10: 00. Has this planet ever been that close
to earth before or since?"
James Brown in
Norwood,
Ohio sent an
announcement of a Descriptive Astronomy course
he would be teaching to a local newspaper. He was
startled to see the subsequent News Brief which
Big
headlines
announced:
"Local
appeared.
Planetarium Director Teaches DC Astrology Class."
The accompanying article further mentioned that
his planetarium was "one of two fully-operational
astrological facilities in the Cincinnati area."

*

Some planetarium shows attract audiences from far
a way. Larry Miller, in Nashville, reports the arrival
at his planetarium, by taxi, of a flight-suited pilot
flying in from Florida. He set down his T-38 chase
plane long enough to rip over to see the show, then
rushed back out to the airport, by taxi, to continue
his flight. (He had heard about the show from his
parents, who live in Nashville.)

A trucker-type (burly, "Peterbilt" cap, sports shirt)
male and his family showed up to see a "star show"
at Sudekum Planetarium in Nashville. Told that the
next show was, instead, a Laser show, they had a
family conference and decided to go ahead and see
it, even if they didn't know exactly what it was.
After the Laser show, the man came up to
Planetarian Larry Miller and said, "Hot damn! 'At's
a lotta fun, ain't it?" They obviously had so much
fun that they returned to see the alternating star
show at a later date. When they entered the
planetarium, the "trucker" said, with obvious
gleeful anticipation, "You gonna whomp them
lasers on us like that 01' boy did the other night?"

Overheard:
Ken Hewitt - White of Macmillan Planetarium in
Vancouver has been taking around elementary
lessons as part of the planetarium's outreach
program. In the lesson about how sunlight affects
living things, he asked students to choose something
which he could explain as an example in the
food-cycle chain; they chose a MacDonald
ham burger.

*

Rita Fairman relates that at the February 1979
eclipse in Canada, she met a novice observer who
had been given a Questar, Nikon, and cassette
recorder by his planetarium to record eclipse
activities for his school district. He didn't know
how to attach the camera to the telescope; she
showed him how, using an adapter.
After the eclipse, she ran across him again.
Rita: "How did it go?"
He: "I forgot to take the adapter so 1 didn't get
any pictures."
Rita: "Too bad! Well, at least you have the cassette
recording to take back."
He: "Well . . . not really. You see, this is my first
eclipse, and all that came out on the tape was stuff
like . . . 'Holy shit! My God! Look at that!' "
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