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Foreword

Planetarium educators have one of the happiest of professions. Almost all
of tis really enjoy what we do and believe that our 1work in communicating the
excitement of astronomy and other sciences is important. Planetarium people
are chronically underbudgeted 'and overworked, but we have the opportunity to
be scientist, teacher, actor, magician, and general ham to hundreds if not
thousands of people a year.

One of the few fundamental dilemmas we seem to have is trying to bal-
ance education with entertainment. Debate about where the balance point should
ccur has been going on since the first planetarium program. Some school
shows have been criticized as being too dull (all education) While some big
planetariuma-tave been accused of presenting flashy programs with. no sub.:
stance (light shows that are all entertainment). .

o

This workshop has been developed by the autholi and their many colla-
borators as a tool for enhancing planetarium education and entertainment for
any audience and any occasion. Over the past SeVeral \years we have found stra-
tegies for making science content more entertaining and simultaneously more

*meaningful to geneKal audiences. These strategies include lechniques for
selecting and Tau ing content and for actively involving the visitors in the
planetarium iiiograrn. We. welcome your 'comments on these strategies, and
your suggestions for improvements.



.
If you have access to a planetatium and are interested in learning more

about kw .to use it to promote Science learning, this_workshop, is addreisted to

Y911,
The Planetarium Edueator's Workshop GUide is intended to be used by any

group of planetarium educators who want to get together to experiment with
new techniques. This group of educators may be the staff of a single Plane-
tarium, attendees at'a planetarium association meeting, a few elementary school
teachers who have access to a school planetariuM, or College instructors who
have decided to clean the cobwebs off the campus planetarium projector. While
an individual planetarium instructor may find tIO Guide useful, it is design6dlci
be most. effective (and most enjoyable) for a group of people who are willing to
spend a few hours Sharing ideas and challenging each other's assumptions.

The first appendix of this guide giveS a few tips on organizing and con-
ducting a workshop in your area.

(11

[2]

The goals of the workshop Program are to enable you-to: .

Select realistic goals and effective
groups of planetarium visitors.

Involve your visitors in active inyesti
including public shows.

leacfling techniques for particular
Ifr

gationsduring planetarium programs,
.c

[31 Assess programs to find 9ut which elements are working best in 'helping
visitors learn-from their planetarium visit.

While the authors of this workshop- guide are enthusiask about active
("participatory) learning in the planetarium, our purpose is nOt to prescribe any
one technique feOr developing planetarium programs, nor ,to Criticize:poor tech-
niques: Rather,. the workshpp modules present a variety of perspectives for
vieWing what occurs in a planetarium, and a number of specific, useful stra
tegies for creating prograrris.

In 1977; we obtained support front the National \Science Foundation to
develop and implement workshops to share these techniques with the plane-

.

: tarium community. liVe prepared a first *aft of this workshop *guide and
presented five.workshops during the' SuMmer of 1978, tat . Berkeley; California;

, Staten Island, New York; Cleveland, Ohio; Herndo , Virginia; ihid Dallas,
Texas. Over 100 workshop participants suggest provements that were
included in subsequent drafts of thia guide. The 4rkshop participants are now
prepared to present this progrant to their colleagues. .

We hope you will find these strategies for developing planetarium pro-
grams useful tools as you create your own sky theater presentations..

- .

.1
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Module 1

COMMUNICATION

S.

The,objective Of this 'activity is to pravide an opportunity forqou to switch roles
with a visitor and experienCe three different teaching.Wchniques, involving ithree
different levels of interaction with an instructor.

Here is a siinple exercise that quickly
leads to fundamental issue; in planetarium
education. Begin by separating worksIttp
participants into groups .of three: Each
group selects one Member to be an "instruc-
tor." The other two- are "visitors," who sit

. facing the instructor: The workshop leader
places a drawing So that:only the instruct*
can see it. Each instructor's task is to
describe the drawing so that the viSitors,
'using paper and ink markers or crayons, can
reproduce it as accurately as possible in
three.minutes. The instructors are asked to
limit themselves to certain teaching tech,-
niques for each round .0 the &Tie as
degribed on the following page.

At the end of three mirfutes, instruc-
tion ends and the visitors can compare their
work wit the original drawing. ,Instructors
and visitors discuss the difficulties they.

encountered in: this task, and identify the
teaching strategies that seemed to work best.
For each round of the game a new drawing

As placed on the wall, and the rules are
changed slightry to permit different levels of
interaction between the visitors and die
instructOp. You can also switch, roles each
round so that each person has the opportun-,

.ity,to play "instructor" and "visitor."
After each round of the activity, stop

to discuss with ,the rest of the group, the
effect of changing the rules to peraiit more
interaction between the visitors and the
instructor.- How does your ability to under-
stand what is being communicated change?
What instructional strategies become. possi-
ble as more interaetion is permitted? Jot
doWn the insights which you feel, are most
important. -

A I' LOOK AT BOARD

NO QUESTIONS
NO GESTURES.

1NsrRUCrokS
'CAN ' r LookAr STUDENTS'

WORK
.

r

,
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;Rules for round #1:ja) Use no gestures. 6) The visitors inay'nOt ask questioni. c) The instruc-
tor cannot see what the visitors are doing. (a bagrier is placed between their papers and the
instructor) .

Insights:

.

Rules for round #2: -a) Use no gestures. b) The visitors niay not ask questions. c) Thetbarriers
are taken away sa the instructor can see what the visitors are doing.

Insights: -

0

si.

:

RUles for round #3: a) Use no gestures. 6) The visitOrs are.pennitted to ask questions during
. the.activity. c) The.instructor can see what the visitors are doing.

Insights:

o

k
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This aCtivrty has -ptoven to tr a
emark-ably efficient' (and fun) way to bring

t mosi bf the stptegies good communica-
s use to get information across. For

px mple, you'll probably notice that analo-
gie are 'a frequent tool. Rather than trying
to describe every detail or the drawing

. belo , an instructor will often say. "It's
shap d like a wave." This 'strategy works

- well as long as the analogy is sufficiently
close, dnd the learner has The same picture
of "a wave that the instructor has. Asllus-
trated below, it may not always be ,approprl-
ate to assume that the yisitors' Image of a-
word or concept is what the instructor had-

._ in mind.

Instructor says: "A Wave.1'.

4

.I1

Viiitor 1 imagines: "A. Wave."v

Interaction between the Visitor and
structor like that allowed in Rounds #2 '

nd #3 is essential to check .such assurtip-
ions and may suggest the Use of othet

analogies, or an entirely different Strategy
for cbminunicating ideas.

This exercise itself is at analogy to the
problem of communicating' an idea in your
mind to your visitor's mind. Our exetcise
limits the idelt to a siMple line dtawing
which ,could be communicated, in a plane-
tarium .by just showing a slide. But even
pictures can be interpreted diffetently by
instructor§ and visitors (see Mbdule 4).:
Communiciting more subtle, scientific con-
cepts, such as Mabn phases, 'the reason for
day and night, itavity, or the nature of a
black hole, requites the instructor to -con-
tinuously Check his of ther assumptions
about how "the visitors are receiving the
Message.

The insights you can gain from' doing
this activity introduce the remainder of this
workbook.. In the modules that follow, vie,
examine Specific techniques planetarium.
educators can use to mate accurate, enjoy:

° able continunication with visitors.

Incorporating more interaction with
visitors will be a constant theme. Every
technique we- discuss, will have advantages

. and disadvantages, and we have . no "sure-
-- fire" guarantees to offer; Techniques that ...

; incorporate more visitor-instructor interac-
tion are mbre effective communidation toola
than techniques that do not, but interaCtion
does- take time. The quapty and quantiry of
communication must .be balanced. We holie.
you will weigh the advantages-and disadvan-
tages -of each tech ique presented in this
workbook.

:. The . following modules- ptesent a
framework for. critically examining plane-.
tarium. programs :(v1odule 2), a Set bf. organ-
ization schemes .for different. modes of,
instructot-viiitor interaction (Module 3),
guide to -visitor perspectives '(Module 4),
-useful' question 'and activity strategies
(Modules .5 & 6), and a final surnmary sec-
tion (Module-7).

Visitor 2 imagines: "A.Wave." .

. .



A,FIUMEWORK, FOR

EXAMINING i'LANg,TARIUk PROGRAMS

The ,ob ective of 'this il)rde
for' ex Wing planetarium p
cussing with other planetari
present.v

oeyou'to become-familiar with oile4ramework
ams. You'll..try out this fratnework while As-
educatorq the kind of programs you'd like to

. o .

:

kverf, planetarium program experience'
can be thought of as.a combination of Wee
interrelated .factors:4The subject of the wo,
gram; *the visitor, and the planetarium
instructor. . These can be represented bz
three interwoven circles.

00-

0 The SubjectThe images, sourids,, facts,
concepts, skills, and attitudes that you wish
to dommuniciite to the visitor.

.

2)' The yisitor--His .or her background
eXperiencesy perspectivis intdests and
learning. abilities:.

t

3> The InstructorAll thel4trategies you,use
to ,communicate the subject tht,program
to the visitor.. :(The actual instrtiFto4 cart tia
a person or,a Olathinee)

s4 4

.

The framework of three interwoven
circles suggests- that effective education
occurs at the inteisection of all three circles.
Considering all three aspects can help you.

. ,create the most meaningful .and enjoyable
1;t learli*ektierience.

. 1

12<'



The &Neer

Ill you had to select only three topics .to Ilesent in this year's schedule of single-visit
1 planetariunfbrograms for the, general public, will would they be and why do you.believe they

are imporiant?
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1.
The Visitors

What are the most Important things You should know, about your visitors4hen a group
comes to the planetariumlor the primary 13Wpdse of learning? Wty is:this information impor-

.
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tarn? *.

INFO ABOUT VISITORS
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IMPORTANCE
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-
he Instructor

. .

, What are three of the:most. effectiveinstructconal techniques gm have used in the.-plane-
tarium? Why do youtieliesie these are important in 'helping visitors lear,11.from the experience?

-7- e

Vim

TECHNIQUEg IMPORTANCE

'

4

.4 ; ..

i
Y i

i

t

0111.4

I

In our trial workshops, we 'found great
variety in the responses various planetarium
educators gave to each of these questions,
because the particular subjects, visitors, and

:instruction techniques are different for each
of us. Even with these differences, the fol-
lowing modules will help you 'match 'your

s own choices of subjects and instruction tech-
niques with the visitors to your planetarium
for the best result.

t1

Intersecting circle symbols next to the
'title of each "module provide a helpful guide
to the modules's focus. Module 1, for exam-
ple, stressed the interaction between the
instructor and e visitors, so intersecting
visitor's and ins ctor's circles are shaded
to sholk that th interaction between these
two factors is th focal point,



Mod e

ORGANI4TIO

The objective of this module is for you to become aware of six different ways
in which you can organize the planetarium experience for the visitors. ,

'This swim outlines a number of ways
you can interact with your visitors in the
planetarium. As you read about each. pat-
tern of organization, turn back to this page
and list the advantages.,and disadvantages
you see in each. '4*-

Each organization scheme will be illus-
trated by -using a section or ah actual single-

d

1

visit planetarium prggram. In a workshop,
you'll want to try out each section live. If
you are reading this module by yourself, you
might like to look at "Observing a Variable
Star" (pp. 66-67), and the full prograni
"Constellations Tonight " hi Appendix D,
since examples are from those.sources.

Ij
..Organization Advantages

Didactic

--4mall Group Task

Individual,Task

'Disadvantages

Informal Discussion

4.

Group Meeting

Socratic

_



Didactic
Prpnization

In thfsftype of arrangement, you
present .maferlai verbally and/or visually. to
the learners, without expecting any response
trom them. As the diagram illustrates,
'information flow in the didactic mode is
entirely in one direction -- from the iustruc-
tor to the visitors.

Most completely taped shows are
examples of didactic organization, as are live
lecture-Style shows in big planetariums.

A typical didactic presentation on con-
stellations would feature the instructor' tel-
ling constellation mythology, or describing-

the big dipper..to visi _t rs how.to

Didac c organi flop is almost qlways
a part of an 1an6tari m program, even one
which will fea udience participation,

. ,

and visitor interactiqn with the -tinsiructor.
For example, the: program "Constellations
Tonight" (in Appendix D) has an essential
section 'on top of page 121 , in which the
instructor tells the visitors how to use a sim-
ple, one-page .star chart for thp constella-
tions of the season. A few questions to the
audience appear, but the basic organizqtion

of this part of the program is didactic. *hat -
advantages. and disadvantages db you see
with this pattern? Retord your views on
page 10.

Small Group Task
Organization .

The whole audience is divided into
small 'groups by roy or seating section to

tiiite this organiation. Each group is
noren a task to acComplish.

The smalll group task organization
allows each vThitor to interact with other
'visitors while working on a common task.'
Each individual has suffiCient time :to Make
his or her own coOtributiou to the task solu-
tion.

'An example of the small group task
organization may be found in the Sky Map
Activity in "Constellations Tonight" (pages
121 to 122). After the visitors learn how to
use a star- map through a didactic approach,
the audience is divided into groups of four
or five to cooperate in finding an. assigned
constellation in the planetarium sky.



s^' S, .

i) This organization has the: advantage
that visitors can easily help eath other, pro- .

viding mutual encouragement. .

The foll4ing suggestions may contri-
'Mite to.th
tion patterns.

1) Be sure th

ccess of small grtoup organiza-
S.

task is clearlydefined and
understood. 8

2) Provide the necessary materials in,
advance.

3) Check on the progress of each 'group.

4) Hold to a realistic time schedule.

5) If possible, imp each grouP small, not
more than six members. .

6) 'Provide for reports to the larger group
When "tasks are completed.

Turn back to page 10 and lis.t the
advantages and disadvantages of the .small

(group orga zation.

Individual Task
Organization

This pattern of 'organization enables
each visitor to make his or her owg observa-
tion, perform a unique role, or solve # prob.
lem. Thus,' each visitor, becomes physically
and intelleetually involved in the subject you
are presenting: Each individual can be
engaged in a -different task or each can be
assigned the same task. With a small audi-
ence, this pattern allows .you to move grom,
yerson, to person 'to provide information and
assistance.,

I.

For example, the topic of variable stars
can be presented' as an observing and
recording task for' the visitors- to perform
'individually during the planetarium program.
This activity is described in detail in Module
6 (pp. 66-67) and is described briefly here to
illustrate this pattern of organization.

After a, short didactic presen on of
what variable stars are, and how ateurs
.provide useful scientific data on th m, each
yisitor receives a clipboard, Pencil, and sheet
of graph paper. A "variable ital." is projected
'onto the dome. Surrounding stars of con-
stant brightness are labeled with numbers
(via another slide projector) to _show/ their
magnitudes.

-Each visitor estimates the brightness of
the variable star and marks a dot on his or .

her graph to show that estimate. tlictr
"night" a new point is plotted until the visi-
'tors have recorded the entire light curve of
the variable star. Discussions follow this
actiyity. to interpret What the light curve
might mean.

, RecOrd your thoughts about the advan-
tages and disadvantages of this organization
scheme on page 10.

\ Informal Discussion
. Organization

This pattern of organization allows
fret, uninhibited discussion. by the.,is.itors
among. themselves. ,
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Recording the light curve of [able star: an individual task activity.

,

'Vt.? .440

14



14.

\ As instructOr, yourliolè is to set aside
your own objectives, listen to the visitors!

. Opinions, and be 'ready to answer questions
if asked. Since the Visitors quite naturally
break into ' informal discussions aniong
themselves at the end of any planetariuin
program, this behavior is often ' not con-
sidered an "organization" at all. HI:4ever,
visitor discussion can be consciously planned
.during the program and can make a very
-valid contribution to :learning.

For example, this pattern is especially
useful after an activity like the variable star
task described'abve. Visitors are naturally
curious to see if they made the same esti-
mates-as their neighbors, and the instructor
can make this eaker by explicitly suggesting
that they take a few minutes out to com-
pare observations.. '

Informal discussion is particularly
important if you are going to call on Visitors
to describe an observation to a large midi-

' ence. Visitors are often shy, and uncertain
that they have observed correctly. Informal
discussion permits them to confirm their
Observations with peers.

What are the advantages and disadvan-
tages of this approach?

Group Meeting
Organization

In contrast to the didactic organization
whicih is instructor-centered, or the informal
discussion organization which is visitor-
centeted, the group meeting is problem-
centered.

3

The problem may be initiated by You pr
the visitors. YOur role is 'to facilitate .the
discussion and not to direct it. You may
listen, call .,)on indiViduals to speak, make
suggeStions, or appoint a Member of the
audience to lead the discussion. In any
case, you must be prepared to go along with
the grdup's decision:

_ After, the variable star activity with a
group of high school or college students,
this kind of discussion is a very good way of
dtawine together the visitors' observations
of the variable star.

The instructor might ask one dr the
vjsitorsr to lead the discussion for a while to
try tit decide: How many dips 'in the
brightness occurred? 2) When? 3) What was
the minimum brightness? Individuals will
have different answers, so the 'group task
will be to ;each a consensus about the best
description' of the variable star light curve.
The group might decide-to average different
.observations, to discard extreme data, or to.
give a range of answers to each, question.
The instructor must work with each group's
decisions.

What- are the advantages and disadvan-
tages of this approach?

Socratic
. Organization

, In this pattern of organization, you fre-
quently ask questions of individual visitors,
respond to their ans ers, and lead them
step-by-step to thepartdj ideas you have
in mind.

fAfter posing the first question, and
likening to the responses, you might probe
further by asking the visitors to justicy or
clarify their answers. You might also
refocus the discuSsion by addiv new data,
'or asking for further ideas and feelings.. A
good socratic interaction in the planetarium.
requires.you to be conscious of how your
questions affect the visitors.'



. As an example of the socratic
approach, consider the following way of con-
cluding the variable star activity. Suppose
you .would like visitors to consider several'
explanations for the light curve, and con-
clude that an eclipsing binary star is the best
model. 'You would like them,ito ihfer this
from the light curves, but know that they
probably cannot do this on their oWn. You
might lead them to' the answer, however,
with a series of questions as follows nter-
mediate questions and. responses omit edl:

Visitors' Data Sheet

Variable Star Light- Curve
1111.111111111111.101111.0

uIIuIuIIuIII

1.111011111111M101111%

ummionmormaim.

TIME (Days

p twP

"What might have caused these dips in
brightness?"

"Let's take those i%sibilities one at a time.
If hazes is blocking light from the star, what

.

would happen to the cotiwarison stars?"

'Now supposb I tell 'you both dips repeat
every twelve days. Which model works best
now?"

k similar approach can be used to
induce the visitors to consider the relative
sizes of the two stars from the data they-
have.recorded..

Record the 'advantages and gisadvan-
tages you see in this pattern of organization-
on page 10)

A Review of 7 1'(,
Organizational Patterns .

As you look back over these six organ-
izational patterns, notice how :your role as
planetarium instructor differs. In 'the .didac-,
tic and socratic patterns you decide :which
ideas are disCussed. In the' group meeting
structure, you %ill control the flpw Of ideas,
but the visitOrs have greater freedom ; to
seleet the. content.. Whbp the visitors are
organized in small groups to discuss, ideaS or'
work on a task, you are free to wander front
.group th group 'and' *offer suggestions and
assistanee where needed. When each indivi-
.dual is working ..on a 'taSlc, you can assist
individuals is a personal. tutor.

ExamOes 'of each,of these strategies in
The context( of .an actUal;program may be'.
found in the' kwo 'coluplete scripts at the end
of this. workb6ok. You' Might enjby identi-
fying each . of ..the strategies used in the
kripts, or sPeculating on alternaiive stra-

15

tegies for each segment.

The following segments from a variety
of planetarium programs illustrate the vari-
ous organiiational patterns. Please fill in the
pattern that' you think .the instructor . is
attempting to initiate in each example.



"Overhead, you see a photo of the moon
taken by the Apollo, astronauts. .What do
you notice about these ciiculeati features?
What shapes like these have. you seen on
earth?"

Organization

\;.
2. "Now L will show you some spectaeular
photographs of the moon, and texplain hat
they tell us 'about.how old the moon is, and

\
\ how it was probably'fornied."

.\

Organization

,

4. "Wor"k together in A:pups of three. Pick
out a group of stars, and makeiup a story
about some animal or person.repfresented by
those stars."

Organization

5. "Since many of )fOu seem concerned with
the tremendous cost of the Viking mission,
let's take five.minutes -to discuss'whether or
nqt the mission was worth the- cost. Who
would like to expreSs an opiniodfirst?"

3. "This lamp will represent the sun. I want
reach of You to stand up and turh around, so
the sun appears toTise-and-set for you."

Organization

Organization

6. "Please feel free to come up to the con-
sole at the end of the program and ask what,
ever 9uestions you Would like."

0

Organization

7.

I.

a
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WY* THE VISITORS- SiE IT
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This module presents- an approach, based on the psychological research of 1 ean
Piaget, for appreciating how visitors understand a planetarkim program. YOu

--... will be.able fo use this approadi to: 1)- select appropriate concepts for pres nta-
tion to various groups of visitors;.2) select appropriate instructional methods so
that visitors can understand the ,concepts; and 3) help visitors advance to higher
stages of intellectual development.

Ii

Most of tip have noticed, that some
visitors have difficulty understanding certain
concepts, such as the reason for day .and
night, or the cauSes of the moon's phases.
Explaining all the astronomical terms repeat-
edly, using clear diagrams, and spending
.extra time with these .visitbrs still May not
help.

k
Individuals who have not yet

developed the reasoning skills required to
understand the conceptS; presented in a

._ planetarium program are likely to leave frus-.
trated with their inability to understand sci-
ence, and may be less intercted in attempt..
ing to understand scientific concepts in the
future. ,Therefore, as planetarium instruc-
tors, we rnust examine how the visitor sees

the planetarium prograni, ,So that We will be
able to present concepts in a fashion suitable
or the visitors' reasoning abilitiei.

In each of the first three sectiOns of
this module you -will examine one of the
basic reasoning abilities important for under-
standing astrorioinicifconcepts:

A. Visualizing how objects and. events
appear from different frames of refer-
ence;

B. Classifying phenomena; and
C. Explaining phenomena scientifically.

In Section b of this: module, we pro-
vide suggeitions for how to help visitors
develop these abilities through planetarium
experiences.

A. Frarne of Reference

COPYRIGHTED ()ARTOON DELETED

We oftW Wow pictures of mOdels and diagrams projected onto the dome: the earth as
, seen from s 'the erth, sun anti modn as seen from above the "plane of the ecliptic, and so

Oh. To learn s me of 4kways visitors may interpret such diagrams, begin by solving the prob.1st
lem on the next.pak.. .

it I
40., 444,

:`
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THE MARTIAN DILEMMA'

"Deimos and Phobos, the two moons of Mars, have phases just as our moon has. Please look
at the Epodel and determine whit phase each moon is in for the person who,is observing frbm
the surface of Mars. Circle your-response." 0 O.

Deimos

A

Explain how you figured out your answer:.

f)

Explain how you figured out your answer:

.....

_
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Examine the following answirs to the
.Martian Dilemnaa Prpblem given by college
students. Then, answer theitwo questions at
the bottom of the page and, compare your
lesults with . other individuals. in the
workshop..

. PHOBOS PROBLEM

_ Student #1 Answer:. !V Explanation: "1
imagined myself on the Surface."

Student #2 . Ahswee. B' Explanation: My
point of view--I just reNiersed what I saw:"

. ,

Student #3 Aswer: 13". Explanation; "Put
myself on Mars in my imagination."

Student #4 Answer:. "D" Explanation:
!'Qbserving shadows on models."

t- . .

-Student . Answer: "Dit Explanation:
"Moon is mOving towardi sun."

StudEnt. -#6 . Answer:. "D" ifxplanation:
"Becaise Phobos is in the direct sunlight

, and riot front of Mars."

1) Identify the differences in thinking between the first three students and the last three stu-
dents. .

2) Suggest several concepts that are traditionally, introduced in the planetarium that may be
difficult for the last three students.

{44..

0111.
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One of the most usgul nerspectiveS
for appreciating how visitort understand the

:planetarium program has' emerged from a
half-Century of research pioneered by Swiss-
psychOlogist and epistemologist :Jean Piaget
(zhan pee-ah-zhay,),' and his celleigues.
These investigators have.studied how:people
solve 'problems like the Martian Dilemma.

Piaget noted distinct differences in
neople',8 abilities tO perceive a situation from
a point 'of -view different froM their own.. In
.Our example, the ttireed individuals who gave
correct answers and 'explanatiOns to the
Martian Dilemma Problem could Perceive
this unfamiliar 'setting by imagining them-
'selves in a different fratne of reffrence.An
contrast, the other three
ing was dominated by what they Sim/ directly
from their Own frame of refetence, or ty
information not relevant to the prOlem.

4 1;,
A Nall& eniefiMent 'can ,. dovide

fl more information :abOUt the visitors who
could 'not solve the,iiroblem simply by Jook-
ing at the inOdelluld its moons.
Distribute "moon§",(styrofoaticballs on sitn-
ple wooden stands) to pairs of -individuals
who had .difficulty,, with the Martian
Dilemma Problem. Illuminate the room.-
with a single "sun! (lamP) and ask each pair
of visitors to place . a moon between them
and draW what they see. When they com-
pare dravAngs, they will see. that their views
of the moon are reversed.- -They may aL
change seats to see if their partner really -
observed what he or she:drew. Now, some
individuals will be able to apply this conerete
exiierience to successfully solve the. Martian
Dilemma Problem.. Others will again give

"6nly what they see from their, own :point of
view for an answer.,

"

fl



Te

4.

4..

It -

..5

I.

`4ecOrding to the atiproach taken by .

-Piaget 404,his-.colleames, these differences,
, bilily to perceive a situationg froth a

diffOent point 44 view indicate three levels-.
o intellectual developmenti An individual)
Vhcetiantipt perceive that there is a different.

i, %Point or. view-T ihtrom'Pown s operatmg at
'the'egocentrIclevel (illSo known as the inVi-
jie leyel)fr -Egocentric -here' should not"

impl,Yeselfishhess','merely that...a 'person 'at'
Stage asamile that eyetione, sees thp-

..sarne thing he or she doe*. If direct
.."-/e0p with conrete objecleand *eventsi.such
nas 'a ,Codel,' helps a person Co.' accept a
diffeient viewpoint from liisqwn,'then.he or
sheis operating at the concrete-levet,

. .

,4 - .
. 4 "II

14

-c if the 'person" cati-lmagine a 'different Point
of View jug from ',looking at tr diagrath
hearing*a description, he 0,1,7 she is o,peratihg ,

;at the .fornral,level.

- general, young children ORerate. ".

ntirely ,at the egodentric level. Beginnin
abOut..age 8 or 9,.many children can' pet-, .

ceive °a different 'point of view- triroygti.c0IV
.rete dxperienees. The potential 'for formal,
level thinking does not . appear until some?
tithe during high schO61. '(See .SuMmary.,

' Tablp. X.) Piaget also developed-categories
escribe the betiavior yOungaCchil,

ren,. bqt,: we will not desCribe the0C-
categOries in this workshop:

1

.,

. , , : - umiiary 'Table A,' ,Fritries of Reference
,.

,, , .

.,t. . !

.., ,'.. . -
' , . .

ocentric Egwfl (starts abo g - can ini'agine only dne's own point of
view.; ,: . ,, .:

_
1 ..

. .., . ,

.
a ,

Concrete Leveilstarti'.1.about a e 8, or 9).-can inigine anktler ; ViewPoint, but
.. only *after a concrete ettperienoe. ,

-, .

.

. ,

_

.1*I. . , ..
*formal. Level (starts about, ifigh s 1...1 P-cati,,imagine a iftqation, from
differetit Points orviq*,

, t 4 ,. .. :.
A

,

-. ,

Although a' person's general reasoningt
ability May be aufOciently 'advanced to Per!

A-. mit upderstaqing a point of view,,Aifferent
fromhii own, ,he or 'she; will . not alwayS.

,* achieve that tinderstanditt Whenever., the
situation -fs '-tjomplex, ',or2 the subject
Matter .iS unfarigliat, even, adtots begin .at
the egocetitric level. Thi%plittern is exident.
in Wane or the:college 4idents'1;r,esponges
lolthe Martian Pilemiriall.(robleM,:,--:

It. is uguallysnecessary to,ask the visil

7 '4114*

r-

iN

tors' questt sfuring4,progrim
how they ft e,..iniderstanding the 'content )of

e prOgraM.At, yon,fit4Jhat the- ylsitois
at operating , tir - egocentric let% yOu

'may, aecide `to ,*pr9eh.. the topic from the
y*y. It .may-,:ven be

itessary to:= bandon the atiennit -to' com;
municatç Øartic.j1ic ;concept, altOgether In
.faVot' ofe ;her cotitepts4 that ',pan -be readilly
communicated egoentric&1y or concrejely
in khe time available,

,

,
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; , 1) Turty$acit iOthe cartoon at the beginning of this module.- At ^what level is the Wizatd ma*
' 'ioningifilthe second frame? At what level is he thinking in the last frame?

.-1) Based on the reasoning levels, summarized in Table A, examine the astronomical concept
,illustrated below;, and suggest a strategy for . communicating thia concept to a concrete level
planetarium Visitor, .

. , 4. Ia

.

:

4 1 ,
4 t 4..

(Photographs cburteay of Lick Observatories.)
. , .

, ,CONCEPT: Ifhq-:,two galaides in 'goose 'photographs actually have the same spiral shape. How-
ever, Ihesgslitxy shown on the lefjt is,viewed Own the side, and the .galaxy at right is, viewed
from above...

,

RECOMMENDED STRATE4Y:

t '

0 ?Et
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. of the m on.
In .lany astronomy textbooks; diagrams like the one below are used to explain,the phases

, What level of reasoning is required to under4tand this diagram?.

Explain your agwer.
*

a
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B. Classificetion Skills

A great d6l of The information that we
present in ihe planetarium .requireS the visi-
iors to understAnd how certain . information
is arranged and how sit relates to 'other infor-
mation (for example, the classifications of
stars end planets;.' and the differences
between nebulae, 'star Clusters, galaxies, and,
sub-classes of these objects). How do visi.;
tors perceive our descriptions of the Way,
these objects, are, classified?

Childrenat the egocentriC. level can
.attendto only one aspeCt of a situition at a
time, so they cannot sytteniatically classify a
large ntimber. of objects. .They can, how-
ever, notice if two objects are similar. or
diffeient.

When encountering a neW set of
objects, a person who is capable of oPerating

...at* the concrete level begins by perceiving
similarities and differences. Then:he or she
may be .able to separate these 'Objects into

. several groups according .to shape, Color; or,, .

some.other single trait.
0

L.
A .number of additional classification

,skills develop throughout the concrete stage.
These Skills include the ability to sort
according to a' single trait, to arrarige objects
along a continuum- (from big to small, hot
to cold, etc.) and _to` recognize that an object
'may belong to .wore than one class (e.g.
realizing that our`Sun is also a star, or that
Earth is in the solar system and in the
galaxy atthe same time).

4
C o n st r uc ting hierarchies of classes and

then rearranging the objects into different
hierarchies is a formal level classification
skill that does not fully develop until high
school age. With' suiEcient preparation, . a
high school senior, might well be able to
understai bow astronomers classify galax-
ies, nebEll, and clusterS, and then subclas-
sify these into various types (e.g. open or
globular clusters), but most elementary
school students would find this hierarchy of
definjtions too complex, no matter how
clearly the lesson is presented.

, .

, Summary Table B. Classification Skills

.

. .

Egocentric Level (starts about age 4)--can notice similarities and differences, and
can only classify,after much trial and error. i. - .

,

, Concrete Level (starts about age 8 or 9)-- beginning with classification by a sin-
gle trait, can later recoinize that objects may belong to more than one class,

and can arrange objects along a conti4uum.
.

I.
4 i .

'Formal Level (starts about high school age)-- can wange objects in a hierarchy
and then rearrange the objects in a new hierarchy.

Presenting classification Nhemes that, most of your visitors are able to use is essential if they
are to comprelAd your program. The different levels of classification reasoning .are demon-
ttrited in The solutions to the following problem.

0
s-

4
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Planetarium visitors were given pictures of galaxies and asked to classify them any way they
wished. Below each'response, pleaindipate the reasonin$ lrel that each visitor .used in order
to give. that resPonse.

. . .

.

."Basically, there are two kinds Of galaxies; spirals and non-spirals. The spirals might be
seen face-on or sideways, and the non-spirals might be either elliptical or irregular in
shaPe."

.25

Level

V.

Please explain your answer.

.0



.

Level

"The pictures in the top row are all splcals and the pictures in Vhe bottom rim are not like
spirals. Also; the ones here (on lett) are roUnded, the middli qpes are egg shaped, and

. the ones here (on right) Are skinny.".

Please explain your/answer.

"In order from nicely shaped galaxies towards more squiggley galaxies."

Level

Please explain xour answer.



,

"These are roundish... these pre longis4.

thelop one has curvy firms 'and the ,bottom-one doesn't...

Level

Please explain your answer.

7

this has arms while

this one doesn't

and these are sort of alike."

c, Scientific Explanation
di ,

Planetarium InEtpctors frequently provide explanations of physical phenomena: .why
there is day and night; wiiy the moon goes through phases why the stars shine; and so on.

1/1Presenting explanations at a level that most of you visitors understand will enhance
comprehension of the program as a whole. We can cl ssify people's abilities to understand
scientific explanattons into egocentric, concrete, and formal level responses. A summary is
.given in Table C.

) 33
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, Summary Table C. Sclent fle Explanation ,

e .

.. Egocentric Level (starts about age -0attributes motives and purposes to inani-
mate objects, or assumes all phenomena are Produced by human actions for
human purposes, e.g. '.;The sun comes up so we'll feel warm.'

.
.

.

.

. .

I

Concrete Level (starts about age 8 or 9)-- more complex relationships between
various elements familiar to the individual can now be used to explain
phenomena. New observations can be aPpropriately used in revising explana-
tions.

.
. .

Formal Level (starts about high school age)--can extend explanations to predict
observations and objectively compare one's owtvetplanationa with alternatives
by controlling variables and making probability arguments.

The distinction between the levels given in Table. C is illustrated by several students'
answers to the following problem. Begin by 'writing your own answers.

teacher asked .her students to draw what le moon looked like. Some students drew it
as s wn on the left, others drew it as shown in the middle, and still others drew the moon like
the p cture on the right.

- Are these pictures all of the moon? If yes, then explain why tile moon has different
shapes at different times.. 0

40,
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I

Now consider the following responses to. the same question by some hchOol children.
!HoW do their notions of a "scientific explandionl.differ frOm your own? (Refer to Table C for.

definitiOns of levels of reasoning.)

Joe, 8 'years old.
. 1...4 . .

terviewer: How, can you explain these diffelient shapes, Joe? Joe: It divides itself in different
sh s.... Interviewer Does it ever put itseAack together again?. Joe: In the daytime. In the
nighttilne.i.tç divides itself again. Interviewer:AVhy is it that you can only see this part (pointing
to crescent) or that part (pointing to'half disk) at a time? Joe:Cause it's been divided up.
At what level of reasoning is Joe's answer?

Explain. $

_Derek, 9 years old.

Derek: Because every month the moon, the clouds come over half of it. And then when the
moon is full there's no clouds around it. In a year then it goes back to normal. Inteolewer: Do
the clouds stay that way all night? Or do they move around so you see it all different, ways in
one month. Derek: No, it stays that way for a month.

What level of reasoning is.Joe's answer?

Explain.

Herbert, 13 years old.

Herbert: Because at different days, like a quarter moon, full moon, half moon, just changes its
:position. Interviewer How does changing its position change its shape? Herbert Cause; all

(. right, if it spins around a kind of fog or mist Can get on this part, and itwill sort of look like a
quarter moon..s.. Interviewer: How does one side get light and the other side get dark? Herbert
Maybe cause reflections can'ito see the dark Side, the sun, but reflections can see the light side. ..
;Interviewer: On here (pointing to the full moon) where is the dark side? Herbert: In back.
InterViewer: In this picture (Pointing to crescent) where do you think the sun is? 'Herbert: Over
in this direction. Like the sun is right here and it's showing that 'Part (indicating correct posi-
tion of sun).

What level.of reasOning*Herberils ann

Explain. ,

AA.

Tina, 10 years old.

Tina: Something like its our planet or another planet covering half of it or the sun or something
covering parts of it... Yeah, our planet. Interviewr. How does our planet get up there in the
sky? Tina: Well, like I'm looking at it cause the sftdow of the earth is on that part of it. Inter-
Weyer In this picture (pointing to half ctisk) where do you think the shadow of the earth is?
Titfa: There is no moon like that. Interviewer. You've never seen a nioon like this? Tina:
There's no such thing as that kind. It cfn only be curved, because the planet's round and the
moon's round so the planet can't be straiiht on one side 'to do. that:

What level of reasoning le, Tina's answer?

Explain.

A

431"
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The visitors' 'responses quoted above
are typical of a large number of interviews
recorded in 1978 at the Lawrence Hall of
Science. They are also Iluite similar to the
views expressed by children in the same age
groups that were reported by Piaget fifty
years ago. Since many of those interviewed
in our study reported learning about the
moon- at museuths and planetariums, and
could list dozens of facts about resent h1nar
explorations, their failures to provide ade
quate explanations for the phases of th
moon cannot be attributed to lack of expo-
sure to the correct concepts,

Joe's explanation illustrates a mode of
reasoning common to the egocentric level
child, Eilucentric explanations 'attribute

'motives and purposes to inanimate objects,
or assume)all phenomena are produced by
human actions 'for human, purposes. This
mode of thinking is called "animism," and
reflects the child's egocentrism. Because the
child has intention .and purpose, he assumes
everything else has these attributes as well.

Derek's explanation is more advanced
than Joe's since it involves only nahlral
phenomena. However, like Joe, he accepts
a simple agsociation as an adequate explana-
tion. Since many, children have noticed
clouds covering things like the sun and
moon, it is not s rprising tktat this explana-
tion is the most c mmon among children of
this age. Like J Derek extends this idea
to-invent an exp nation, but has little con-
cern for the need to reconcile new observa-
tions. What is important for Joe and Derek
is that their explanations make sense fr6m
their own points of yiew, indicative 'of ego-
centric reasoning.

Herbert seiris to have the right idea
from the very illoginning when he claims
that the fnoon "just chplges its ..position."

. .

4.

However, when asked to explain his ideas
more fully he at first.slips back to an expla-
nation like that gifven by Derek, in which
fog or mist covers the moon to cause the
phases. Then he switches back to the more
advanced explanation involving reflected
light corning' from the sun. Furthermore,
Herbert demonstrates that he can visualize
the relationships by correctly explaining
where the sun must be in Ordet 'to:produce
the lunar phase that ke see. These more

plex relationship's -are cOncrete' level
explanations.

Although Tina begins with the idea
that something is coyering up the Moon, she
quickly proceeds to an explanation which
involves a relationship among the bodies
involved. She, has a clear image of the,
earth's shadow 'and Can visualize the moon's
movement through it. It is appamnt .that
Tina can recall seeing that a shadow has the
same shape as the object. She also attempts
to analyze her response to seeif it takes into
account all three moon pictures, a quality Of
formal level reasoning. When Tina realizes
that her explanation doesn't fit the sttaight
shadow on one of . the moon pictures, she
rejects the 'picture as a fabrication! This dis-
tortion of reality is quite, common when
people encounter the unexpected.

Both Herbert and Tina use concrete
reasoning, and in attempting to extend their
explanations, suggest the beginnings of for
mal abilities. Note that Tina is' only .ten.
This emphasises the fact that individuals
vary considerably not only, in their rate of
physical development, but in their rate of
intellectual development as well.

A formal level explanation would be
demonstrated by the ability to draw or inter-
pret fully a- diagram of moon phases like
that shown earlier in this module'. .

7.
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D. Applying'the Theory

:In :this =dill! we have analysed the
reasoning strategies of individuals- in order
'to develop guidelines you can use for select-
ing topics and presentationS that, particular
groups of vititors can understand. You can
also use these tools to help provide the kind
,of experience that can' help visitors advance
to a. higher level of intellectual develoPment.

Piaget refers to this,process of intellec-
tual advancement as* "self-regulation."
According to the theory, self-regulation
begins when an individual first uses his
present ireasoning strategY to attempt to
solve a, problem. When the present reason-
ing strategy clearly fails to produce a satis-
factory solution, the d individual has the
opportUnity to' modify !his or her reasoning;
If t e problem is not so far beyond the indi-

l as 0 be frustrating, a more advanced
and successful strategy may result., For
example, a person who has difficulty with
the Martian Dilemma, begins by draWing the
moon just as he sees it. If the individual
then is surprised to find out that other Mdi-
viakols at different positions drew quite
different pictures, his reasoning 'strategy will
tit challenged. The opportunity Will then
eiist for othe'personto :develop a more
advanced strategy. -.

The most important aspect of this pro;
cep is that the yisitor ronstructS a more
elective strategy' On his Own. Telling the vik-
tor in detail how to solve the problem Al
not proMote self-regulation,*although hint
may help once the, visitor begins to seek
new strategieshimself.

To suMmarize the 'process of self-
regulation: It is necessary to begin with ideas
which are familiar to the visitors so they can
use theiP present reason1lng strategies. By
introducing a moderate fstate of &equili-
brium, that is,'where tbel present reasoning
doesn't work, you will present 4-situation in
which the visitors will 1)e especially sustepti-
ble to helpfitibsuggestions from you or other
visitors abgut how tO rethitik their

approaches to problems. lf, however, the .

level of difficulty is 0o great, frustration
may occur, and the visitors may avoid the
situation in the future. When the level of
difficulty is just 'right, the visitors will be
able to construct for themselves new reason-
ing strategies that they will continue..tO ue
in the futtire.

To apply this theory .to planetarium
programming, you- Nay wish to keep in
mind the following general points:
1) Many of your visitors, including adUlts,
-will approach astronomy problems with con-
Crete or egocentric strategies. They will not
become involved in the program unless.they

. others .require formal reasoning in order to
be underst od. Consequently, by carefully
selecting to les you can design programs,.
which begin a the level of your visitors. .

3.) If visitors become involved in a to c
at a level whic is comfortable for t m
and then are ch lenged by slightlinoie
comillex or unex ected information; they
may experience tellectual growth. In'

k other words, .experie es like these not only*
help the Visitors .unde tand particular cob-- .

cepts in 'astronomy, bu may also improve
their -abilities in such gen al areas as using

'frames of reference,"classi ng objects and
events, and formulating scie tific explana.;
tions.

For easy reference when slanning
planetarium programs, the follow page

, contains a summary of the Piagetian vels
of 'reasoning for the three ability areas s
cussed in this Module. You should !tow
able to use this list to "rate" any piesentation

as requiring egocentric, concrete or formal
level reasoning, 'This approach can help you
develop or.: revige programs to be more
appropriate for your visitors. .

1.0

can start at theirown level. .

2) Some topicS can be understood using
concrete or egocentric approaches, while

38
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SUMMA1cF PIAGETIAN4 LEVELS OF DEVEtOPMENT
, V

.

Egocentric Level.,
., §tarts obout age 4

1

.

Concrete Level
starts aboulage 8 or 9 .

.

.
\ Formal Level

starts about high school.
age .. '

.

Can imagine only One's. .

own point of View. : -
.

,

. ,
, .).-

.c
1,

_

Can i agine another
viewpo nt, but only
after a concrete experi-
ence.

. .

..

. .

Can ithagine a situation
from different 'pointa of 1
view.

.

. .

,'
Can notice similarities
and differences, and
can classify only...after
much trial and error.

t

-. ., .

Can claSsify by a single
. trait, Irecognize that

. objects I may belong to
more than' one class;
and' .iarrange objects
along a continuum:

Can arrange objects in a '
hierarchy - and then
rearrange the objects in .

a TI ew hierarchy.. ' _

. Attributes rnotives and.
purposes to: inanimate
objects, or assumes all
phenomena are pro- ,..

diked by human .

actions for ,hutnan pur-
Poses, e.g .. isThe sun

, comes up so we'll feel
warm."'

t

- ,

More coMplex relation-
ship between_ various
ele nts faMiliar to the
individual can nom/ be

- used to explain
phenomena. New

.

observations can be
appropriately used ih
revising explanations.

.

.

Can , extend explana-
.. tions to predict obser-

vatiOns and objectively
,compare one s own

4xplanations with alter-
*.natives by 6ntrolling
variables and Making

. probability argumen4.



he following ptoblem provides an,opportunity to integrate ell of the information
in this module.

TEACHING PHASES OF THE MOON

Suppose your goal is, to 'design education experiences so that,by the time a child reaches",
high schdol he or she will be,able to provide a formal level explanation for the phases of the
moon. Based on your knowledge of the various levels of reasbnini*ability, please outline the
experiences and explanations you would provide during an individual's development to reach

#

1.

FIRST GRADE

A. Experiences and' explanations in the planetarium:

B. Experiences and explanations in the classrpom:

. C. Experiences outdoors:

40;

4,

FIFTH GRMjy,'
A. Experiences and explanations_ in the plItnetarium:

B. Experiences an explanations in the classroom:

C. Experiences outdoors; 7' 4

*61.4.4

p. a .
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A. experiences ind expladation 'in the..planetarium:
itt

B, Expdriences and explanations in the classroom:

C. Experiences outdoors:

NOTES:

:(
-

4



IONING TRATEGIES

The objectives of ti1s nrodule are to introduce you to a scheme for.classking
questions,: to 9rori e practice in identifying types Ofluestions, and to illustrate.,,

. ,Ikow loVrayt profiles Of the typeiwid sequences of quest1'oJa4s..,that you atk.during
,plaiietarium:#ograni. These tools can 114 yeti: increase.the Value of dialbg

_. you luild iik.fth the visitors..
!,

5. ,

When properly phrased; your questions
. motivate and sustain interest, develop and

modify attitudes, stimulate fresh mays to
I deal with ideas, and elicit specific cognitive

processes such as -recalling, inductiye and
, . deductive reasoning and speculating.

.
Although asking visitors questions is a

- valuable educationaflechnique, it is not a1 '

commod aspecil'of most, planetarium pro-
. 'graMs. It may dot be plactical when midi-. !"

.ences. dumber:. in the litindieds, For a
"school iho,w-t with one or two ,classes
att,pnding or- pen .. public shows in' Stull

'planetariums, Oiestionatin be a jimple and
effective meads, of in0easing yisitpr partici,"

pation. The socratic Organization plan tis-
. cussed in Module 3 relies on your ability to
quation the visitors skillfully.

This module is designed to'help you
develop an effective questioning . strategy.
Section Kprovides-a useful set of 'categories
for. examining- question types. Section B.

1. 'applies these categories.,w dialog from a real
planetarium program. :Section C suggests

. strategies for sequencing questions. Section
D. provides a conwenient, 'form for planning
or' reviewing questioning Strategies... -Sections
't and F apply sa 'similar analysis to the

t tot's responses to Visitors' answers..

"

42'
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A. Categorizing-Questions

A question is a question, is a questi
Different classes of questions require diff
categories to classify these questions:

[1] What does a light-Year Measure?

121 . :What topics would you like me to coyer in Our next planetarium show?

131 Did you hear my list question?
[4] Based on your observations of the setting sun during the last two weeks, where do yOu

. predict it will .set one week from now?

[5] Would you.like to be an astronomer wten you grow up? .

[6]* Planets certainly aren't as. hot as stars, are theyli .

n until one wcognizes differences among them.,
ent classes of answers. Suggest a few tentative

-

'Categories

4C1,

. Example Numbers

S

-

,

The value of categorizing question is
to ,increase your awareness of hot,/ different
.questions can 'stimulate different- kinds of
thinking by the visitors. One question may
flex their, nemories, another' may challenge
them tc; deeper thought, while a third 'may
enCourage Them to 'make their own value
judgmentl. This of mental actiyity is
certainly worth,cultiv 'ng.

Most planetarium instructors' ques-
tions do not achieve this range. c'A research
study by John T. curtin (reference on page

. ,

109); of 38 planetariums found that 911 per-
cent of the que'stions instructors asked of
visitors required 'only information recall. By'
examining Your ows. mix of questions, you
will be able to increase the range of ques-
tions you ask, and. thus 'increase the range.of

Inental processes stimulated by your plane.:
tarium programs.

Questions can be assigned to many
valid"Sets of categories.. The categories you
have proposed, are very likely. to be
represented in the following classification

\ .5 !
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sCheme developed by- Lawrence Lowery. As
you've probably observed in devising your

town categories, no scheme is likely to be
entirely satisfactory to everyone, but the

particular categories below are the result of
much testing and revision, and are quite
useful.

0

TYPES 'OF 'QUESTIONS

Narrow Other r

Direct Info Synthesizing Open-ended Feeling Rhetorical Mailagerial

Narrow Questions

A narrow !question has a certain
"correct" answer or a limited number of
4cceptable responses related to it; -when you
ask a narrow question you are hoping for a
response that Matches something you knoW.
There are *two types of narrow questions:
direct-information questions and synthesiz
ing questions,

a. birect4Amation QuestiQn..f

These questions reqiiire the visitor to
recall information or to recognize Worm.:
tion that is readily at hand.

Examples: 1
"Which planet is farthest from the sun?"

"What does a light-year measure?"

'What did Viking aiscover about life on
rsr

such questions are useful if you want
the visitor to recall a fact, define a terM, or
identify something seen before. Responses
to direct-informiition questions will often be
one word or short answers. Questions that
can be "yes" or "no" usually fall .-

into this cat gory.
rm part of a strategy, direct-

information questions can be used to find
out what visitors know, to re-establish what
has gone on in a previous experience, or to
establish a base or information upon which
new knowledge will depend. These ques-

*\

tions.are generally effective at the heginning
of a prOgram to "set the stage" or to
emphasize certain pbsertiations before
proceeding to analyze them.

b. Synthesizing QuestVns

These questio require the visitor to
relate information in a specified 'way.

Examples: i

"Based on your observations of thç setting
sun during the last twooweeks, wher do you
predict it will s6t one week from no. ?"

"Psing shadows on the moon's surface as a
which lunar features ,do you find to

bo")the tallest?"1 .

"If the astronaut is ten light-minutes away
from earth, how long will it take to receive a
reply to our message?"

Such questions are useful if you want
the visitor to compare, contrast, associate, --
or state relationships..

( To 'respond to synthesizing questions,
the visitor must know _certain facts, be able
to associate and put them together, And
describe the relationships in his or her own
wordq.

Synthesizing questions can be used to
help fisitors pick out similarities and
differences, classify, use previously learned
inforniation in a new way, or develop in his
or her own terms an idea that you have sug-
gested.

a
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Broad Question,s,

A koad 'question has a wide range of
acceptab% responses; when you ask a broad
question, you are hoping for unplanned,
divergent outcomes. There are two types of
broad questions: open-ended and feeling
questions

Open,Ended Questions

These questions allow the visitor to
explore freely in his or her own terms,
without restrictions and with Only minimal
guidance by you;

Examples:

"Why do you think ancient civilizations
created Itheir own systems of constellations?" '

"What topics would you like me to cover in
our next planetarium show?"

"What is your conclusion about UFO's after
hearing these' reports?"

Responses to open-ended questions are
rarely1predictable, and the methods visitors
use to find answers are selected by the visi-

... tors Th emselv s. 1

, <

As a of a strategy, open-ended
470.4westions c n broaden the 'field of study and

suggest new approaches. Open-ended ques-
tions allow you to develop an investigation
through questions that don't limit the possi-
ble solutions.

b. Feeling Questions

Feeling questions ask the visitor to
express an emotional attitade rather than
.make a purely objective response.

Eilamples: . ,

,

"How did yOu feel when you first 'looked at
the'rings of Saturn through a telescope?'

"How do you feel about the amount of
money being spent on space exploration?"

"Would you like to be an astronomer when
you grow up?" .

4
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Such questions are useful if you want
the, visitor to formulate an opinion, share
feelings, or become aware of the feelings of
others.

To respond to feeling questions, the
visitor must believe that he or she is in a
trusting situation--one in which responses
will be accepted and not-triticiied.

-4

Other Types of Questions

. There ate at least two other kinds Of
questions commonly used in the plane-
tarium: rhetorical questions and managerial
questions.

a. Rhetorical Questions

These questions are used to reinforce
point or to. provide emphasis.

Examples: -

"Earlier, I told you that a light-year is a
measure of distance and hot time, right?"

"That is true for most of us, isn't it?"
"Planets certainly aren't as hot as stars; are
they?"

When such questions are asked,
responses are not really expected although
responses are sometimes given.

Other questions can function rhetori-
cally when yqu supply the answer or when
the question is not followed by enough time
for visitors to respond.

b. -Managerial Questions\

Managerial questions are used to keep
Things moving smoothly.

Examples.t,

"Can everyone hear?" / .

"Will you Please raise your hand if you wis
to speak'?"

"Who needs more time to find their constel-
*

lation?".



B. Practice in Clissifying Questions

A method that you might find helpful
when trying to identify and classify ques-
tions is to decide first whether the question
is narrow, broad, or other. If it is naiiow,
decide whether it is direct-informatioh or'
synthesizing. If it is broad, decide whether .

it is open-ended or feeling. If it is other,
decide whether it is rhetorical or manageriaL

When deciding between . direct-
information or synthesizing questions, you
might find it helpful to analyze what type of
thinking the question requires: 11 recall a
recognition of informatiorf (direct-
information); or 2) analysis of clues and/or
induction to arrive at a particular answer or

1

idea .(sYnthesizing). If the question is
.broad, you might ask yourself if' the ques-
tion requires: 1) free and undirected investi-
gation (open-ended); or 2) personal otiin-

"ions and emotional responses (feeling).
During the workshop, differences of

opinion will often occur about how a given-
question should be classified. This is
because it is sometimes difficult to know
what the questioner's intent was. However,
discuSsing these differences of opinion can
be very, useful both to familiarize yourself
with the various categories, and to recognize
the ways your planetarium visitors can
misunderstand what is expected of them.

roNto

Please classify the ten numbered questions on this transcript. Record your decisions by
checking the appropriate bOxes on the following page.. The first two are already marked on the
chart as examples. ,

I: "Good evening. As our planetarium sky darkens, can anyone recognize the Big ipper?"
(1)

V: "Oh, I see it." !Yeah, I see it too."

I: "Okay, will you please take this light pointer and show the rest of us where the Big Dipr
is?! (2)

.

I: "Thank you. Welf, that's the Big Dipper. Just about all of the stars that we can see in the
sky belong to groups like the Big Dipper; and people have been naming the Constellations\for

Just about as long as there have been"peoPle. Why do you think people do that?" (3)

/V: "Worship."
I: "Okay, worship; that's a goOd poSsibility. What's another?" (4)

IV: "To go places.":
I: "How would knowing the constellations help yOu tO go places?! (5)

V: ',"You'd like to know *WO way to go from.the stars. Directions."

I: "Yes, knowing the'constellations 'does help you find your way, Doe's anyone know how to
use the Big DipPer to find which way is north?" (6)

V: "I do, I think."

, I: "Okay, will you show us pleasr (7) .

V:. "It's this bright one at tJii end of thf'handle of:till big dipper, the North Star."

I: "You've got the right idea, but the wrong star.. These two stars at the end of,the bowl point
\. to the North Star, right here.' Tihen, once you've found the North Star, look down at the hor-

izon just beloW it. Ttit $iirection IS north. Okay?" (8)
'.

I.

e .14
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I: "We've 4iscussed t least two reasons that ancient people might haNe named the constella-
lions: for worship, o religious reasons, and to find directions. How do you feel when you

. locate something yo 're familiar with, like the Big Dipper in the sky?" (9).
1

psi

V: "Lika I 'just saw a friend." "Gpod." -

I: "Ill tall you Wh t. I will give each of you a star map and let you find the constellations right
here in the planet rium. Is there I ohe Ntho has not yet received a star map?" (10)

..

Direct Igfo

N rrow

A

Synthesizing

TYPES OF:QUESTIONS

Broad Other

Opewended Feeling Rhetorical. Managerial

\

ssi

A§suming this section of `iks planetarium program w s typical of the entire protam, please
analysegthe instructor's questionihg strategy:

1. Is the range of question types :d the kinds of thinking they sti ulated 'satisfactory? How
would you change,the mix? .

2.
*at specific parti\o4 this series *of questions could be improved?

-

3. What other general comments ok suggestions for improvement can be offered to the instruc-
v tor in this case?

.

41



C. Sequencing Questions

Questions ytu ask your visitors may be
placed in different sequences to achieve
different Objectives. There are many possi-
ble questioning strategies, but you will prob-
ably ffnd it helpful to identify juSt a few that
work well for you. Here are two examples:

One st ategy begins with narrow, qUes,
tions to give the visitors an opportunity to
shisTv what.. th y already laiow, or to make
some. very simple observations. Then, after
some of the factS have been established, you
can ask synthesizing questions to lead the

Visitors to make coMparisons #10 notice
relationships. Once they undefstand the
basic ideas through these narrow questions,
the visitors can' be led to think more
creatively 'about the topic through Open-
ended and feeling questions. This strateg.y
is illustrated* the following sequence of
questions asked by a "planetarium instruqtor

, .

during an activity in which the visi ors
observe light sources through hand- eld
diffraction gratings, passed out during the
progra

.

Direct
, Info

,,,

Synthesiz-
ing

Open-
ended

f

eeling
.

.

.

4. What was the main color that you
observed in the hydrogen gas? What
colors do you recall from the helium gas
tube?

, .

.

. .

.

.

.

. .

... 1

2. How do the colors of helium differ
from those of hydrogen?

..4,40

. -

T

.

.

..

3. What colors do you see ;in this.'
artificial star?

i

l

i
,

.

4.1 From Your own obServations, what
kind of gas do you think this star isimade
of? How did: you determine that?

4-

- :....
-

.

5. How might (this technique of studying
. stars help astronomers learn more about

..

the universe?
.

. fr.

Classify each of the above 'questions by
checking the appropriate column. Then,
draw a line .between the oheckmarks. This
line is a visual rbpresentation of one ques-
tioning strittegy. Do the same for the other
sets of que;tions on the next two pages.

different strategy can involve the

44#
visitors in open-ended thinking from the
outset. These broad questions can be fol-
lowed by synthesizing and direct information
questions to examine the implications and
details of the topic, This Strateiy is illus-
trated by the following sequenceLpf ques-
tions asked after a planetarium aramatiga-
tion of several classical UFO sightings:



0 I

.

1.

Direct
Info

Synthesiz-
Ing 1.

Open-
ended

.

,

Feeling

1. Do you feel that1)41 people who
report UFO's are being honest and report
exactly ,what limy see? _

..

,

. I...-. t
N,

,

,
<

2. What are some different explanations
you can think of to explain these unusual
sightings?

i

.

.
.

3. What further information would you
need to decide if a weather balloon or
plane is involved? '

.

4. If you observe a UFO, what informa-
tion will you write down?

i

.

.

-

Now develop your own questioning strategies for the two problems that follow,

Problem #1: Suppose you have just presented tt public program summarizing the US space pro-
gram. List a sequence of questions that would lead the visitors to consider the potential uses of
a permanent space colony.

1.

2.

4.

5:

SynthésIz-
ing 4

Open-
ended

Feeling
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Problem #2: Suppose you have just presented a planetarium program in which you illustrfe
many of the characteristics of the planets. List a sequence of questions that will alloW the visk
tors to discover fctr themselves why some planets have craters and others do not.

. Direct
Info

Synthesiz-
ing

Open-
ended

Feeling ..

3.

4.

:Auk

D. Recording and improving your Questioning Strategies

The methods described in the preced-
ing pages .or this module can be directly
applied to planning, planetarium programs.
However, even, the best-planned programs

# take unexpected turns:, To* improve your
questidning strategies Tor such real-time
'situations, it can be very valuable to
audiotape one or two Of your planetarium
programs and then analyze your "live" verbil
interactions with the audience.

When you analyze your e own

audiotape, it will not be necessary to make a
complete written transcript. It will be use-
ful, however, to write out ancl number each
question, Then you Can use the form below
to record the kinds and sequences of ques-
tions that you used during the program.
Comparing the question patterns with your .

objectives for each part of the program will
help you decide if you should change your
questioning strategies.

14.
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.3

4

7

.8

9
10

11

, 12

13

lion /PP 1 s

15

16

17
18

19

29

N'tsirow

Dirgct InfO Synthesizing

TYPES OF QUESTIONS.

Open-ended Feeling

OthL

RhefOrical IManagerial

0

4

1.

*#

'Most instructors wait only one or two
seconds after askibg a 'question in a class
before 'they either: 1) calt,on another per-
son; 2) .ask another queition; or 3) give the
answer to the question themselves. Perhaps
manV feel that unless someone is talking, no
one is learning., \

Research indicates thiit if you wait a
bit longer after a question islasiced, there are
observable diffgences in the hehavior of the
people being asked the question. For exam-
*, if you wait only la short time--one or
two secondsthen one-word visitor
responses result. These quick 'responses are

#

E. Responding Strategies

'Using Wait-Time often guesses, and. are seldom complete sen-
tences or, contain complete thoughts. If,
howeVer, you Wait for a longer period4our
to ix secondsvisitors tend to respond in
wh5le sentences and With complete
thoughts. There is increased speculation in
the visitors' thrhking, and they tend to juS7
tify answers more fully.

f
Sometimes a four to six second waiting

period seems like,. an eternity, bUt wait-time
research suggesk great value 'in ailjusting- t6
this pattern. FOr More information abbut
this research, see references to Moriber,
1971, and R9we, 1969, in tflie anlotated
bibliography frage. 111 )..

,
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Responding to Visitors'
Answers and Comments

No matte) how carefully a sequence of
,

questions or activities is .planned and exe-
cuted, no significant' thinkidg will occur if
the visitors are worried about feeling
"wrong".or "stupi in front of others. HoW
You react Ind res nd to their ideas early in
the planetaritun Program is crucial to the
degree Of participa ion you can expect dur-
ing the remainder o the program.

Your .response .to a visitor's comma*
. should be in harmoty with-the question or
Aiiik'that preceded th comment. For exam-
Ole, if you ask a. ria row question (direct
information or synthe izing) a 'positive .or
negative comment on. t e visitor's answer is
exPected and apPropriat . HoweVer, if you
ask a broad question ( en-ended or. feel-
ing), neither praise nOr c ticiSm is appropri-
ate and t,dnds go 'inhibit fu ther participation.
A . more .,approPriate respo se to an answer

. to a broad or feeling quest in Would be an
aCcepting response. Three inds of accept-
ing respänses are described i the following
paragraphs

Passive acceptance is a re ponse whi6h
lets the visitor know that he or e has been
heard, but without giving a valu judgment
about the quality of the stateme t. Exam-
ples of passive acceptance are:*

."-
"UM-hmmin." "Okay:" "That's* a pos ibility.y

.,.
Active acceptance involves rep r ing,

'translating, orsunimarizing what a nor. or
seVeral Visitora have said or dope. Thi kind
of response demonstrates:n/ or tha you
have hearAithe visitor'symessa , but also
that you have. understOM it. This typ of
response is non-ju, xental and encoura es
further particiPatipn. Examplei of actt e
acceptance are: /

.
,

*4"What I heat you saying is that water on
Mars could7tiave soaked into the ground, so
there e Martian life u derground.%.

"These four People seem t feel that the ,
reddish star moved, but at I t one person
disagrees. *haps everyone. should watch
this one star nen time to try and* decide
whether or not it moved."

.

41.

Empathic' acceptance involves feelings
as well as ideai. By giving an empathic
response, you indicate that 'you havdtheard
and appreciate the visitors' feelings, enio-
tions, or behaviors. Examples are:

"I understand why you are upset with money
wasted on poorly-planned government pro-fl

including some space research."

"Don't feel embarrassed about having
difficulty understanding Eingtein's theory of
relativity. In many ways it is. contrary to
comrittin sense."

d

Replying to
Visitors' Questions

Often 'slides, activities, or iliscussions
provoke questions from the visiTors during
the planetariuni program. Whether .or not
the: questioW are pertinent to your next
point, they usually are related tO the topic-.-
at least !in the visitor's mind. It iS impor-
tant, therefore, to satisfy the visitor's need
for information, while maintaining the gen-
eral floW of the planetarium program. This is
hardly an easy task, but the following,
suggestions may help;

b\Sometimes a short, factual answer is all
that\a visitor, really wants. For example, it
respOnse to the question 'How far away
the rniin?", you might resist the temptation
to define Mean distance and instead reply:

arter of a million miles away."

2) You' can sometimes invite audience parti-
cipation by dmitting; you can't ansp6r a
visitor's que ion. For. example: "I don't
know what Native, Americans called the Big
Dipper.Does-anyone else know?"

3) When the visitor really ,has the means of
answering his or "her own question, you
might use the opportunity for further
instruction. For exaraple: "You can answer
that yourself by looki g at your star map.
Which part of the boriz n is Leo closest tot
Okay, then that's the direction you must

ok tonight to find Leo tlie Lion."

'"about a

. ,



F, Using Responding Strategies

ellf,,

i. 0 iii\ t,, /\ I

. Listen te\an audiotape of a plabibtarium show that you presented. (You can use the same --

, .tape that yeu nitle .to study your questioning strategies.) This time, attend to the responses
that you made to \the visitors'., comments, ideas, and questions,- Classify each response by -

,..

checking the relevant \box below.\

9,

. Responsive Beh viors

wait time

.

response to
.visitors'
answers.and.
comments.'

-Tallies

adequate*
,

should be longer

praise

criticism *

passive acceptance

)active acceptance

S.

p.

empathic acceptance?
*

.repliesto
visitors'
questions ,

supplied answer

."don't know"

suggested strategy

1

.

9
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1. Are most'iresponses in harmony with the types of questions fiSk

2. Which kinds of responses were used most fryuently?

t4

3. How did visitors react to differertt kinds.,of r
0

4. Are th6re specific situations in which a different response Might haye encouraged more p rti-
ciliation?

I
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Mixtv le 6

ACTIVITIES

This module will enable you to select, adapt, and invent activities that visitors
' can perform during the plinetarium-program:

t

Hearing 'about. science, seeing it illus..
tratted, and talking abaotit it are fine-.-.but few
experiences of' hearing, seeing; or talking
can equal., the..excitOnent of actually dotng .
science..

The core of a "participatory oriented'
planetarium". (P.O.P.*) . program is an
acttily" that Involves the visitors in the pro-
gess of .science. I By discoverinx-something
abut. tie1 universe through their own
actions, the planetarium visitors Co:A-cider
to the real experlencebf science,-

.ACtivities proVi eVeral 'opOortunities
for learniti tat. t avallab0-in prok

.grani that is:- Ord dactic... As an- intruç-
tor, yOu ;can obs e 'the difficultiq your
visitm'ene- r; giving you valuable feed-
1;rack on. hovst 01110:are conimunicating

V (see "Module .1). The visitorsohave more
oppkrtunity to obecome directly involved-

th the wbject and 'to' interact: with th670
Ituctot-`)(as 'discussed in Module 2):
luding activities in the program e0ables,,-
u to- brganize the planetarium experienCe

in a variety o'f ways kas discussed Module,
3); and per,tapS most, importantly concrete.
eiperlenCes re Often essential f8F Teople'.of

)r: all ages, tor unaerstand inforMation in an.
unfamiliar area (as discusied ih. Module. 4),

I

The POP acronym was coqted by several prei-
, ponents of theoehnique dfirtpg the, August 1975 .

.Planetar.ium .Abociation of Ctmada meeting, In .

Tortinto. .

The original members of thI POP. group
mere Jeanne Bishop, bale Etheridge.. Samuel Far-.
rell, Jahe Geoghegan, Ron Hartman, Paul Knap-
penlerger, Randy Mullin, Tom O'Brien, Ron

GOlowin, Dermis . Schatz,. Lee ,Simoo,, and Roger
Woloshyn;

f

We will examine a range of activities;
:tome suitable for general:public ShoWs, and
others developed for students at specific

lira& levels. -Activities can" be used'. for
single-visit prograrna-"as well', as for

multiple-Unit classis:

Section A describes three typical activi-
ties -that have been used suecessfully in
single-visit programs foi the publiC and for
schools.. Section B suggests how to use our
Categories of organization, reaSOning ability,
and questfon strategy tO help you select,
activities appropriate, -. toti ;;. :any audience.
Finally, SectiOn Cupp:Add-es; details on 20
lonetarium activities,

1 r

I.

Planetarium . visiiors' observing gas
diScharge 4 tubes through 'diffraction 'gratt:::>
lugs. After seeing the -chqacteristic-tOldik:
of hydrogen, hetium,, merctiry vappr and
argon, 'the visitors can,Identify the composit....
.tion of an unknown "stiir,",



It. A. Inventing Activities

You can invent an activity by thinking
about how the scientific information that
you wish to present wai discovered in the
ArsePlace. Then, imagine how soMe aspects
of 'ffiat discovery 'Could be shafed by the
visitors: For example, ,in planning .a pro;
grain about Mars, We began by thinking
about how astronomers have -; made
discoveries about Mars id the past. Eventu-
ally, we decided on :three activities the
would enablo the visitors to redigcover

' information about Mars from the .viewpoint
of astronomers living at widely separated
historical periods.

The. Mars discovery activities form the
core of.the planetarium program, "The Red
Pjanet Mars," included in Appendix D.
Below, we havtbriefly summaripd three
aCtivities from that program, After reading

- each, example, think about how you' might
use'a'Sithilar approach to comMunicate con-
cepts that are of current interest tO.you.

Example #1
Find the Planet Activity

The .instructor explains that the
ancient 'Greeks astronomers did mot have
telescopes, so to them stars and planets
looked just the same. They observed, how:

, ever, that a few. "stars," including Mars,
wandered among the other stars from night
to night. They cane& these "wanderers," or
in Greek, "planetes," which is the origin of
our word "planet."

To discover the planet Mars in the
planetaritim sky, the-. viSitors are asked to
find a reddish or orangish 'Star. After.three
Mars candidates are pointed out by the visi-

- tors "-using a portable light pointer; the
instructO asks how we might tell which of
these stars is a wanderer. "Sie, what the sky
looks 'like a feW. nighti from now," "Com-.
pare with the,;stars arOund it,it are sugges-
,tions from thefaydien.ce,

.

Next, The knstrUctor divides filo audi-
ence -intO threez groups4 each assigned to
'observe.tone., or thq .-6.1*-1,AAndidate stars.

sever-at .4eeks: of elapsed

. A
:,;

"t ,

time (by turning daylight' up and down
several thhes and advancing Mats inconspi-
cuously), the instructor asks each'group to
report on whether or hot its star ':wandered"

.

-among:the baCkground stars. During.two or
three itich observatioh periods; the visitors
have an opportiniity to;check each others'
sesults,..and. everitualli' agree on which Of
thp three cahdidate stars irreally 'Mars./

"In, the above activity, the visitorsare
not, told by an atithciritrivhich of- the brilli-
ant Ted stars above them is Mars, . They dis7
CoverAt through their oWn collective efforts..
ThiSf: kind of :,activity not only ;teaches :

specific facts (planets were defined and ,

.detected by 'motion . against background:::: L.
stars), but .mAy make a. significant improVe-..:
ment in visitOrS? attitudes toWard selence in
general. here is a chance for'veople who ,
may be shy or frustrated about science to
experience success: They can *science!

Whet other-naked-ey phenomena can
visitors to your planetarium discover, With
planning and guidance from you?'

S.%

1.

Example #2
Mapping Mars

Through A Telescope

After the telescope was invented, a
great deal more information about Mars
became available. To enable visitors to
experience both' the satisfaction and some of
the difficulties encountered by Mars .;
observers like Percival Lowell, visitors are
asked to draw a map of Mars while looking
at an iinage projected onto the; dome. To
simulate the effectt of the Earth's itmos;
phere, the.,ithauge of Mars first passes
through a rotating plastic disc .unevenly
smearedwith vaseline. One fairly clear spot
on the disc provides one especially,, clear
moment of "seeing" every minute. .

When the visitors are- finished'arawing,
they are invited to compare maps with their
neighbors'. ,

56
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Planetarium Activity: Mapping Mars Through A,Teleseo0
4.
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, Visitors find that `soMe maps indicate
straight lines and markings on the surface of
Mars, while other visitors' maps show no
such features. Discussions naturally develop
about whether these features are "real" or
due to observer error or. the distortion
caused by the Earth's atmosphere. The\
instructor facilities discussion among the
visitors to decidtr whether or not specific
features 'really exist on the image of Mars
they have been observing: An opaque pro-
jeCtor is used to show several visitors' work
during the discussion.° The general idea of
controversy in science can be examined.

What other observations can your visi-
tors make through simulated or real instru-
ment§ in your planetarium?

Example #3
Exobiology Activity

The Mapping Mars Activity in the pre-
vious example enables the visitor's to experi;
ence the difficulties encountered by astrono-
mers during the first half of the twentieth

. ,
century: The Great ' canal Debate, which ,

r raged among the 'Scientific community at
that,,,time was a direct' result of the ambigu-.
otis data obtained by observing Mars .,

through the earth'§ attnosphere: ., In the' ,,,...

Exobiology activity, the visitors are invited
to play the role of exobiolpgi§ts .who' worked
during this period,, .when the existence of
Martian canals was a 'Serious poisiblity

If there were canal diggers, thetPhow
is,did they survive under conditions hich

Earthlings would -consider :hostile? The Ivisi-
toss each sketch their ideas about PosSible*: '-

creatures that were naturally adapted to ',ur-
vive in: 1) lower gravity; 2) thinner atmds-
phere; and 3) much colder weather than we
eiperience on --Earth. There is no single
"right answer" to This activity, since 'Mar
different ideas are acceptable. This activity
derrionstrates the potential for creative play
in science, guided by the rational evid ience; .r.i

but open to iMaginative invention.

are relevalick,.
What other designs, or ?nwe

tions can visitors create th
-

astronomy or space travel?
. ,

.c(

-,--

..

Here are some beings.from the planet Earth.
411.

Invent a being from a Mars-like planer
which has: 1) weaker gravity, 2) thinner
atmosphere, and 3) colder weather. than
Earth.

'', the Al-hand-picture is provided to visitors for the exobiology. activity. The box at right was
'-completed by one of the visitors.

1



B. elassifyitig Actiyitia,

,

1;1

: In addition to *nventing new activities
, for a particular' piogram you wish to. pro-
&Ice, it is often popsible select or adapt
'activities that have been developed by Oth-
ers. Collections of ideas for. planetarium
activities May bb fqianck in Under Roof,

iDome,' and Sky, issues Of the Planetarium'
' Directors' Handbook, the Planetarian, and a
variety.- of other sources' (see .ApRendix C,
Bibliography, section§ 1, 3,4 , an 5 for
detailed references). Twenty a ditional

. ideas May be found in the next seTion of
t

this module. .

I
After selecting 'or .inventing a \ small

group .of activities that might be incor-
poratecl into a particular program, we have

. found it useful to begin program planning
by categorizing each activily according 10 the
ideas presented in , the previous three,
Modul s: organization scheme; reasoningt
ability evel; and questioning strategy.

The different classifications are useful
in determining the suitability of .an activity
for a particular audience and purpose, and to

0.

maintain variety. The categorieS are not
ironblad, especially for activities that have
several parts and can be presented in many

.waysi
.1) Batterns of Organiiation as deséribed in.
Module 3 help Youlo visualize the ways that
the visitor§ and instructor interact during
the activity. 'Thinking about 4he possible
choices of patterns. (i.e. didactic.y§. socratic,
small group vs. individual task, group meet-
ing vs: -informal discussion) may also sug-
gest ways of modifying the activity and may
help you Work the actiVity into your overall
prOgram.

Most activities are task-oriented
(either .1pdividual or small group), but can
also be classified as didactic ("Watch. what I
project on the dome right here') or .sOcratic
(instrtictor leads individual visitors step-by-
stei) through' ari activity).

. To practice classifying activities, list
the dominant pattern of organization for .the

. three Mars actiyitie§ described in the prevl-
ous section:

,

Activity
A

.

Pattern o# Organization

(didactic, small group or individual task, informal dis-
cussion, group meeting, or Socratic)

..

Find the Planet
S.

,

. .

it -

.

.

A

.

. Mapping Mars
.

.

,

.,

o

,

Exobiology

.

.\

.

. A

.



'611 2) Reasoning Levels, described in Module 4,
help 'you to consider the le$el of reasoning
ability (egocentric, concrete, or formal) that
the visitors must use in order to perform the
activity. thinking about, how to classify it
may also suggest ways to modify itie activity4)

to make it understandable to a broad* range
of visitors.

l-low would you classify the three Mars
activities according to the minimum intellec-
tual level .required to perforni them as
intended?

.
./t

.

. .

...

Activity .

.,

.

.

.

,

.

Reasoning Level'

.

(egocentric, concrete, or firmal level)
.

. 4

r

.

.

n .

Ejnd the Planet
,

.

Mapping Mars
.

.
.

. Exobiology
.

-

I

3) Activity Strategies: form a third dimension
for classification. Since each activity, poses a
question for the visitors to answer, we can

. classify each activity by using the same
categgries developed for 'questioning stra-
tegied5 in Module 5 (direct information, syn-
thesizing, oPen-ended, and feeling).

Decide what Activity Strategy dominates
each of the three Mars activities by thinking
about the kind of response expected of the
visitors. In,a direct information activity you
expect them to report a fact they immedi:-
ately observe or recall. ,A Synthesizing
activ4 requires .a result obtained by follow-

,

/

.

,
.

Activity
.

..

-

. ,

,

Activity Strategy
, I

(direct information, synthesizing, open-ended, or feeling)
.

.

.

Find the Planet

. .

.

Mapping Mars
. ...

,

,

Exobiology

. .. ..,
.. 0

.

0



4

ing. a prescribed strategy. Open-ended'
activities have many acceptable procedurgi \
and/or results, while 'feeling activities allow \
for the visitors to 'express emoti9ns. ,

Now compare the way you have
classified the three Mars activities with the
way other people in the workshop clapsified

o them.. The comparisons probably Migrate
that some latitude in interpreting categories

I.

:

5$

is unavoidable. Slight differences in inter-,
'PretIng of category definitions, or in the par-
ticular objective you stress fOr each activity,

- can result in different choices. We hope you `,.
gree, however, that the general outline is

\ . elpfUl. A program. that is mostlf individual i
\ ask, formal, and sy.nthesizing, for example,
Iwould-be useful for quite a different purpose

fiont one that is mostly small group task,
cOncrete, and.open-ended.
4 ,

C. A Collection of Activities
for Planetarium Programs

n the following pages are twenty
as for activities that can be performed in

t e planetarium. They were contributed by
the participants in the first five trial
worikshops ,that were held during the sum-
mer of 1978. These activities can be
adapted and combined to produce a variety

. of planetariutn programs, or they may serve
as a springboard for entirely new ideas.

To make it easier to use this collection
of activities, we:begin this section with a
two page index. \ To locate ideas that relate
to a particular?. sUbject, refer to the majOr
topic categories. \

Part I activities present a number of ,

phenomena like' the planets, < meteors,
cometsu and variable Oars, which the visitors
study b plotting their \observations on maps

1144

Z..

and charts. +"Part II concerns distance Meas-
urements to the stars. The, activities in .Part
III relate to scientific !cominunication. Part
IV Includes a tivities. with. phenomena ..

related to the dai y roipn of the earth, and ..
Part ,V inclu es vities related . to
phenomena that require a year or longer to
observe, like the seasons and precessiOn.

The index prnvideS further ipforma-
tion dbout each activity in the three Zolumns .

following the activity names. The first
column lista the'Pattern of Organization, the
second, lists the Reasoning Level required of
the visitors, and the third lists the dominant
Activity Strategy. As illustrated. in Section
B, an individual activity may be categorized
in more thtui one -way4 depending on hOw
you present it+ to the viSitors; or the ,kind of
responies you-are willing to accekt. i

.
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Part I. LOTTING. CELESTIAL OBJECTS AND EVENTS i

Title
1

Organiiation
Pattern,

ii

Reasoning Le4 Activity Strategy
1. ,

#1 Invent a Star
Identification System

small group
tasic

concrete

,

oynthesizing

,qr ,

#2 Using Your Fist ?as a
Measuring Tool

qndividua task
i

concrete/ synthesizing

#3 Plotting th, Paths of
Meteors

individual tail(' concrete I synthesizing

#4 Retrograde. Motion of
Mars

individual task
- , ,

concrete synthesizing

#5 Plotting the Path o a
! Comet

. I

..
i

individual task formal
. .-

synthesizing

,..

#6 Ob tying a Variable
Star

indiVidual task

1 .

concrete to for-
mal

synthesizing

,

'Part H DISTANCE'TO. THE STARS
.

#7 How Far* Away is that
Star?

inditidual task formal
I

i

. .

synthesizing

#8 Using a Blink Com-
parator 0

individual task
. .

concrete .

. ..

direct in o

.

SCIENTIFIC COMMUNICATION'Part III

#9 Mythology: Explaining
the Unexplainable

socra c add
gro meeting

concrete , synthesizing
. and feeling

3 #10 Design a Message for
CETI

...

individual itask
..

concrete open-ended
. j

4 . _

.s2

4
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. Part IV DAILY MOTION
t

Title Orgatftation
Pattern .

Reasoning Level

N

.

Activi 0 1 .Strategy

vf A

#11 Ho Does the, Sun '
Appear t Move? ..

1.

1

tindividual task.

k

concrete direct info .

#12 Ho Do the Stars
Appear to Move? i

individual task concrete
.

direct. info

4#13 How Can You Tell
_Time by the Stars?

s

. individual task formal
_

direct info

#14 How Can* You Tell
e,...Your Latitude by the

Stars?

individual task f rmal synthesizing

...

- .. . .

fetid V YEARLYMOTION
.

.
,

,#15. Long bays, Short
Days

individual task

/
egovcentric . direct info

#16 Where Will the Sun ..
Rise and Set in Different
Stasons?

individual task
. .

concrete ,

.

dyect info
.

#174. How. Does the Snits
Path Change -With the Sea-
sons? ,

individual task
,

formal synthesizing

individual task,
and socratic

formal

./
direct info-#18 Different Seasons,

.

Differerit Stars

#19 Find Your Zodiacal
Constellation / -

---

small group
task

concrete
\

S.
&sect info

.

,

#20 Precession o . the
larth's Axis

individuallesk

....,

formal : . synthesizing
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Activity #1 INVENT A STAR IDENTIFICATION SYSTEM

recorded by Lee Ann Hennig

\+1.

.
exchange with another team that has ,

finished. To test the effectiveness of their
system, each teim is asked to specify one
particular star according tO the Method they
devised. The other team has to figure out
the system, identify the correct star, and,
point it out with a light pointer to show, they
understand how the system works. .

Objectives: The visitors will invent a system
Which can be used by anyone to identify .

stirs in a given:constellation.
.

Materials: clipboard, pencil, and blank
sheets of paper -for, each team. Reading
lights.,

procedure: The instructor divides the visi-
tors into an even number of teams, and
assigns a' constellation to' each team by cir-
cling constellations with a light pointer in
the planetarium sky. Each team. is asked to
invent a system far identifying individual.
stars in the constellation,. so that,anyöne else
can use the system to !mite a particular star
from a verbal designation. Reading lights are
turned on so the visitors can write while
viewing their constellations.

After .each group decides on a system,'
they. ,are asked to record it on paper and

Problem: "Find Mimi.! . .

At the end of this phase, the instructor
asks the visitors to be seated, and asks etch
team to 'describe the system they invented.
Visitors from the team that used each sys-
tem can comment on how well it worked
and, can suggest improvements. This discus
sion can. lead to the various uses for such
systems, and then to the ,"standard star
identification systems that astronomers have
agreed to use (right ascension and declina-
tion, magnitude and color systems, galactic
coordinates, etc.)

System

/7

/s-

13

11

.10

1,

6

5-

3

K

Prablem: "Find Star 111E."

01'

ew
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Activity, #2 USING YOUR.FIST 43 A MEASUliING TOOLt.
recorded and .illustrated by MI Lowry

r

moon, Does that help?" When the visitors
realize that they need a way to measure a
certain distance in the east, the instructor
'explains how to use fists for this purpose;
"Reach out with pne hand and point to the .
moon. Now ball up Your hand tu make a
fist, like this. Close one eye, and line up the
hottom of your fist with the eastern side of
the Moon.- Just to the left of your thumfil is .

the slar I want yQU tq look at."

Next, The instructor presents a prob-
lem which requires the visitors to "stack"
one fist on "top of another to complete the
measuretnent. Vor example, the visitors
could now measure the altitude of the/moon
above the hOrizon in "fists." Remember that
the distance to the target from the observer
will affect the measurement in the plane-
tarium, so it is important that the moon is at!
the zenith tO miniMize the differences in the
visitors' measurements.

A third activity; inVOlving measure:.
ments in "fisti" begins. by dividing the visi,
tors into several teams to measure the dig-
tance between two stars in the planetarium
sky. Members of :each 'team' take turng
standing on the same x-spot, and each teani
average's its results. If the two stars are near
the hirizon, and each team is successively
further aWay,: the visitors can compare the
results of each team and discover for therm,
selVes the dependence of this measurement
on distance in the planetarium.

It is i9nstructive to follow up an activity
like this by having visitors go outside and
find that real celestial objects are so far away

. that Measurements in. fists (like the height

, of the sun above the horizon) flo not depend-
noticeably on where the obierver stands.
With this understanding of how fists can
function as measurement tools; Visitors san

',measure a large-' -variety of positions and
'events (see for eXample the Elementary Sei-
ewe- Study unit, "Where is the Moon?", .'
(referenced in Appendix C, Bibliography,
Section 3 .)

,

kpbjectives: The primary objective is for the
Visitors to be able to use their own fists to
measure tlie angular separation of twp points
in the sky.. Other objectiVes include: learn-
ing the notion of measurement by cornpari-

, s n with a standard; the concepts bf "angle"
a d "degree"; and the emverse relationship
b tween the angular size of a- given object
and its distree from the'observer.
Materials: Planetarium 'projector set with,
stats on, mOon high .in the sky, and light
pointer ready. .

Pr edure: The visitors are introduced to
the nepil for cangular meastrements by a
seri a of questions: "The planetarium,dome

cl se enough to touch. What .abcut the
e sky? Suppose I wanted to pgr'ipt to a
ular star. In the planetarium J can usepa

my flashlight Writer, like this; bu will this
pointer work outside? Why not? ell, sup-
pose I tell you the star is to the ast of the

..

1
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Activit #3 PLOTTING THE PATHS ()F TEORS

corded by Dean Zollman anhen;Wils

$

Objectives: The / viSitors will observe
met0ors in the p anetarium sky and ! plot
meteor paths on sky. map. From 'the paths
they record, the isitors will be ahte to dis
tinguish two kin s of Meteor patterns--those
which appear radiate from a single 'point
in. sPace (cal d a "meteor Shower") and
those which ppear to be random. Some

, visitors e able to explain what causes
th6e pattern .

Materials: i) For each participant: one, a(l,
sky Map for ctirrent season, clipboard,
straightedge, and two differently colored
pencils (an two colors will 'do as long as
they can seen and distinguished iu the

t); 2) reading 'lights so the visi-
tors can serve Meteors and see their sky
maps Sim Itaneously; 3) a commercial or
home-Ma ,meteor Shower projector; 4) a
light poin er; and 5) loPtional] an opaque
Projector r comparing Viiilore data. '
Procedare This actiVitY 'begins with instruc-
tion and p actice in using the sky map (see
procedure or ."Constellations Tonight," in
Appendix ). During this portion thq
activity, th viskors identify a bright star
that (All lat r brused as the radiant of the
MetOor sho er.

+

As the onstellation finding part of the
activity wind to a cloSe, the instructor, uses
his or her p nter to Make a bright streak
across the sk : "What was that? A falling
star? Stars d n't really fall. Today, let's
use the scient fic name 'for falling stara
meteor. Mete are .bits of rock and mfflal
that are floating around in space, and fall to
earth from time to time, burning up in our
,atmosphere as th y fall."

Then, Ole tructor asks the visitors
to watch the sky ery closely, and to record

the location and dire tion of any meteors
theY see by drawing a long.arrow on their
sky maps to repirase t the path of the
meteoi. The instructoil uses his or her light
pointer to create three .or four random

.,meteors. isTo find Out What part of the sky
the meteors are Coming from, use your
straightedge to ektend the arrow backward
on your. map. Do these meteors seem to
come from any special point, or frill
different places?"

Next, the instructor .tqr1s on daylight
'and explains that we will watch for meteors
on a different day of the year, in hopes of
seeing more of them. He again darkens the
dome, and turns on the meteor shower'pro-

jector. He allows time for ten, or twelve-
meteors to be recorded by visitors, using
another color pencil. "Now 'extend the
arrows backwards with your straightedges.
Do they seem to come from one point or
from all over? Does anyone have any idea
why we saw more meteors tonight, And why
they seem to come from one Foint in

,space?"
To 'explain the radiant- of meteor

showers, an orrery or slides may be used to
show a swarm of meteoroids orbiting the
sun. When the earth passes through one of
these "gravel pits in space" at the Same.time
eadh year, we observe a meteor slower on
eartfi. The meteors seem 4o come from one
point in space for the sameo reason that
parallel railroad tracks or telephone poles
seem to meqt at one point on, the distant
horizon. This is ap illusion called "perspec-
tive." Random meteors ,do not belong to
swarms, but float singly in space, and may
appear to come from uny direction.

[Note: For visiting astronomers, dist' uish.
between meteor, meteoroid, and meteo e.1
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Acti(ity #4 RETROGRADE MOTION OF *MARS

recorded by:Garry 4eckstrorn

Objectives: The visitors will pjot thil succes-
sive positions of Mars over a two or three
month period, From their data, the visitors
will learn that the path of a. planet some,

stars. S e visitors Will be able to e plain
times to form a loop amo the

this 'apparent prnotion as due to the arth
passing Mars in its orbit.,

Visitor's data sheet for this activity is a
sky map octhe constellation Leo. I

Procedure: As described in "Constellations
Tonight" (in 'Appendix D), the visitors
begin with instruction and practice in how to
use the star ilapg, with thq. Mars' projector

*off. Then, the instructor turns up the day-.

Materials:, '1) :For each ."participant: 1d- s)iy
map of a small region:of the sky, clipbdard
and. pencil.; 2) reading lights so visitors can
seq the stars arid. their .0aps 'at the same .
fink; 3) a planetarium projector and a com-
mercial Or home-made Mars projector; arid
4) joptionall an opaque projeCtor for com---
paring visitop' data, .!

4,1m. I.

One visitor's record of Mars' pa,th over a
17 week period.

light and explaing tilat "We will now go
11""n backwards in time to when Mars lastr4

appeare'd in the constellatiogS on your maps.
As I turn down the lights, see if you
find what appears to be a bright, reddlish
.1
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star? -aril, mark its position on r map w
a dot:'ffrite.. the lounber '1" nex to the
dot." .

Aftet thei'nstruCtor checks to be Sure. ,

.e that everyone had coirectly identified Mars,
.I he turns up daylight -and advanees arinual-..i

motion one week - (or some other con-
venient intetval). M the sky darkens, thern
visitors mark the, new position of Mars on

0, their maViV ith a dot, and write 'the- next
,

.. 'integer. e process is' repeated until Mars'
.'; conitletes Os rettograde loop and begins to

. .

a 1 moVe out Of the mapped, region., ,,l _op.

After visitors cmplete their plots,' the
.. instructoi: asks the visitoirs to connect the

...I. otenuinbered .dotss\with. odrline, showing the
, .....-,. ,...., .'palk ofNars,,.and to compare the paths with
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their neighbors'. Then, the )14-istructor asks.°
..for volunteer's to describe the path of Mars.
Finally, 'the instruct& asks the visitors if
they can think of several .different explana-
tions for the looped Path.

This activity *can be followed with
activities to show the geocentric (ettitTcle)
explanation. and-, the modern heliocentric
explanation .(that 4. retrograde loops occur
when the Earth' passes Mars)... Having the.
'visitors model the two systems.' with. their
own bodies and actually observe .retrograde
mOtion can be very effective... Project Physics
film.loops provide very. clear explanations of
.retfograde mofion in both the geoiceritric
and: heliocentric Models. (see reference io.'
Holton in Bibliography., Pg. 108).
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Activity #5 PLbTSING THE PATH OF A COMET

recorded by Edna DeVore
(,

: .:ok

Objectives: The visitors will observe a
comet in the planetarium sky* and plot its
path on a star map. Frorii this experience
they will learn that 'coMets travel in curved
paths around the sun, getting brighter as
they approach it and dimmer as they move
further away. The visitors will 'also note
that the 'comet tail always points away from
the sun.

Materials: 1) one sky map, ch and
pencil for eaCh Visitor; 2) planetari m pro-
jector set just after sunset so visitors can see
the stars and the glow from setting sun; 3)
reading lights so visitors can observe the
comet and see their sky maps at the same
time; and 4) a comMercial or home-made
comet Projector that can be , adjusted, in
brightness and position.

Since an all-sky map for the particular se
son is distorted near the horizon, it m
best to prepare a special map spowin
the:portion of the sky where the4Lnet is to
be projectedcoVering about. Mil'aegrees to
120 degrees in atifnuth. horizon references
like trees or che cardinal points may:also be
included:kocedure: Befpre the comet-hunt activity,
.the visitors musklearn how to use the star
maps by locatint constellations in the plane-
tarium sky. Especially for younger visitors,
it may be helpful for them to draw constella-
tion.ontlines on their star maps, so that the.
comet may be plotted against an easier
frame of reference than the stars alone.

\ The instruCtor invites the visitors tc;
joili in a "compt-hunt" by watching for a
fuzzy object in the kyr. As the instructor
gradually turns up the brightness of the

comet projector, one or two visitors will spot
the comet and point it out to the rest of the
visitors.. When all of the visitors have
located the comet, they are asked to draw it

, on their maps, showing its general appear-.
.'ance and location.

Next, the instructor turns up daylight,
and explains that we will hunt for the comet
again a whole week later, also at sunset.
While the lights are . on, the instructor
advances the comet and makes It a little
brighter. As the daylight is dimmed, the
visitors again spot the comet and draw it on-
their maps. This process is repeated several
times.

As the instructor advances the comet,
he or she directs it in- a large circular arc
around the sun. The instructor increases
the brightness, revealing the comet's tail as
it nears, the sun, then-dims it as the comet
moves away from the sa,n. In addition, the
comet projector is Oented so 'that the tail
always points away from the sun.

When the visitors finish plotting the
comet's path, the instructor winds up the
activity with a series of questions.: "How did
the brightness of thp comet afopear to
change? How ' can you describe its path
through the sky? What did the tail look
like? How did it change?. Which way did
the tail point?" Then, after discussing the
observed facts, the instructor may provide
answers for visitors' questions' about the
nattire of comets, and the reasons why they
move as they do, get brighter near the s n,
and have tails that always point away fr m
Ole sun.





Activity #6 OBSERVING A VARIABLE STAR

.recorded by.Cary. Sneider sligi Alan Frietr4n

0
Materials: 1) A slide showing five numbers
that can be projected over pert of the con- .

stellation Leo to label the rnainitudes of five
stars [Figure A, projector 11; 2) a projec-
tor to place a variable brightness dot of light,
in Leo with similar fuzz and clo4to the
planetarium stars. Any single
slide projector can be used aso,
brightness is variable.:,A r
or plastic serves aS41`01i

r6Itiple
s its

Urn,
IebanI is

drilled in th6slide-to make-a:0'0'6'7f iiV'erage
diameter. iFigure A, .piirestor .21; .:1)
brightness V.s. time tiraph, clipboii,a:;- and
pencil for each visito [Figure Itr; afid;:4) a
set of slidei that will help the visitors apply
the binary star model to their observations
[Figured). TO huy materials, see page 96.

Objectives: The visitor will observe a vari-
able star .in the planetarium sky and learn
how to: 1) .measure its brightness by com7
paring it to standard stars nearby; 2). record
its brightneSs for several.nights on a bright-,
ness vs. time graph; 3) discuss itar's !light
curve' by comparing obserVations with ther
*Visitors; and 4) interpret the light cuIve by
inventing diferent models of the star, and
seeing how the models fit the data..

i;

Procedure: The instructor points to a star in
the Constellation. Leo and explains that "Two
photographs of this star, taken on different
nights, show that it seems to vary in bright-
ness compared with the surrounding stars.
It's our job, as variable star obieryers, to
find out if the star is really changing in
brightness, and if so; how it changes." ,

So that. the visitOrs can measure the
brightness of the Star, the instructor prOjects
-numbers 1 through 5 next to certain stars in
the conitellatiori Leo. The ntimbers cor-
respond to. the approximate magnitudes of
these stars. The visitors are invited to esti-
mate the brightness of the suspected vari-
able by &airy -1,thieh -nt beredstar is
closest In brightness to the va iable.

After the visitors Understand how to
measure the brightriess.of the Star, andthave
made their first estimate, the instructor
brings up :daylight and hands out brightness
vs. tithe graphs.i The instruCtor 'demOn-
strates how to use the graph by projetting,a
slide which shows his first night's observe-
tiOn plotted on the graph. "

While .the visitors are 'graphing their
first observation, the instructor resets the
brIghtness *Of 'the variable star projector (Fig-.
ure A), then dims the daylight for' the
second night's observing. The'visitorS esti-
mate the brightneSs of theiväriable, and the
instructor turns up daylight again so visitors
can:_add another data Obint. This prOcess
continues until the

i0
12th "day." By setting'

the dot projector n a pre-determined pat-
tern; the instructor can sitnulake any desired
light curVe. The seqtience of magnitudes--
1,1,3,5,3,1,1,1,2,32,1wIll result : in the
light curve pictured in Figure B.

When the visitors are finished, they
diew a line throtigh tlite plotted points and
compare with 'their neighbors' results. The
instructor, helps the visitors describe the
light curve by asking leading estions: "4re
there any dips in brightnes How many of
you.find the first dip to be low as star 2?
-3? 4? I notice that nearlY-- ll of you said'

, (Figure A. Arrangement of materials .for
"ObOerving a Yarlable Star." k

1641.
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Variable Star Light Curve
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Figure B. Visitor's Data-Shet..',:i_. ..'`
, I

Figure C. /Sample slides for interpieting
"eclipsing binary" light curve.

4 or 5. What dd you think we should agree
on as trhe best/estimate for the brightness of
the first dip9

AftI the visitors have discussed -the
shape .9 the light curve, they are invited to
expl'in it. Often visitors mention clouds or
popution that might cause the changes in
brightness. Some visitors suggest that the

/star itself might be chinging, or that one or
/ two large planets might be orbiting it, and/ blocking off some of the light now and then.

For each suggestion, the instructor asks how
the idea might be tested. Clouds or pollu-
tion, for example, might be expected to
affect all Of the stars in the region and be
presenttonly irregularly. A star's intrinsic
brightness could vary regularly or irregu-
larly, and the large planet model would
predict a pattern of identical dips to repeat.
If there is time, the visitors can c-ontinue
observing for another twelve days and dis-
cover that the pattern- of alternating deep
and shallow dips is repeated, or the instruc-
tor can just say that the ipattern has been
studiede by other astronoiners, who find it
repeats over and over.

Frequeiltly, the visitors propose the
eclipsing binary star model--that two stars
are circling each other. If the visitors do not
generate this possibility, the instructor can
suggest it anti sllow drawings to illustrate
what we could infer if we assume that the
variable dot of lightlwe see is really two

stars very close together. The difference
between depths of the two dips, for exam-
ple,. can be* explained as due to the
difference 'in brightness between the two
stars. The sharpness of the dips can tell us
about the relative sizes of the stars, and the
time between the dips can tell us how long
it takes for the stars to circle each other (see
Figure C). The visitors can measure each of
these quantities from their own data.

Comments: We have used this activity
satisfactorily in a single-visit program,
("Black Holes and Other Strange Stars") for
junior high to adult audiences, and with
gifted, youngsters" in upper elemehtary
school. The actiyity is partictilarly valpable
because amateur astronomers contribute
seriously to the progress of astronomy by

*z.4ceeping track of variable stars, through the
American Association of Variable- Star

,

Observers.
The variable star light carve pattern in

Figure C . is actually quite unrealistic.
Changes have been exaggerated to make
measuring the curve easy for beginners.
llpical light curves for eclipsing variablds
show changes of tenths or hundredths of
magnitude not several magnitudes. Since
the mag de scale is also logarithmic,
there are 0 plications in finding individual
maiinitudes. A. simple4 totally eclipsing
binary cotild not have thtit pattern shown--
the seina dip would be much shallower.



Activity #7 HOW FAR AWAY I THAT STAR?

recorded by Mark Sonntag

Objectives: fle visitors will learn how to.
measure the pa lax angle of a nearby star,'
and how to use t is angle to Compute the '

star's distance.frorn the sun.

Materials: 1). star map showing the region
around. the zenith, a clipboard, and pencil
for each visitor; 2) reading lights; 3) a large
data display hoard which is an enlarged ver-
sion of the zenith star map \ uperimposed
over a grid 9f concentric cir les; 4) two -
slides which .hhow how the pa allax angle
relates to the data board and hoW to coin-
pute the distance to the star,. 5) a "grain of
wheat" bulb suspended on a wire about a

,

Toot below the zenith of the planetarium
dome (the rbulb's ightness is controlled by
a rheostat on th instructor's console); and
6) a fairly, dim, iffuse light bulb represent-
ing the sun, in the center of the plane-
tarium:

.

Visitbrs should be able to move if necessary.
so that they are all roughly equidistant from
the Onter of the Planetarium.

Proc dure: This activity begins by familiarii-
ing t e. visitors with how to use star maps
to lo te constellations near the. zenith. The
instru tor can introduce the main topic with

' a brief, historical sket.ch of the celestial



sphere concept: that all stars are at the same
distance, attachca tp a huge sphere. The
only way to test this idea was to see if at
least one star could be found which was
closer than the 'others.

Before explaining how to measure a
star's, parallax to determine its distance, the
instructor .mightoask an open-ended question
about how we might measure the diatance to
a star. The activity begins as the instructor
turns on the grain o wheat bulb and asks the
visitors to observe it by moving their heads
from °side to side. The visitors may be
invited to 'describe how the star, seems to
move back and forth among the other stars,
indicating that this one star, at least, is

closer than the others. ,The instructor
explains, that "Since the real Stars are so far
away, we have to move our heads several
million miles in order to see even the
closest stars appear to move back and forth.
For that large motion, we take advantage .of
the earth's 'yearly orbit around the sun."

The instructor explains that' "In order
to find the distance to that star, we will pre-
tend that the bulb in the center of the room
is the sun, and each of you is an Observer
on the earth at a different point along "thern

earth's orbit. TV distance of each of you to
the sun is 93 million miles. For simplicity,
we'll call that distance one . astronomical
unit, or 1 AU, and use that as our celestial /
yardstick. To begirt, please *mark an "X" on,
your maps where that closer star appears
agaihst the bkkgrourid stars."

After visitors coMplete the task, they
come uP to the data board, two or three at a
time, to place their "X"s on the board.,
These "X"s will form a rotigh ciitle, and the
angular size bf the circle tan be measUred
byonoting the'elosest concentric circle. The

. instructor diaplays the next slide which .

shows that the angle they measured is equal
to the parallai angle of the star: Finally, the'

..last slide asks 4the visitors to imagine a
gigantic circle with: the Star in the 'center.
The paralla Jangle is useol to determine the

. circumference and that figure is used to find
the ,radius, which equals the star's distance
in AU's. (This metho4 for computing the
parallax is conceptually !related' to Era-
tosthenes' method for computing the radios
of the.earth. I It is 'described in 6Charting the
Uniyerse," 'The University of Illinois.
Astronomy Program, Harper & Row, New
York, N.Y., 1969,spp. 30-3'3 63-73.)

1AU

R CA;

4

Gtoup,dtta board Parallax anglego
How to cOmpute distance
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Activity #8 UsINp A BLINK COMP«ARATOR

recorded bY Kingsley Wightman

Objectives: Th isitors learn how to use,a
blink compàrdtàr to detect the Motion of an
object among the many bright stars that are
visible. Visitors will also learn that this
method is actually used by astronoineis to
discover, new objects, like asteroids, and to
measure the distance tp stars whicli are nor.
.too.tar away.

Materials: 1) two slide projectors; 2) two
slides of the same star field tateti an hour,
week, or even a year apart.whIch /reveal the
motion of an object (stIch as anrastetoid or
planet); and [optionall two slides winch are
taken'six Months apart that reveal die paral-
lax of tvk sten* of different distances.
(Slides may be simulated views if necessary.
'The first two slides are placed in the projec-
tors, and the projectors are adjusted so the
star fields are: superimposed); and 3) Imo.
occult g device 'placed between the two
ptojec rs so that the shutter interrupts the
beams alternateiy, causing first-one picture
then the other to be mojected in rapid suc-
cession, (lhis device is clescribei in "Bli k
lipfor a No4" by Betliqiuyer, AstMomy, .

fr

34-37, May, 1978.) Alfough a motorized
shutter _is most convenient, the instructOr
can also use his or her hand as a shutter.

. ,

Procedure: The instructor begins by intro-
ducing the problem.rte d/iscover new
asteroids by observing their motions. The

. problem is that asteroids look exactly like
-stars! Then the instructor describes the
"blink comparator" by ptinting out the two
slide projectors, and explaining that each

,
projector shows a photo bf the same part of
the sky, but taken at differènt times.

The' instructor .theiturns on both slide
projectors, blocking-or* of them ,with his%
hand (or moving t h 'motorized shutter byll
hand). He asks the

k,
isitors to watch care-I

fully for changes OS he covers the first slide'
projector 'and exposes the second. Psually,
visitors will not be able to see any change at
this point, so the instructor l_tries_A-again,
switching a _little fisteril----Firiallii, when the
indtruCtillr% Sviitaing Or. "blinking" back and
forth-tepidly, the visitors will easily be able
to detecOmovemeni of a single asteroid,
even among, a field of several hundred stars,



This instrument Can *also be used to
detece the apparent motion of a star due to
the eartlVs yearly orbit around the sun. (See
Activity47, for a quantitative approach.) To
understand the *principle of "parallax," each
visitor is askedi to hold his or her thumb at
arm's length, and pretend that it is

By looking at it with one er, and then the
other the visitors -01-in see it appear. to
"jump" back .and,\ forth. This occurs because .

our eyes are separated by a couple of inches..
We can effecti ay separate our 'eyes by a

,

,

,cduple of hundred million miles by blinking,
onee now, and again in six months when the
earth is on the 'other side of the sun. This
large separation Makes our instruMent sensi-
tiVe enough to -measure th6 distance to stars'
very far away. To demOnstrate, the instruc-
tor places two new slides in,,the proJeptorst.,
taken six months apart, which show itvio
stars with noticeable parallax motion..-.The
visitcirs must identify the star. which is closer:,
to US.
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Mtivity 9 MYTHOLOGY: EXPLAINING THE UNEXPLAINABLE

recorded by Gerald Mallon

Objectivi The visitors will aye an oppor-
hinity to help create a my to explain
*rationally a situation, and ,the to see DOW
theAyth is distorted as it is pa sed on orally.

..from generation to gkeration After' the .

program, the visitors willbe abl to define a'
"myth" in th own vords. and entify the

.,probleins tra rhitting idformation
. \vithout. written reco (ds.

Materials: 1) \siting paper, clipboard, an
pencil for each visitor; 2) a light pointer ,or

..two; 3) slides' depicting various cultural
'myths that were created to explain celestial
phenomena.
Procedure: The visitors learn what myths
are'by listening to examplps provided by the
instructor. They briefly discuss the similari-
ties and differences the myths, ,paYing



particular attention tO the way Ill 'myths
explain natural phenomena.'

Then the audience is divided into
small teatns of up tO six visitors,, and each
team is asked to invent a myth abOut the
folloWing situation: "You are part1 of an
ancient culture that suddenly experi'enced a

/ Very long iand severe drought. This drought
lasted several months duting the 'summer,
when the Milky Way is seen high overhead.
The constant cloudless 'nights afforded a
clear.. yiew of the sky everk night`. After
these many months, the rains 'finally: came
and the drought ended. Your challenge is to
invent. and record a myth to explain what
happened."

Two or three of these myths can be
read bY Nisitors who helped to invent them.
One of t4e myth§ which is not read aloud is
reserved for the- next part of. the activity.
The instructor asks for three volunteers who
.did not inYent or hear that myth to leave the
planetariu.m, for 'a few minutes. A fourth
Volunteer is then given these instructions in
the ;planetarium: "The speaker will tell you
the myth ce. You are not permitted to
askçqsti9ns or to have the myth repeated:
Try to re4iember. as h of the myth as

k,

, do,---
1

iyou can. After listening to the myth, you
'will be asked to tell it to someone 'else."

As the myth is read, the other visitors
are told to listen .carefully as each 0 person
.retells the myth, and note any changes that
occur as the myth is transmitted. Once the ..
first volunteer it s heard the myth, the
setond voluntee

rt
is brought inside 'and given

the same-Instructions listed above. Another
volunteer is then brought inside, and so on
until the last volunteer has heard the myth.
The last Iperson should retell the myth to the
entire audience. ,

Finally, the original myth should be
repeated for all of the volunteers and other
visitors to hear. The instructor then leads a
discussion about how the myth Was changed:
"Did rational exPlanations become irra-
tional? How did influences from .our own
culture cause changes? How reliable are

concerning what ancient people really ,/

believed about the cosmos?" After. recap- ."

ping the important points raised by the visi-
tors, and discussing a good danition for
"myth," the instructor -encourages the visi-
tors to continue studying myths from
ancient cultures and locating those celestial
phenomena that they attempted to explai,

I

Activity #10 DESIGN A MESSAGE FOR CETI

ecOrded by Bill Kinsella .

Objectives: After this activity the visitors
will be more aware of qualifies that charac-
terize human eulture and , the problems of
communicating these qualities without using
verbal language.

Materials: 1) a large clipboard with several
sheets of paper (about 16" x _20) for each
team of 5-6 people; 2) reading lights; 3)
[optional] a radio observatory panorama and
dramatic tape recording (see below); and 4)
a slide of an imaginary message received
from the aliens.'

Procedure: The program begins with pro-
jected images of newspaper headlines pro-
claiming: MESSAGE RECEIVED
OUTER SPACE! As the imagai ar pro-
jected on the doMe, a dramatic Taped neWs
broadcast begitis: "JUst hours ago, astronO-
mers announted that unusual signals wete
received from the region of space around
the star Zeta Orionis. We now take you to
the National Radio' Observatory for an on-
the-spot report..."



e
briefly explains why each subject was
included. The intructor then invites each
group to select ote of the subjects listed lind
design a Way to communicate the chosen
subjeot as a pieture. The picture will later
be scanned by TV camera and transmitted to
the aliens on the same channel as the mes-
sage they sent to us.

When the completed messages have'
been postep, the astronomer can provoke an
interesting dis ussion by inviting visitors to
interpret each ot ers' messages before ask-
ing for the d signers.' intentions. The
activity can entl pith an open-endeck discr-
sion about the issibilities of lifeNon other
planets, and the 1roblems of commOnicating
with extraterrestrials. The program can also
be suppleMented with a slide presentation of
the messages that have already been sent
(e.g. the Pioneer plaques, and the message
beamed towards MI3 by the Arecibo
radiotelescope) and long-range plans for
NASA's CETI project (Communication with
ExtraTerrestrial Intelligence.)

The visitors are transported, via
panorama projection, to theradio observa-
tory-,-where--an astronomer -(thel-planetarium
instructor) points out the star, ZettiV)rionis,
in the night sky;.- The astronomer may also ,

discuss what Conditions might be like for a
planet orbiting a star like Zeta Orionis, and
describe some of the problems of interstellar
communication.: The' messages received-c
from the aliens can alsO be ppresented, or
this topic can be avoided to leave the audi-
ence free from suggestions" . that might
influence their later activity.

Next., the aitronother invites thf visi-
tors, to 'participate in a historic' task--to
design a message which will be sent back
towards Zeta Orionis. The instructor divides
the audience into asmall'groupspf five Or six
visitors, and askA each group to list five
important subjects that should be communi-
cated to the aliens. The rehding lights are,
turned on, and paper and plipboards are dis-
tributed to each team.

After all groups finish, the lists are
posted and a, volunteer from each gimp*

4



Activly #11 HOW DdES HE Uls1 APPEAR TO MOVE?

synthesis of two similar activities
recorded by Jack Poynberton and Bill Lawson

Objectives: The, visitors mill learn that the
sun rises in the East each day, "moves"
across the sky, and sets in the West. So, by
observing the sun, we can find East and
West, Awherever we are. The visitors will
also lam that even though it. looks like the
sun is moving, what we see is the effect of
the earth turning arbund once a day.

Materials: 1) planetarium p ojector set for
just prior to sunrise; 2) "M Suti," a large
circulg piece of yellow cardb d with a face
wearini sunglasses painted on it; and 3)
[optioggi] a stool which'swivel. '

Procedure: After a brief discussion about
what; flirections are ana how they are useful,
the instructor explains that die sun can br
used to find East and West.

/ "Let's pretend that it is early morning
i

and we are outside waiting for sunrise.", Star
lamp oil loW; dim cove lights to leave some blue
light. Poiñt to Where yi think the sun will('
come up." Bring up twilight and then brighten
cove lights; notice if most of 'the Visitors are
pointing towards the twilight. "Why 'did you .

point in that direction? Does anyone know
what that directioni is called? That's right,
EAST. Now let's see if you are right."
Bring upssun lnd give visitor, time to Cheer

"Now, where to you think tfie sun will,
set? What. direction do you call. that?
Right, WEST. Since we caNmake things
happen faster in the planetarium than they. :

happen in the real sky, let's find out. if
you're right"' Rotate diurnal motion until the
sun is on the WesternHorizon,

ofio

t

i))



The inStructor then expresses disbelief
that the big sun could actually move all that
distance, 'and ,asks If anything else Might
explain the daily motion of.the sun. After
listening to the' visitors' ideas, the instructor
.introduces "/Vr. Sun" who can be identified.
by hissunglaises. A visitor is 'asked to. help

'by.= holding Mr. Sun so .everyone can see
. him.- All of the visitors are:asked to stand.

up and pretend that their heads are. "Earth."
The instructor demonstrates how the earth
turns in' space by spinning on his or' here,

. axis, and asks the visitoks to. do Vie same..
The visitors °are ihen asked...to watch Mr. . .

. Sun appear to rise and 'set as their spin
- around theitaxes each "day."

. : During Ole last .part of this activity, the .
visitors sit down and iiiatch"the instructor -

model the earth. The instructor faces Mr..
Sun and aski the visitors to imagine peo le.
living On the instructor's nose,.and to't nk

JP'

t ,
- / \

of What time Of daylt must be for those tiny
peopl As the instructor slo*ily rotates, he
stops ask the visitors what time of day it
is for hose people at several different spots.
Finally, the instructOrosks the visitors to
imagine.people living in the USSR to be On
the back of his head, and to determine the
time Of day for-them too, Further questions
could involve people . living on the :
instructor's left ear, right ear, etc.

. An alternative method of modeling
Earth is to ask a visitor to sit in a swivel
chair. The instructor can then rotate the
"earth"- while leading the other visitors in a
discussjon as described in the previous para-
graph. In any case, the visitors Should see \
the sun rise and set from their own point of
view, as they turn around, before they are
asked questions about someone else model-
ing the eg

Activity. #12 HOW PO THE STARS APPEAR TQMOVE?

recorded Carl Rump

I

Objectives: During this 'activity the visitors
learn that most stars appear- to rise in the
.Eastern part of the sky and set in the
Western part of the sky. Other stars do not
rise pnd set, but move hi circles around the
North Star. The visitors learn that this
apparent daily' motion can be explained by
the rotation of the earth:.
Materials: No special materials other than

. the planetarium.projector.
Procedure: This octivity may be perforined
after iristruction on thecoristellations,when

. the visitors can easily identify. groups .of
stars. Sections oT the-atidience are assigned
to watch different gratps of :stars as the
inStructor speeds up time, to illustrate how
the stars move during the entire night. The
visitors share their observations, noting stars

:-"rising in the East, setting in the West, and
moving in great Circles around the' North

!Star. Stars. closeto the North Star don't set
'at all!



Ne the instructor stops the motion
of the plagetarium projector, and invites the

o visttorsto explain the ipotiOn of the,Stars by
pretending to be the earth spinning in space.
The instructor demonstrates how to, point at

A.

a star ,dir
place whi
move in c
do the sa
head as th
sit down, t
volunteers
daily motio

t
ctly overhead, and slowly turn in
e watching .the stars appear to
rcles. Te visitoys are invited to
e, picking any star directly over-
ir "pole star." After the1visitors
ey share _their observations, and.
ttempt to explain the apparent
of the.stars.,

a.
Finall

tors to nam
merry-go-ro
these object
*here was
turned arou
sta? overhea
pointing as
Star! This n
a globe of th

the instructor can ask the visi-
other 'spinning objects-.-wheels, .

nds, and so on. "What do -

have in common'?" An axis:
your axis painting when you
d:a few, minutes ago?" At a
. "Where is the earth's axis
turns in space.?" At .the North
tion can be demonstrated with
earth in' the planetarium.

A grotip of visitors who pasily grasp
the relative motion of_ the earth and stars
might be chEtllenged to predict how the stars
would appe r to move if we observed from
the North,fTole of the earth. After permit-
ting :time for discussion about what to
expect, the/ planetarium instructor sets the
projector far 90 degrees N Latitude. The
same proccedure may be used for predicting
haw the §tars would appear td -move when
'observed from the equator.

-

Activity #13 HOW CAN YOU TELL THE TIME BY THE STARS?
fr

recorded by ViCtoria Lindsay

Objectives: .The visitors will becaine fami-
liar with the daily and ssasontil motions of

. the circumpolar stars; discoveç the pattern
and predictatillity of these anges; and
letrn about the proc e. df te ing. time by
the stars, by constructing a star flock which

uses the pointer stars of the Big Dipper.

Materials: 1) planetarium projector set for
midnight, January 1; and 2) for each visitor:
one brad, pencil, clipboard, scissors, and the
following two activity sheets.
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To enia
t "1) Be etre you ar4cadlOPOthe'Clock.vith "ups: at 'the

top.. l'ihd.the dipper 01the sky. Turn the hand until
the dipper on the clock "tooka,Yike..2the dipper in thciky.

.2) , Now count off.2.aectionp toteact.,:tlonth Peat .Tenintry..
"."Thia,ia where'the band points at (ittli4ghti ,for. the tiue

of. year ii mow. ;, ' 4 . .
. .

To find'the time of :night, couht,,thetituadiar of
sec.'t,iiins..befoke 9r after' 04 rgiv4N:fatit position untlie

erree to the dipper. ',VW nemgikr a:email:Ms You
,icount la the Rambo* of, ,houri,hefOror eftli;

el! . . 1.' '8i ."'

.."Heigh .114! 4in be not lour =lily the ,

day; Pll be hanged; Iliarles' yain is. alter'
. . . A

the'new chimney an 'yet -Q113: horse is- apt
yet packed?' in -this clutite, -frtom
Shakespege's

-driyers tiine;byliezposition-
V,Vain at(Wagop);

:To sti000itolise. tic
Big,.:Ralper,t4 top --tjmc'peiin .by4104ng the

4isitors .obServe and. iketFh "1.1felpaSitOn 'of-.
. the- pipper at IVro-,heiir.litervaik-L-13egirt at

'Midnight .06'114iiisr:r.:1;" I-Md.-have theth .

..!'*inake three obseiVatiOilge...j1until 6 407
olAfve and skeick-'

13ig pisper.at.titnicotkioityals: Mid
nght`an'Ic4ari*,14, May *and. July'i. Aftet
e11set or .otipeNcitions,' sop and ;ask 'the

*--14isitors'103 ansWers
-

7'

.
thenqhonths:

1) How far! has she Dipper-,.,Mo
;alx-hours: (months)

-0:- How m'ariy .hotirs-
e o go all-the waiitibund
s' 3) :fla.);87 far .A;rill

(month) I?

-*hen 4t1ri:.visit4s: tintferStaild hoi47. the
Dipper_ appeats to; move' fionfliour etp. hour**.
end month to Olonitti häri mkt. Inc secant' .

she% andc:folt)ayt fhè direttions' fair 'building'
Star (a130vo)... !This.

Oattralso'be done:in-if* classroom bY 7

tp,e-.4)kinOtilork 'filth.:an 'umbrella
with stars. 5ainted;--oi ,n1ped.ont6 it; with-

olAris at 1136100. .1:

-
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Activity #14 HOW CAN YOU TELL 'YOUR LATITUDE BY THE STARS?

recor d by Bill K6bel, Peter Chard, and Paul Taylor

tf'è- Dfing this activity the visitors
artitbow to.fiend their, latitude by' measuring

tYte'North Star Ave the hor-

cC
.

P.hoto B

Materials: 1)
worksheet for
dra,wings; and
eack visitor,

horizon line. horizon line lib

. .

Procedure: For nioSt $EPOPS"Qt II$Ois,'it is
probably bist to begin byluviewinglhe daily
;notion of. the stars "4(Activity *2). The
.;visitors-,Shouid bp able' to 9xplain that the
earth's' axis pc4nts t9 the:Ngrth Star, and

. 'they should be4104to presikt that the North
Star Nicol4d POReat...0ergead if we were at

;the NOttli Pol,:gjheearth,ind, 'at the hor-
izokitwet obaeved from thelquitor:

..The instructor hands 'out worksheets
.-igifitins Viet "These are photographs

pleett by -three different otronomers. What
.:prstellations are shown on-each? tan you,

the .North 'Star?" Noctrithe -instructor
4 t ,

one globe of the earth; 2) a
each visitor with the following
3) a clipboard and pencil for

Photo C .1

horizon line

explains that each Of the three photogra-
phers Was standing at a different latiiude
the earth (he or she demonstrates the mean-
ing of latitude by pointing to different lati-
tudes on the globe). "Qin you figure out
the e act latitude of each photographer's
positlottfromTh&se pictures?"

'After providing sufficient time for
individuals to work on tile problem, the
instructor can invite visitors .to 'work
together, and/or give clues to help them
solve the problem:What do you need to
Ineasure? How can you meaiure in degrees
on these photographs?".-

1 4 '
Y.

. ,

22
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ctivity #15. LONG DAYS; SHOW DAYS

( \recorded by Sam Storch and Charles Neleson.

-

,2..1 3. if S

. ,'.

(6

Objectives: Prior to àctivi the yisitors
have learned that there are four different
seasons, and that days are shortest in the
winter and: longest in the. suquher. During
the program, the visi ors ifieasre the length
'of day for all fgur se ons.

Materials: A record or tape of. music with
rhythmic 'beats. 'An especially appropriate
selection fOr young children is "What Is the
Sun?" from the album Spdee Songs. For
older children and 4dults, a metronome or.

-1- clock may be more appropriate;

a Procaurei The plinetariuM instriEtor
' begins by demonstrating'ii speededlup slar

day. ( To help the visitolis Understand the
platiOn between the position Of the sun aud
the time of day, the instructor might ask: "Is
it thinning or,, afternoon now? Where will
the sun be wheh it is noon?"

11, IIb

Next, the instructor explains that he or
she has set the planetarium projector to
reproduce the first day of winter, December
2E, and that the visitors will measure the'

,.lerigth of 'that day by clapping ,their hands.
The instructor, then turn onothe music and

, daily motion,:aid ddmon trates hoiv to clap
. with the beats while countiuig out loud.. The-
visitors are given a 'short practice run', and
The 'projectchp is reset to sunrise.

, As the sun riseS, the visitors begin to
clap with the music, continuing until the stin
sets. For upper elementary and older
'groups, the activity Can be shdrtened"by
counting, beats until the sun reaches the

,meridian ahd then multiplying by. two. The
solstices and 'equinoxes are Chosen for this

- purPose since 'the differences are most:
- thitreme on those dates. '

-
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After the length of day is measured for
all four seasons, the 'instructor leads a dis-*
,cussion to help visitors connect their obser-
'vations -with their oWn experiences. "During
your surbler vacation, are the idays getting*

.1

ortermr longer? Just before Christmas;
. , a e the days very short or very long? How.
. about in the frtll when you start school--are

the days longer or stoner than they ate at°
Christmastime?"

Activity #16 WHERE WILL THE SON RISE, AND SET

IN DIFFERENT SEASONS?

recorded by tharles Neleson and Sam Storch

Objectives: Prior to this activity, the visitors
have learned th'at there are four, different

: seasons: They may also have, learned that
Ale sun 'rises in the East and sets in the
.West. During this ;Activity, the viSitors learn
that the rising and.Setting points of the sun
are 'different far differt seasons.
Materials: 1) Arrow Pointers to be posi-
tioned pn.the cove of the planetarium dome
by the visitorsthese can be faihiened .of
cardboard and hung by means of hookS or
Velcro 'fabric stripS. Each 'pointer should be
coded with a number .or leAer so each visi-
tor, cant identify the pointer which he or she
placed. FOr.large. audiences; groups of visi-
tors* can dbcide on the position mf, a 'single,
pointer. 2). 00tional. materials are azimuth
marks every 15 awes. aroutid the cove%
made*with glow-in-the-dark tape, and grata
sheets for recording the positions of sunrise
andsunset in'degrees for each season.

, .

Prgcedure: T1te instructor explains: that the
planetarium shows hOw the' sky appeared .

Inorning,,,just before sunrise. He or she
inpes the'xisitOn to show where they think

.r.tiy :Sun rose that morning by . placing
Ooiiiterstdh'-the cove of the.planetarium, just
,belo*.'the'horizon. 'The four cardinal direc-
.

tinns Aeodispitryed prominently so the
tors haVe a frame of reference.

AS the sun rises jn the planetarium,
the visitors can see if their predictions were
right. or wroni. (?The' same procedure can
then be used to predict the.sunsei 'position,

This experience usually evokes, quite a dis-
cussion since inost people txpect the lun to
.rise and set due East and West. This discus-
sion can provide a lead-in for *proceeding to
t.he summer and winter solstices. and the
equinoxes to .predict sunrik and sunset On
those dates. .

After this activity, the instructor may .

stimulate the.visitors to think about how the
rising and setting points Changeptith the -

seasons with questions such as: 1Vhere do .

you think the.sun will rise next Week? Next
month? How long do w have to wait until i
the sun reaches its sout , ernmost (or north-
ertrost) rising and set ng points?,Is there
*other date during the year when the sun .

will riset and set in the seine place as it did
today?" .

1 :
' ' v"

. .
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N4;7 #I7 ROW DiES THE SUN S PA'TH CHANGE

11 WITH THE SEASONS?

;ei.arded by 4ie Euler ao#JOhn Kritzar

Objectives: During this activity, the visitors'
plot the daily pith of'the sun on the spm-
mer and -winter solstices and :the Tall lind
spring equindxes. From their own data,
they learn that: 1) the number of Claylight
hours varies with the seasons; 2) the posi
tions of sunset and sunrise vary with the
seasons;. and 3) the elevation of the noori:
day sun illso varies with the seasons.

Materials: 1) a celestial coordinate projec-
tor; 2)1 one data sheet, pencil, and clipboard
for each visitor. The sample shown below, is
adjusted for' the latitude' of 40 degrees`N.
For your latitude (call it "L"), the altitude of
the sun a noon will be 90 degrees - L on
the equinoxes; 90 degrees - L 23.5
degrees on the summer solstice, and 90
degrees - L - 23.5 degrees on the winter sol-
stice.
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Visitor's data sheet for th's activity by John Kritzar and Ellie Etiler

_.
Proceduie: At the beginning of the activity,
the instructor describes how to use the pro-
jection of the celestial coordinates to plot
the position of an object in the sky on the
data- Sheet. Then, the instructor explains
that"die planetarium shows how the Sky will
appear on the first day of winter (Decembec/
22) just before sunrise._ The ivisitors ap6
asked to place ligh pencil Marks on their
data sheets where ,4iey expea the. sun to
rise and spt that 4ay, and a thirds mark
where thly expect it to be at noon.

At the Moment of sunrise, the instruc-

/

_

tor stops, the .projector for the visitors to
Check theit predictions and mark the actual
position .with a Small -dark cirife. The
instructor advances the sun, and the visitors
Mark their data sheets at three or Tour other

;, points, including --noon and sunset. At the
bottom 'of the page they, write in the time
and posftion of sunrise and sunset, .the
hours Of daylight and* darkneSs, and the
maximunl height of the sun.' 'After a brief
discuss*, the 4etivity is* repeated for the
summer solstice and the fall and spring
equinoxes.

C.



Actiyity #I8 DIFFERENT SEAS01*DIFFEitENTSTA4100.

recoided by Keith Jghnson

I.

43bjectives: During this activity, the visitors
will find out why we see different constella
tioris at different times of the year, and they
Will be able lo visualize the,earth'S rotation

--Alxis), and revolution (around the
sun); They will alsq find out hoW a person's
"sun sign" ds determined and why it is most

easily seen in the sky six months' before or
after the person's 'birthday.

Materials: 1) a 1004watt light bulb Or other
bright plight hi the ceiger of the rOom
(perhaps Mounted on the projector pede.;-
stal), 2) tWelve signs (about,16" x 20") with
the names of the lodiacal *constellations.
These can be illustrated with the approPriate
star patterns and mythological figures,

Procedure: The instructor asks for 12
volunteers ,whose birthdays coincide with

*... each of the 12 zocliacal constellations. The
volunteers stand in a large circle around Me
planetarium cove. It is probably easiest to
do this by naming each constellation with its
associated birthdates in o der. If no one' is.

' ,

present to represent a certain sign, then that
position should be filled by, someone else.
The instructor diAributes the signs to the 12
volunteers, making sure that the oider. is
correct and Spacings are even.'

The instructor.explains that the' light
bulb at. the center of the room represents
the §un; and aski for onee more volunteer to
*represent the Earth That volunteer isasked
to stand between the sun and Virgo. The
instructor explains that "This is where the
earth is located id pring."

Neat, the instructor 'addresses ques-
tions.to the other visitors to help the.tarth

. volunteer 'decide how to model the Earth's
daily and yearly motions: "If our volunteer'g
head represents 'Earth, and we are located
near his (or her) eyes, how should he stand
so it is daytime for us? Nighttime? How
should he move So a whole week goes by?
How should he move so a whole year goes
byr The instructor asks the Earth to model
these motions as they are suggested..



Finally, besks the Earth to shoW Where he .

would be ip the sumMer, fall, winter and
spring, without actually rotating 365 times.

On the Earth's secolld triP around the
Sun, the instructor stops (he Earth at 'each :

season and asks. :which cOnstellations are
visible at night. The Instructor tan then ask,
the other visitOrs to eigilain why the other
Constellations are not visible at that time of
'year; If the visitors are interested in the
astrological. "sun signs," the instructor can
ask the Earth to identify what constellation
the .SUn aPpears to. be "iri" during each :part

ipf the 'year. The visitors should be able to
ke for themSelves why it, is not possible to

1, see a constellation, while the Sun is in direct
: line with thine stars.

Individuals who have difficulty under-
standing the concepts presentest should have
the opportUnity to play the tole of the Earth,
so they can see the constellations for them-
selves. Since this activity can be peAormed
in any classroom, teachers. call provide this
ckperience fir their students before or after
they come to the planetarium. .

. I

_Activity #19 FINDING YOUR ZODIACAL CONSTELLATION

iecorded by Kent Leo

Objectives: During this activity, each visitor
learns how to use a star map to lbcate the
position of his or her bzodiacal constellation,
:or s'un sign, and learns tO associate a Mytho-
logical figure with the pattern,,of stars. After
this activity,- the, yisitors will , be able to finct
their constellations in the real night sky.

Materials:' 1) a supply of inexpensive star
maps for each season Of the year; and 2) a
small hand-held slide projector, and two
'slides foie each zodiacal, constellation: one
with the star pattern, and one with a Mytho-
logical Agure drawn to correspond with the
star pattern.
Procedure: The star 'maps are distributed
according, to birthdays. Those who have
,birthdays in the summer receive a winter
star map; those with bkthdays in the spring
receive a fall maN and so on. The instruc-

--tor asks the visitors to locate their astrologi-
. cal signs on the map, helping thote who

don't know their sun sign by asking for their
birthdays.

4
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The planetarium projector is set for the-
current season, and the instructor dembn-
strates how to use the maps.. Those whose
constellations are visible are asked' to . find
their constellations in the sky, while visitors
whose constellations lire not 'Visible are
invited to help.

When several -of the visitors have
fOund their constellations, one volunteer is a\''
selected to point out his or her constellation
in the sky.- He is then given. the hand-held .,.

slide projecto(and shown how to change theta
scale df the projected image by moVing
,towards or away Trom.the' dome, He is then
asked to superimpose the image of the star
pattern over the constelldtion in the plane-
tarium sky.

°.1;.;

When the vOliUtiteer _has. succeeded: in*
aligning the projectot, he ifs shown how to
move the ,second slide into position '.to

'i.display an artist's conception of o,the myth-
logical figure over the star. This activity is.
repeated for ce'each Of the zodiacal constella-

.tions thal are visible, and then thec.,plane- .

tarium projector is reiet for the next season.
By .the end of the actiVity,.all of the viSitors
will have seep their constellation andi the
figure it is suppoSed to represent, and know
wheneand how to look for it in the real sky.

0

NOTE: Due.to precession, astrological signs
have ,been shifted about one constellation
from the-actual star positions.

Activity #20 PRECESSION OF THE EARTH'S AXIS

recorded. by George Reed.

Objectives: During this actiVity the 'Visitors
disc er that the Earth'S axis will not always
point towards the North Star, but is slowly .

changIg its orientation M space (precesS-
. ing) wiJi aperiod of 26,000 years.

. .

Materials: Reading lights,. 'and a circumpo-
lar star 1.isp,',pericil; anqi clipboard for each
visitor. .

'Procedure: The instructor begins by demon-.
strating the nightly Motion. of ,the stall
around the, North Star. If the-visitors can
explain 'this Motion as the result- of Earth's:
rotation on an axis which points towards the

Islortli Star (see Activity #12)4then they are
:prepared to understand this activity..

First, the instructor defines the North
Celestial Pole ss "the position .M the sky that
does not apPear to move as the earth'
rotates." The 'visitors are askeC1 \to distin-
guish this point from the 'North Stat by care-

. fully' watehing'the Motion of the North Star
during rapid daily motion, and to plot the
position of the North Celestial. Pole -ai. an).
"k" on their Star chartS.

. Then the instructor adjusts the plane-
tarium projec tqr to show the sky as it will
appear` three thqusand years in the futtire. ,

He or she turg on daily muttonfur a few
minutes so the visitors can locate the new
position of the North Celestial Pole and plot .

this point on their maps. The process is
repeated until 13,000 years have elapsed, d
and the visitors have plotted several "X"s.

At ,this point, the instructor leads a
discussion about where the Celestial Pole
may have been located in the years between
the 3000-year stopping points. Most visitors°
will probably recognize a semi-circOlar pat-
tern of "X"s, and be..able to predia.that the,
Celestial Pole will complete the circle in
another 13, 0 years. The visitors might be

'asked to p ace. a li ht pencil mark where
they believe the Celestial Pole will be in
another 6,000 years: and the instructor can
advance the projectot to allow the visitors to
check their predictiotts.

1',
.. ,

I.
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After this activity, thd instrUctor can
introduce an tarthiglobe and ask the visitors
how it should be held in the planetarium tp
demonstrate the effect of precession. For
.advanced visitors, the instructor cah explain
that precession occurs because the eirth is

J.

;" riot a perfect sphere, but bulges around the
equator. Therefore, the gravitational lorce
between the earth and.sun acts unequally on

. different parts of the earth, causing ithe axis
to ilowly change its orientation in. space.

85
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Module

PUTTING IT ALL TOGETHER

The objective of this activity is for yon to review the tedhniques presented in
this workbook and to apply .them to planning and improving a planetarium pro-
gram. I

A. A Bri

Three ways of viewing components of
planetarium programs have been presented
in this workbook. These 'schemes are briefly
outlined below. The classifications are not
iron-clad distinctions, but are useful in help-

g match subject, visitor, and instructor, to
another, and in maintaining variety.

I

OriItzatlon Patterns
(Module 3)

1) Did ctic OrganizationCommunication' is
entirel one-way: from the instructor to the
visitor .

2)
.

mall Group .Task OrganizationThis
organization allows visitors to interact .with
other visitors: while Working on a comMon

,task.

3) Individual Task OrganizationEach visitor
makeS his or .her own observation or solves

1 a problem on his own. .

4),Irlformal DisCussion OrgallizationThiS pat-
tern of organization .allows free, uninhibited
discussion bY the visitors among themselves.

5) Group Meeting Organization--The group
Meeting is primarily problem-centered, with
the instructor or a visitor acting aS,.a. facilita-,
tor,

6) Socratic Organization,-The iplanetgrium
instructor takes-. the .role of questioner and
reSponder.

Visitors'
Reas9ning Skills

(11odule.4)

1). Egocentrp-Visit s can imagine onlOheir
.own'point of view, hey can notice similari-
ties and differences. Simple association's and
human motives are attributed to itianimate

a.

I

Review
.

objeCts, e.g., "The sun rises so we'll feel
warm."

2)- ConcreteVisitors can imagine another
Viewpoint only after a concrete experienCe.
Beginning with classification by a single trait,
they can later recognize that objects may
belong to more than One class and can

. arrange objects along a continuum. More
complex relationships between variousele-
ments familiar to the indiyidual can no* be'
used to explain phenomena. New observa-
tions can be appropriately u'sed in revising
explanations.

3) FormalVishors can, imagine a situation
from different .pOints of view. They can
arrange objectS in a hierarchy and then rear-
range the objects in a new hierarchy. Visi-
tors can extend explanations to predict
observations and objectively compare their
own explanations with alternatives by con-
trolling variables and making probability
arguments.

Questioning and
Activity Strategies

(Module 5)

1

1) Direct leormationThe visitor recalls
information or recogniZes informatio%that

i is readily observable.

' 2) SynthesizingThe visitor draws some rela-
tionships from irifOrmation that was recalled
or observed.

3) Qpen-Ended-_-The visitor explores freely
and comes up with one .of a wide range of
aceptable solutions.
4) FeelingLiThe visitor makeS a judgment
based on feelings.

5) Otherahetorical an anagerial.';
. I .1
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B. Applying the Techniques

0
Outlining a Program

You can use the convenient chart on
pare sa' tO Outline a planetarium program in
its formative stages. First, list each corn-
ponent of the program in the Subject

column. Then, for each Component, Con-
.

sider the, form of Organization, the. dominant
Questioning- or Activity Strategy (if appropri-

-ate), and finally the Reasoning Skills required
of the visitors. 'The flow Of the program can
be judged by reading down each column.
For example; 'does the Sequence of subject

' matter ideas Make sense from the visitors'
point of view? Do the changing patterns of
organization during the prOgram provide

. variety and focus? Does the range of.
activity and-questioning .strategieS allow the
visitors to participate in several ways' that
further your objeCtives? Are the reasoning
demands appropriate for the visitors who

, you expect will attend ibis program?
FinallY, does the latter part, of the program
encourage intellectual groWth by challenging
visitors to 'understand at a level slightly
aboi,e their.current reasoning ability?

,.

Planning and Improving . /
Verbal Interaction

As you plan the program script, /con-

, sider sequences ' Of questions-- that would
most effectively coMmunicate the content of
The program. Then, try: out the program
:with a live audience as soon aS possible,.

. even before all of the(Special.accessories and
artwork are down pat. Audiotape One,
presentation and analyze the questioning :
anti responding 'strategies as discussed in
Module 5. Especially listen to the visitorS'
responses, t6. questions and tasks that are
intended to involve them in thinking at-a
high levet. If the response is not what you'
expected, you may wish to reconsider the
developmental level of the visitors as dis:
.cussed in MOdule 4. You May decide to
isimplify the task,.2alce. it. more challenging,
or change your irralegy fot Communicating
that subject to th,e. visitors.,

..

Providii Sjupplemental.
Classroom Activities

Alf of the techniques presented in this .

workbOok can be applied to deatloping
. classroom activities to complemenffplane-

tarium programs for school grougs or com-
inunity organizations (like Scouts),. Materi-
als can be distributed to teachers to enable

1 them to do activities with their students
eitherbefore or after they attend the plane-,
tarium program. These activities can teach
the same subjects from new points of view...
They canlextend the visitors1 skills through
games, siaulation activities, small group
problenFsoli,ing,-- or other strUctures that
work especially well in classrooms or out-
doora. The planetariutn programs included
in Appendix D are each followed by two
classroom activities. TheSe have been field-
tested in 5th and 6th grade classroomS, and
tile results of, quizzes indicgited that the
activities were effective in ei5inmunicating

the, subject matter listed under "Objective? '-

of each activity.

,

SystematicAssessmentt

Once the initial development' work is
done, the planetarium -program can be .

improved periodically by. checking with the
Nisitors. Visitor, satisfacpan can bp checked
at the end of the program by circulatin
comment cards on which visitors can sa
what they liked and didn't Like about the

. prOgram. Visitor learning can also be
- checked by pencillnd-paper, or interview

tests with items which indicate whether or
not Ihe objectives of the program were met.
For schooLgroups, tests cr be given to
teachers to administer to their pupils a few
daYs later. Feedback on visitor learning and
satisfaction ;can 'serve as a rich source of
information to improvespecific parts of the ,.

4lanetarium program.
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OUTLINE FOR PLANETARIUM PROGRAM ENTITLED:

Time Subject

,

d

Organization
(didactic, socratic,
individual or group
task, group Meet- .

ing, or informal.
discussion)

Strategy.
(activities or ques-
stions_, are direct
info, synthesizing,
open-ended, or
feering)

,Reasoning
(requires egocen-
tric, concrete, or
formal level rea-
soning)

4

sr,
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...Alendix.,A.

GETTINGI.:A.*ORKHOP T..00fTHER. .

.;

v.

1 Planning ihe'Workshop
.

Onee )fteu have looked over the Plane-

tarium Edidcator's'Workshop Guide, we hope
you will want to get together with other.,
planetarium educators to try out the, tech-
niques described, discUsS what happens, and
come Out with some ideas that are helpful to
you. The surest way to do that is to start
getting a workshoP together yourself. :

People

The first thing you need is more peot
ple. We've enjoyed workshops with as tew
as 10 people, or as many as .75. A dozenl or.
two seems., optimil. You calf find other
planetarium educ ors conveniently assem-
bled at regional planetarium association
meetings and International Planetarium
Society meetings. If you live in a large
metropolitan area, you may also 'have a local
planetarium society, or you might jtist Call

up the planetariums in your area and,see if
-t4Olks would like to get together for a

"\vorkshop. Every member of the Interna-
stional Planetarium SoCiety has received a
copy of .this book, so there should be some
curiopity abroad already.

.

Thule

the': full worksh p, including every-
thing in this book, req ires about 20 hours
to complete. A sam1 three-day agenda
will be described later. But we have also
done single-afternoon workshopi;; using only
a fraction of the material. You might want
to pick out the sections you.personally want
to examine, andt just try. those. Or you

.might consider a series of mini-workshops,
each a few hourklong, to be held at quar-
terly planetarium association meetings, or at'
.some otlier periodic function. The ohly cau-
tion we have to. offer i4 not to-try presenting

f ,

any Module (except. Module 2) in less than
an hour and a half. It can t:ie donebut onty..

by saCrificing discussion, and presenting the .

Material in a straight lecturg forthat. That
*deprives everybody of the crucial exPerience
of trying out and criticizing these tech-_
niques..

Expert Leaders

These do hot exist. So many skills are
Used in planetarium education, and there is
so little in the way, of laws of learning (in 46
cOntrast to laws of physics, for example) 77
that there are no Authorities. There. are
resource people who might have particular
'talents to offer' your workshop, and their
role will be discussed in ajnoment, But the
best.leader for one of these workshOps is
somebody who will be an active participant,
and who, will be skeptical Riad curious, juSt
like 'the other workshoP participants, some-
body like you. .

Leaders do have 'to make arrange-
ments, gather materials, and call the
workshop to order. As a planetarium educa-
tott, you rare eipert. at doing that kind of
service i'ort planetarium visitors, and it is
no more difficult to do so for other educa-
tors. Read through this book, decide what
you would like to try, and you are ready to
be a workshop leader. As a practical matter,
you might want to find a colleague who will
share the tasks with you.

Resource People

We have tried' to make this workbook
*lf-contained, so that you can organize a
kikshop without previous .experience With
the techniques eXainined. There de no
experts on all of the matters in ,this book,
but there are people with experience in par-



ticular areas, such as the theories of intellec-
tual development (Module 4),. A faculty
member of g nearby university's department
of psychology or education would probably.
be ilattered to be invited to give a short
presentation on that topic to yolir workshop. .

But remember that the workshop modules
are designed to be practical,to planetarium
folk, and only by trying out tDe exercises
themselves . will participants .be able to
decide if the theories are useful in their'
planetariums.

For additional Ielp, we recommend
that you contact one or more of the plane-
tarium educators who have experienced the
full three-day version of this workshop.
They undoubtedly have feelings and recom-
mendations to share with you. Those
alumni Might even be talked into helping
you run a workshop. A full list of trial
workshop participants, alphabetically by
state, fan be found on pages 99 -103 of this
book. ) .

,

Space

Any .planetarium will do nicely. A
workshop co.uld even be held without .a
planetarium, but techniques for creating

planetarium programs are certainly taken
more seriously if they are tested in the real .

place. Some modules can also be done in an
ordinary classroom, however, where discus-
sion may be more convenient; When we
have offered this workshop, we have done
Modules 1, 2, 4, 5 and 7 in a classrbom, and
Modules 3 and 6 in a planetarium.

Materials

Each module requires some supplies or
materials, bin mostly just pencils, paper, and
people. 'Details for each module are listed

- in section 3, below.

Each parlicipant should also have a
copy of the relevant print d materials from..

copies of the book already. For thOSe who
this book. Most planetariu educators have

do not; more Copies are available from ,the
. International Planetarium Society (see .the
back of the title:-Page for the address).

,
, You can also make your own copies

*- .

from this book. Please see the permission
notice, also On the back of the title page.
There is no charge for using this material,
but We do want to' kno* that it is being
used, so please write and tell. tis, as
requested....

2. Sample Agenda For a Three-Day Workshop

Below is a sample agenda 'for a full
workshop. Whether or ;not you clo one this
long, the time allocated to each module
may be helpful.

A few items on ihe agenda don't
appear in theworkbook. At the end of each
day we had 1 "wrap-up" of the day's activi-
ties. This was an opportunity for the
workshop leaders to summarize Me material

covered, d to e ress their own views on
its, importa ce. Each "workshop leader (and
each author.of this book) has his or her own
opinions, and as a reward tor all the work
that goes into handling a workshop, a

chance to make personal summarieS is nice.
It's the participants' personal 'summaries
that ultimately count, hOwever.
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On the afternqon of the 'first day, we
discussed Plans for "participanWesigned
activities." This was a popular feature in
which if* participants worked together. "in
small groups to present short visitor-
pkticipation-activities that they use, or think

tthey could/ use. (During the five trial

- .workShops !that were held tiuring 1978,

twenty different activities "were presented.
-These activities have been incbrpo,rated into
module fi of ,this'workshOp guide.)

4he participant-designed activitiel were
presented on the final day of the workshop,
After live demonstrations in the plane.-

tarium, -each :of tile activities was critically
discussed ternis, of the strategies

presented in the workshop. .The discussions
proved to be a most effectixe way ?f,review-
ing and clarifying' the 'techniques as they
apPly in actual practice. iAfter liVely discus-

we.arrived #t a categoriptionr each
acfivity, as shOwn)on pages Sft and.5

e The pirsentatioti "ited Planet Mars"
on ,the Morning of the second day also .
served as an example . to b;anitiysed by the
techniques of die worksh "!!Mars" is by

. no means,a perfect:program, bul it is a prac-
tical exainple Of a single-yisi1 planetarium
show With audience participation. Many of
the strategies described in %the workshop are
used.

.

9:00AM

9:15AM

Friday.

Welcome, coffee and donuts.

ODULE .1 Communication. Planetarium instructors:have an opportunity to
switch roles with visitors and experience differentlevels of instructor-visitor
interaction.

,

11:060AM MODULE 2 reamework for Examining Pranetarium Programs. ,Participants
describe their own-goals and strategies for a planetarjoin prograrm Group dik-
cttssion, about goals (knowledge; skills, attitudes)* and strategies to achieve

them.,
I

12:00PM

PM

,Lunch Break,
, ,

MODULE 3 Organization Patterns. Reassemble in thp planetarium,. A
variety of ways to organize the planetafium, experience for visitors is illus-
trated with excerpts/from public and schooY programs 'used at the Holt Plane-
tarium.'

- 2:36PM .. Break. .
.

3:00PM ". MODULE 4 How the Viiitora See It (Part O. Activities, slides, antt leCtures- . .,

present the 'different types of reagoning used by visitors at various stages of
intellecteial .development. The iMplidations for planetarium educatiOn .of Jean
Piaget's theory of learning are "disCussed. Specific examples are considered
using concepti in.astrohomy and spice scien4.

4:00PM Wrap-up of day's activities. A

4

4:30PM
I.

Discuss plans for participant-design activities,

5,:00PM Conclusion'of fIrst,clay's activities.

7

a.
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Sturday

9:00AK, MODULE 4; qntin ed, Hott e Visijors See It (Part H).

10:30A,M Presenta4on of a omplete participatory program, RED PLANET MARS, fol-
lowed by'a.discu mon of the.program.

11:45AM Lunch;Break.

1:60h4 MODULE Questioning Strategies. Participants consider varioui ways o
asking,,questions to stimulate the visitors' thinking.'

e

3:1-5PM Break..
z

3:30P4M MODULE 6 Activities for the Planetarium. Various categories of activities .

'can be used, like the various questioning categories, to stimulate different
kinds of thinking and learning. Examples previously demonstrated from .RED
PLANET MARS and Module 3 are discussed.

4:00PM ParticipAnts, work in small .groups to
presentation -on' Sunday.

5:00PM COnclusio, of second day's activities.

ca. ,

plan their own 15 minute activity for

900AM. °

12d0em Lunch Break.

Pahicipants present and discuss their own actiliities.

1:30PM

,

3:40PM

MODULE 7 Putting It All Together. The activities presented in the morning
hre discussed and classified according to the categories developed during the
workNop-:, Methods fore desighing ia ComPlete prograni and pre/post-v.isit
activities are diScussed, and a sample pre- or post-visit activity is presented.

Plans for local 'workshops. participants discuss theirlIwn ideas about using the
materials from this woikshop, including presentation of their own version of
the workshop Or other planetariUm edticitors.

3:30PM Formative evaluation of this yiorkshoes.

4:00PM

.4

Adjourn as a group. Workshop staff available until 5:00PM forbindividual con-
sultatioh.

et. .

Aviim
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3. Notes on Presenting githe Individual Modules

-Here are suggestions for presenting
each module. There are also answers to the
questiOns in each. These answers are a
consensus 46f. the authors, bin some of the
ansWers are debatable: Many, sectionp of
this hook Arely on newly devised categories,
and those categories /are not wattt-tight
definitions tested over('generations. Sb you
and. the participantS in your .workshop may
disagree- with the .answers given here. Our
goar is to stir .consideration and improve-

. ment of the techniques, categories, , and
ideas presented. A healthy ' amount of
disagreement is welcome.

Module 1
ComMunication

This is a delightful and even.amazing
activity. You. will find that yOu .and the
other participants vety quickly get into the
spirit of the workshop...'We have 'also found
this aCtivity.makes an' excellent social ice,
breaker.

For every three :participants, you will
need two crayons or felt tip markers, 'tWo.
manila file folders (to serye as .."barriets"),
and half a dozen sheets of blank paper. (We
recycle.used omputer printout.) One par-
ticiOant has to plaY leader and post the .mas-'
ter drawings. The, 'masters should be
prepared irradvance. We usually use simple
geometric Patterns, including some astro-
nomical motifs like the ones shown in4
Module 1.

. Several of the insights that can be
gained from this activityare described in the
module. itself. The use of analqgies almost
always comes up. The need for instructor-
visitor interaction to . Check on how your
visitors are undeistinding and enjoyir the
program is another major topic..

One technique for coMmunication that
rriay arise is the use of an "advanced organ-
izer." That's a short introdUction to the
overall mesSike the irltruet.dr wishes to
communicate 'to the vidltor. Even in our

, .4

*Id axercise, however, this technique will
often be. controverSiall .If the advanced
organizer is' successfully done, it can 'make
'visitors feel more comfed ltable with what fo-
lows. ,If the advanced orgahizer is misinter-
preted in any fashion, the rest of the lesson"

-may, be spent correcting thF visitors' misin7.
terpretation of what is suçfposed to be haP-,
pening.

We hope you will enjoy; Module 1. as
much as 'we do, and .at its end, your
workShop participants will have a list offun-
daniental issues 'about corn nicatiOn in the
planetarium.

11.

MOdule 2
A Framework for Examining

Planetarium Programs- t
: This is a very "talky" unit arid. may
take' less 'time than any other 'module..
There ate two .main fUnctions of Module *2
in the context of the workshop. First,. the .4

module introduces .; the framework .of.
Subject:Visitopinsituctor: 'Looking at interac,'
bona' between pairs or all three ip the basic
pattern of the following modules, .

The,decond 'function is to let the Novi-
cipants yOur workshop describe to each
other their oil.' work and goals. We found
that the remainder of. the workshop went
more smoothly if particiPadts knew of their

, colleagues' interests.

The only materials you need -for

Module 2 are a'blackboard and c lk, or an
Overhead projector ,antd-.markin pen, for :
recording theparticipants' ideas.

This module occasiona
.

ches fire if
participants find they have ic philosophi-
cal disagreements._ At one workshop, parti-
cipants were equally divided between ,those- -
who felt that classical, visual aitronomy was' .

the._ only legitimate 'subject for a plane-
,tarium, and those .vite felt that recent

*,



developments in. astronomy were most
important eyen if they .were not related to
What the basic planetarium projector could
Show

While-we have no resolution's to offer,
- 'we believe ffiat thei' techniques in the

workshoP will help planetarium edticators
achieve their.gOds regardless of the particu-
lar SUbjects to. be preSented.

Module 3
Organiza,,Patterns .

Many participants found this the most ,
exciting module because it immediately gets
down to practical denionstrations Of Plane-
tarium education techniques. This module .

takes more preparation than any other
, because the workshop leaders need to
iprepare the planetarium to present frag-
ments of several different,programs.

. The fragments come frorn Activity #6,
'pages 66-67, and from .the prograrri "Con-

- stelhrtions" Tonight" in Appendix D. -Please /
examine the materials and preparation'
needed which are` fully described with( the'
activity and the prOgram write-ups. '

'We found it valuable to discuss the
planetarium presentations in detail,with the
host planetarium staff.severai weeks before
the actual workshop., For example, reading
lights are needed for some of the activities.
In some caSes, the host planetarium already
had under-the:cove lighting that was ,suit-
able. In other cases, we brought along
extension cords and half a dozen clamp-on
qght sockets, with red bulbs.

In any event, there was nearly unani=
\Mous agreement that theeffort required for
Module 3 paid off in insight,'and practical
techniques. 4 .

The tablefthat opens Module 3 is 'to be
filled otit by the participants as they finish

. each section of the module. The advantages
and disadvantages 'of each technique will
depend greatly on the particular 'program in,
which ttie technique is used, but here are
some overall guidelines:

In, the Didactic Organization the instruc-
tor° Can select and order all of the ideas to be
included in the program, and present them

,

a

,

VIS

rapidly a'nd 'efficiently. The principal disad-
vantage is 'that the instructor may not know
whether any of .that information is. reaEhing
the visitor.

The'.$'mall Group Task Organization is a
good' way to start, audience participa on.
This techniqu% has the advantage of pro

, ing group support for visitors who might
intimidated if asked .to do the task alone. A
disadvantage is that smrill groups really must
be smallpreferably three to six 'people
each--so that no visitor is lost in the group:
With huge audiences, this' majt. mean that ..
'there .are .too many groups and . that the
instructor cannot give each group time' to-
report its results. As with all activity organi-
zations, there is. always the difficulty .of
finding an 'activity that is sufficiently chal-
lenging and at the same lime practical for
ev,eryone.

In the' Individual Task Organization.
/each visitor's accomplishments can engender ..
a Sense Of personal pride. Individual taskS
work well with either small. or large audi-
enCes. Hearing a visitor call out "I got it!" is
'a delightful confirmation of the benefits of
this organization. A diSa'dvantage of thiS
techniglivis the possibility' ithat some ndivk
kluals.may not succeed at their assignedtask.
This. danger, can be avoided by carefully
selecting and testing each activity. ,

The Wormal Discussion Organization
gives visitors an opportunity to express their
'feelings and reduce the forrnality and (id
structure of the planetarium visit. Visitors
also apPreciate the opportunity to confirm
their feelings ,,about holW a program or
activity is going. This organizaer, how-

,
ever, gives, you no guarantee of.just w
will happen, and indeed, Whether the infor-

,mal discussion is valuahle or not may vary
froM group to group.

The GrOUp Meeting Orgipnifation allows
visitors to tilk with each otlir in' a con-
trolled atmosphere with.glear goals in mind.

-. IThe group may amaze tself with its ability
to find answers that zo ont member of the
group could have determined alone.

The group meeting does require care-
ful initiation. and ,some skill on the part of
the. facilitator. The group .may take a long
or a short time to reach its conclusions, so. ."

I

.,>
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.
this:Organization mak riot be easy tn fit. into'

iigld time schedule., ,
. r .

The. :Socratic Organization-. is like.. the
didactic in *that the .instructor ,controls the.
progress and the *rate of informagon
presented. Unlike the didattic organization,
however, .the 'queskons and visitors'
responses in the Socratid scheme allow some
visitor. participation 'and give the instructor
continuoUs feedback on how well the
responding visitors are follOwing *the
gram. This technique does require' great
skill on thepart *of the instructor so, that*the
organization does:not become too,' authori, -
tarian and intimidating': '

,

The authorS' answers for theexamples
'of organization skills on th e. last page of the
module are: *I) Socratic, 2)' Didactic, 3), ,

individual TaSk, 4) 4nall GrouP Task; 5)
Group Meeting, an ) Informal Discussion.

1

Module 4
How the Visitors See It

, This is the most k thedretical dnd

perhaple-...4e most fundamental module
because it presents a serious,. philosophy
aboUt how peoplr learn. ,Thei applications
that have been fotind for these theories go
far beyond the planetarium, ancl participants
may find, thete ideas uieful hofh inside and
outside of a starry dome.

The required materkals are thoise to set
p, the Martian Dilemma Pipblem. You
ill need three small' spiteres .on stands.

Styrofoam balls and cardboatd or wooden
mounts will cip. You also need a small.Plas-
tic or paper Ngure to stancf on the Mars
sphere and a bare ligfit bulb,to represent the

-sun.

Many of the duestions asyed in 'this
mOdule are answered in the text itself. On
page 22 , Question -1 shoUld be answered
EgocAtric and. Formal., For Question 2, a
visitor would have to 'imagine himself
Observing the objects .in each picture from
within the plane' of the picture,1 itself. . to
understand the concept. 'That's a formal
level task, but it could be made concrete if a
three-dinensional Model of a spiral galaxy
could be passed around the audience or if a
continuously rotating projection:, could be

.

shown so that the visitors actually see a sin-.
gle galaxy .as their observation poict moved
in and out *of ,the,galactit plane. The figure
on Page 23 dealt, requires formal level
reasoning because the sets of individual pie-
tures .can be understood only ie the visitor
realizes that they are presented from three
different frames of reference.

. . .

In Sectiim B, Classification 1 Is For-
mal, 2 is Ego entrie, 3 is Concrete, and 4 is\ -
Egocentric. , . .

On page 31, the explainer in the..first
cartoon strip is thinki'ng. egocentrically.' In
the second cartoor0 the wizard on the right .

is displaking formal reasoning:

Module 5
I)uestioning Strategies .

Many participants fotmd the strategies
described here to' be as useful in classroom
work as -in The planetarium. Questions- and
'answers...ate useful both as. an alternative .to
didactic lectures and as a means of fipding,
out What your visitors or students kno*.

the main difficulty with this module is
that the categories f questiOns are net iron-
clad, and it's easy get into' arguments
about how. a :particular question should &
classified. However', the process of analyzing
one's own questioning strategy is extremely
useful: even 4f the category system is not
mathematically precise. This is another

etalking" inodtile, and no physical materials
are required: On Ptige 41 , -we would dn.;
sify the questions in the saMple transcript
as: 1) D, 2) M, 3) 0, 4) 0, '5) D, 6) D, 7).
M, 8) R, 9) F, 10) M. .

Module 6
Activities" for ihe Planetarium.

Module 6, like Modulel, gets down to
practical eicarnples'.of activities in the plane-
tarium. Three sampleeivities are clis-
cussed", all .from "The R Planet Mars" pro-
gram given earlier, Please consult page 161
for a list of materials that you willneed. Ai
in Modble 3, it is especially important to
consult witb the host iphinetariurn. FiF,04

6
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example, you must determine whether the
planetariuM projector.has a satisfactory Mars
for the first actiYity.

As noted on yage 91 , we expanded
this modulp by inviting participants to wOrk
on a "small group task" to develop and
present an activity to their colleagues. We
limited eaCh presentation to fifteen minUtes,
.followed hy fifteen minutes of open discus-

a.

-

sion abput how the activity Might be
*expanded, Unproved, and ,incorporated into
an entire, program. For many of the partici-

. pants, the presentation and discussi6iiof
these actiyities were the highlights o the
workshop.

-

We would classify the three samPle
Activities from "The, Red Planet Mare as
follows.

Aciiviv

.

Pattern of Organi-1F

zatioh ,

Reasoning
,

. .

it-ctivity Stritegy

.Find the Planet , small group task concrete Synthesizing

Mapping Mars .
.

smajt group task , concre e direct info

. Exobiology individual task concre e open-ended

-% Module r
Pitting It All Together.

Module 7 is a review of the .enti're
workshop. To proVide examples of how the
concepts presented: in the module are
applied, We found it useful to center discus-
sion around the participants' ac4ivities,
presented in MOdule 6.

Before beginning the discussion, Oraw
an Outline like that oft page 88-, ort k black-
board or overhead projeator.. In the left-
hand column, list each of the activities that
were presented. When the group assembles,
'start by briefly, reviewing the categories
developed in' Modules 3, 4, and 5 which
form the headings for the next three
columns of the Outline. Then, present the

..."group meeting"," task of clas ifying each
activity according' to the catego ies listed 'at
the head of-each column. Yo r job is to
faCilitite the ditcussion and list ne or more
anSwers for eaat cell in the Vuttne.

a A-

According Ito many of the pagicipants,
this final,diScussipn (vas the m st helPful of
the workshop in iinderstandin the implica-

tions Of many -of- the techniques that were
presented in previoUs sessions. ".

4S? If there is sufficient tirne yOu might
wish to present one of the pre-post aCtivities
that are described at the end Of each of the
Planetarium programs in APpendix D. One,
of the most poptilar activities, that can be
done in about a half-hoUr, is Cosmic

:creatures described on pages 1$7-192.

inallSr, we . recommend that - you
prepare an ei/aluation font on which viSitors
can indicate what theY liked and didn't like
about each module. A Nipmmary of these
evaluation forms 11/11 be ery useful to yon
or to any of the parlicipants who may wish
to present a workshop in the future.

When Your Workshop Is Over

We'd like to hear what happened.
your experiences can help us improve these
materials, and we'll pass your comments on
(if you wish4 to ottfers who may be trying
their own versions the workshop. Our
address is on the back ol the title page.

.. .. .

. ,
,,,.
Air . 4

.,,,,,

:.,
'risk

q.rd.t

'

4 Ord ing Mat dais froln,the Lawrence Hall of Science
.

I
1 Slides and poster used in this workshop and in the.model Programs in Appendix D. are
availabq from te%Ast onomY Program at the LaWience Hall Of Science. As long as our stock 1!!

lasts, we are.pr&.iding ihese/materials 'at our cost as a nrvice tO planetarium educators. 1: 4

I If you Nish to order any of the materiali below, 'please send a cop)/ of this font with a -

purchase order, check, or pion* order made byable to "Regents of the University of CaliforL .

nia." If you wish larger quantitits (for example, multiple classroom sets oflhe .posters) please
write for price and shipping cost information.

It °
.7 WV' 411.

II
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.. ..
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# , \
.

MATERIALS Available from the Lawrence, Hall of Science (Ordeqortn).
. .. ;\

>
.

, -

,
Desalt).lion . .

'

,

Prke
. .

Quantity ,: Total

.

.

.. ... ---) . . Mk (
&fide set fdr "The Red Planet Mars" . ' .

--. 21 Slides made directly from Our original sources.

,

.o

$15.75/set

.

.

.

.
. *-1

4

\....
4

Four Kodalith slides, Versions of t 'Big Dipper, for the
"Constellations Tonight" prograili. These slides are

intended for_ Wein a "brute force" projector, so-you,will
'Itave to.vaiy the magnjfication to fit your planelarium.

-V

.
.

.

.

3.00/set

,

.
.

,

.

.
.. .

PostS for classroom 'activities to supplement "Constel-
lations.Tonight": 5, large SePtember-October sky' pup. ,

.50

.
,

_

.

.

Six posters for classroom activities to supplement"Red
pPlanet Mars." ,

. .

1.50/set

.

.

Artwork .and slides for Activity #6, "Observing a Vari-
able ,Star"--clean copy /of the visitor data sheet fot
reproduction, a Kodalith slide of the comParison star
magnitude numbers, and 11 Kodalith slides illustrating
eclipsing biliary star light cuives.

.

,

9.00/set

.

.

.
.

.
.

y

.4,

,,

TAX. California residents add 6% sales tax. BART
counties, .6,1/2%. i .

.

-

...

,

.

_

.,,

.

SHIPPING. .Handling and shipping is included in tile
prices given above except for posters, wbich are 'mailed

in a stiff tube. Each tube holds up toll2 posters and

costs $3.00, including shipping.
.

.

3.00/tube

.

.

,

.

TOTAL --:---i--0-
,

1
Prices and availability are suiii;ct -to changer without notice. Orders should be sent to-

Wor shop Guide, Astronomy Education Program, Lawrence Hall of Science, University of Cal-

iform :Berkeley, California 94720.

v.

97'

.
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Appendix B

1978 WORKSHOP. PARTNIPANT
I I"

.,CANA,DA ,

Cladde Fpubert, ,Ontario dScience Center,
2 70 Don Mills Road, -Don Mills, Ontario,
Canada;cM3C 1T3, (416) 429-4100

*AIM Fikwcett, 'Centennial Planetarium, Box
2100, Cidgary, Alberta, Canada,. T2P 2M5,
(403) 264-2030

John .Mingrave, -Provincial -MUseum pf
Alberta, 23845 102nd Edmonton, Alberta,
Canada, 9N 0M6, (403) 4522150

\ PUERTO RICO

Delores Baliac, Univefsity of Puerto Rico,
Physics .Department, Mayagnez Campus,
Mayaguez, Pueitt, Rico 00708, (809) 832-
4040

*

Xs

u s

California

Edna K. Devore, Independende High School
Planetarium, 1776 'Educational \ark ,Drive,
San Jose, California 95133, (408) '926-1776

Alan J. Friedmak,1 Holt rlanetariuni,
Lawrence Hall of Science, University Of Cal-

- ifornia, 'Berkeley, CA 94720, 1415) \\642-
0552 \
Jean Henry,' Shreder Planetarium;,' Sluta
County Schools, 1644 Magnolia Street, Re&-
ding, Ca1ifornia96001 (916) 244-4600 \
Victoria Lindsay, 404 Arballo Drive, San
Francisco, 'California 94132, (San Francini°
State University Planetarium), (415) 685-

.1230 '
Lawrence Lowery, School of. Education,
Tolman Hall, University of California,
Berkeley, CA 94720, (415) 642-4206

\ James Park, San Luis Obispo Senior High
I School Planetarium, 1350 California
I Boulevard, San Luis Obispo, California

I

93401, (805) 544-5770

Richard Poremba, Astronomy. for America,,
Inc., 9345 Easton Aventie, San Bruno,
fornia 94066, (415) 871-0566

Steven Pubis, Holt Planetarium, Lawrence
Hall of Science, .Unimersity of California,
Berkeley, CA 94720,015) 642-3670 9

Sonia Silva, Science Center, Sierra College;
5000 Rocklin Road, Rocklin, California
95677, (916) 624-3333 1

Cary' I. Sneider, Holt Pla4tariuM,
Lawrende Hall of Science, Universiti of Cal-
ifornia, 'Berkeley, CA 94720, (415) 642-
4429

Marvin J. Vann, Foothill College Plane-
tarium, 12345 S. Almonte Avenue, Los
Altos Hills, 'Califdrnia 94022, (405) 948-
8590

.Don Warren, City College of SanTrancisco,
50 Phelan Mrenue, San Francisco, California
94112, (415) 239-3242'

Lori Warten,, Rosicrucian Planetarium, 1342
Naglee Avenue, San Jose, California 95126,
(408) 287-917,1

Kingsley Wightman, Chabot $cience ,

Center, 4917 Mountain Boulevard, Oakland,
California 94619, (415) 531-4560 c

Kenneth Wilson, Morrison Planetarium,
Golden Gate Park, San Francisco, California

.24118, (415) 221-5100

Kay Woolsey, Santa Barbara Museum' of:
Natural History, 2559 Puesta del Sol; Santa

I Barbara, California 93105, (805) 682434

N , Colorado

Charles ptrcival, Venus Planetarium, 2525
Mountainview Drive, Pueblo, Colorado
81008: (303) 542-8077

Mark S. . Sonntag, Fiske Planetarium,
University of Colorado Boulder, Coloiado
80302, (303) 492-5002



r.
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Connecticut

Rachel P. Fitch, New Canaan High School
Planetariuin, New. Canaan, Connecticut
06840, C203):966-9427 .

John F. Lindholm, 151 .Deercliff Road,

r m, Hartford; Necv. .Mil-
AVon, 'Connectic106001, (201). 677-2206,.
(Gengras Planeta
ford High 'School. Planetarium, NeW Mil
ford)

Delaware

Helen K. Moncure, Christiena High School
Planetarium, Newark, Delaware 19713,
(302) 731-2125

Florida

Nedra A. Lexow, Oiscoyery, 231 S.W. 2nd
Avenue, F. Lauderdale, Florida 33301,
(305) 4624115 ,

Idalw

Steve Holland, draters of thefl Moon
. National Monument, Rock Creek Nature
. Center, Box 29, Arco, Idaho 83213, (208)
, 527-3257

k

Jane A., Bubeck, Patapsco. Middle School
Plarfetarium, 403 Old Frederick Red,
Ellicott City, Mgyland 21043, (301) 465-
7121

David Candey; Jr., RD 7 Box 194,.Elkton,
.Maryland 21921; (301) Maryland 20031,,,.
(301) 423:6565 (Oberlin .College Plane-
.tarium, Oberlin, Ohio)

Lora Chamblee, RD '7 Box 194; Elkton,
Maryland 21921, (391) 287-5321 (North
East,High School Planetarium)

Joseph DiRienzi, Kathleen PriceS Bryan
Planetarium, N. 'Charles Street, Baltimore,
Maryland,21210 (301) 435-0100

Massathusefis

W.. Russel Blake, Plymoutn-Carver Plane-
4arium, Long Pond Road, Plymouth Mas-
sachusetts 02360, (617) 746-8450 4

Michael Burke, Plytholith-rarver Plane-
tarium, Long Pond Road, Plymouth, Mas-
saChusetts 02360, (611) 746$450

Jo Ann Coplin, Bassel Planetarium, Depart-
ment Of ikstronomy, Amherst College,
Amherst, Massachusetts. 01002, (413) 542-
2075

Indiana

Jennie Howe, W#shingion ToWnsiiip PlinV4P'e-
,tarititit\1801 E. 86th Street, 14ipolis,
IndlanN6240, (317) 259-5362

Kansas

Majy Jane Butler, Hutchinson planetarium,
130 North Plum, Hutchinson; Kansas
675 li,(316) 662-2305.

V
Dean Zollman, Department of Physics,
Kansa State UniverSity,' Manhattan, Kansas
66506, (913) 532-679$

Jesse W. Scott, Arabi Park Mid le School
Planetarium, Mehle Avenue ahd N. Roche-
blave Street, Arabi, Louisiana 70032, (504)i
271-041.1

Michigan

Garry Beckstrom, Exhibit Muswm Plane-
tarium, University of Michigan, 1109
Geddes, Ann Arbor, Michigan 4$109, (313)
764-0478

Minnesota

Lawrence B. Mosconi, ComO Planetarium,
780 W. Wheelock Parkway, St. Paul, Min-
nesota 55117, (612) 4.89-8035 '

Nebraska
. .

Carl ,Rump, Dalc Planetarium, Box 77,-
Wayne. State College, Wayne, Nebraska
68787, (402) 375-2206

Di& H. Steffe, `Chadron .State College
Planetarium, Math and cience. Building,
Chadron, Nebraska 69337, (308) 432-4451



NeVada

Dave Hostetter, -Pleischmann . AtmoS-
pherium and Planetarium', University of
Nevada, Reno, Nevada 89507, -(702) 784-
4812 (ti

New Jersey

Rosendo- Abreu, C.S.D. Planetariuin at I.S.
184, 523 44th Street, Union city, New Jer-
sey.07087, (212) 993-2964

Higinio D. Rodriguez, C.S.D. Planetarium
at I:S. 184, ,523 44th Street, New Jersey
07087, (212) '993-2964

New York

Steven M. Bernstein, P.S. ,24 Planetarium;-
.660 W. 236th Street, Bronx, New York
10463t (212) 220-8446

Victor ,Chung, Physics Department, City .
College of New York, New York, New York

. 10031', (212) 690-6879

Juan Fonseca, LS. 184, 778 Forest Avenue,
Bronx, New York 10456, (212) 993-2964,

Michael Gbsiewski, Marlboro Central High.
School, Cross and Prattelcill Roads, Marl;
poroNew York 12542, (914) 236=4252

. Tom Hanillt,on, Wagner College Plane-
.tariwn, Grytnes .Hill, Staten Island, New
York 10301, (212) 390-3010

Eugene G. Harple, Lindenhurst Schools
'Planetarium, 350 S. Wellwood Avenue, Lin-.
denhurst, New-York 11795, '(516) 226-6536

Bill Kinsella, Schenectady Museum Plane-
tarium, Nott Terrace Height's, Schenectady,
New York 12308, (518) 372-3386

s. Kent T. Leo; 3850 ,Sedgwick Avenue,
Bronx, New York 10463,- (212) 292-0262
(LS. 184--District 7)

Chides S. Neleson, '75 Jamaica 'Avenue,
Plainview, New York 11803; (212) 22975029
(Kryger planetarium)

Murray Spindel, Ereepork High School
Planetarium, Brookside Avenue, Freeport,
New York 11520, (516) 623-2100

Samuel A. Storch, Edwin P. Hübble plane-
tarkim, E.R. .Murrow High' School, 1600

, . Avenue "L", Brooklyn, New York 11230,
(212) 258-9283

. Ohio

101 ..

Robert Andress, Warrensville Heights High
School .Planetarium, 4270 Northfield Road,
Warreniwille /Rights; ',Ohio 44128, (2'16)
752-8590

Rog?, Derewecki, Coshocton Public SChools
4 'Planetarium, Coshocton Middle, School,

Severith Street, Coshocton, Ohio 43812;
.,(614) 622-1058 .

Bill D. Kobel, FairvieW High School Plane:
. tariurn,'4507 W. 213th Street; FaqvieW
Park, Ohio 44126, (216) 333-4250

, .

Bud. Linderman, Midpark Planetarium,
7000 Paula Drive, Middleburg Heights,
Ohio 44130, (216) 234-6884

Gary E. Mechler, Cincinnati Museum of
Natural History, 1720 Gilbert Avenue, Cin-

.'cinnati, Ohio 45202, (513).621.3889

Oklahoina

JoleneIngram, 2600 N.W. 63rd #85, Oak-
lahoma. City, Oklahotna 73116; (405) 755-
6777

Ron P. olowin, Omniplex, 'Kirkpatrick
Planetarium,. 2100 N.E. '52nd Street,
Oklahoma City, 6klahoma 73111, (405)
424-5561 .

Oregon

Gary M. Bogner, H.C. Kendall Planetarium,
Oregon Museum of Science and Industry,
Portland, Oregon'97221, (503) 248-5925

Pennsylvania

Henry D. Dobson, Central Colombia High
School Planetarium, 4777 Old Berwick
Road, Bloomsburg, .'PennsylVnia 17815, .

,(717,) 784-2833
.

Jack Lifkowitz, Interboro Senior High
School Planetarium,. 16th and' Amosland
Road, Prospect Park, Pennsylvania 19076,
(215) 521-15Q0

Gerald Lt. Mallon, Methacton"SchoOl Dis-
trict planetarium, Arcola Junior High
School, Eagleville Road, Norristown,
Pqnnsyhiania 19401, (215) 489-1900

)



v,.

102

't

Thomas P. O'Briek Fels Planetarium, 20th
and The Parkway, Philadelphia, Pennsyl-
vania 19103, (215) 448-1292 .

George Reid,
tarium, West
(215) 430-2788

Y.

Wes hester College,. Plane-
ester, Pennsylvania 19380,

Te.;ca

Barbara Baber, Morgan Jones Planetarium,.
P.O. Box 981, Abilene, Texas 79604, (915)
673-2751

Jim Clements, St. Mark's Plan.etarium,-
10600 Preston Road, Dallas, Texas 75230,
(214) 363-6491

Wynn Godwin, Richardson LS.D. Plane-
tarium, 447 Crestover Circle, Richardson
Texas 75080, (214) 238-8111

John HickiC Mariam Blakemore Plane-
-tariurn, Box 5542; Midland, Texas. 79701,
(915) 683-A41
Lecie Huff, Richardson I.S.D. Planetarium,'
447 Crestover Circle, Richardson; Texas
75080, (214) 238-8111

Keith H. Johnsorif POole Planetarium,
-40desSa College P.O. Box 3752, Odessa,
Texas 79760, (915) 337-5381

Eloise Koonce,- Richardson I.S.D. Plane-
tarium, 447 Crestover Circle, Richardson,
Texas 75080, (214) 238-8111

Bill Lawson, Garland I.S.D. Planetarium,
3505 Hayman4Roadaarland; Texas '75043,
(214) 271-4152

Sandy- Nobles, Richardson 1.S.D. - Plane-
tarium, 447 Crestover Circle, Richardson,
Texas 75080, (214) 238-8111

Jack C.,Pemberton, La Porte High School
Planetarium, P.O. Box 22, La Porte, Texas
77571, (713) 471-0950

Donna C. Pierce, Dallas Health and Science
Museum, .P.O. Box 26407, Dallas, Texas
75226, (214) 4284351 ,

ohn Pogue, Grand Prairie I.S.D. Plane-

* t , *301 'Warrior. fail, Grand Prairie,
Ts 75051, (214) 264-4731
S tt PQhl, Kimitz High School Plane-.

tart m, Oakdale at Center Woad, Irving,
Tex s 75060, (20).259-3621

. Jam s Rusk, Mesquite I.S.D. Planetarium,
2501 Memorial Parkvty4 Mesquite, Texas

0

5'5149, .(214) 288-7429 .

Barbara Soder, Dallas Health and Science
Museum, P.O. Box 26407, Dallas, Texas
75226, (214) 428-8351.

Jane Wallace, Witchita Falls Museum and
Art Center Planetariurn, 2" Eurelsa .Circle,
Witchita Falls, Texas 76308, (817) 692-0923

, !

Utah

'Irvin G. Bassett, 191 Eyring Scienc,e

Center, Brigham Young University, Proyo,
Utah 84602, (801) 374-1211 /
William H. LoWry, 220 South 500 APt.
#4, Logan, Utah 84321

Virginia

. /

Darrel G. Ardoin, W.T. Woodson High
School Planetarium, 9525 Main Street, Fair-
fax,- Virginia 22030, (703) a23-1911

Elvira A. Euler, West 'Springfield Plane-
tarium, 6100 Roiling Road, Springfield, Vir-
ginia 22151, (703) 451-6403
Lee Ann Hennig, Fort Hunt High School
Plinetaritim, 8428 Fort Hunt Road, Alexan-
dria, Virginia 22308,' (703) 360-5800

Richard L. Joyce, Penninsuia Astronomy
.Society; 524 J. Clyde Morris . Boulevard,
'Newport News., Virginia 23601, (804) 595-

, 1900

John W.. Kdtzar, Edison High School
Planetarium, .5801 Franconia Road, Alma

)dria, Virginia 22310, (703) 971-6850 o

Gina Lynch, Defense Mapping S, ;or:,
Department of Survey, Fo elvo/t

ginia 22060., (703) 664-4391 : /
'Herbert D. Teuscher, Plaza Jr. igh School

Planetarium, S. Lynnhaven bad, Virginia,
Beach, Virginia 23452, (804) 864971

John W. 'Trissel, Jr., R . 2, Box 281-A,
Waynesboro, Virginia 980, (703) 943-
1057. (Augusta -County chools Islanefariurn)'

Chris Vagnos, Hay Id' Planetarium, 7630
Telegraph Road,nAl andria, Virginia 22310,

1(703) 971-8920 .,

1.

,

Paul D.. Wilson/Defense Mapping School,
Department of,ASurvey, Fort Belvoir, Vir-
ginia 22060, (703) 664-4391

11 1
,



washing*

N.A. Higginbotham,/ Department
sics, Eastern) Washington Univer
ney, Washin4ton 99004, (509) 3

7. Dennis Sch'atz Scien
2nd AvenueySeattle, W
(206) 382-2/873

/
Robert Wehrli Model Secondary School for
the Deaf, K dall. Green, 'Washington, D.C.
2002,0 (20 447-0630 .'

Wash gton, D.C. ,

West Virginia
.

chard Wonkka, Alderson-Broaddus Col-
ege qanetarium; Philippi, West Virginia
26416, (304) 457-1700

Wisconsin .

Peter bhard, University of Wisconson, fkix
Center, 1478 Midway, .Menasha, Wisconsin
54952, (414) 7344731

Paul A. 'Taylor, Buckstaff Planetarium,
. Uniyersity of Wisconsin, Oshkosh, Wiscon-
sin 54901, (414) 424-4429-
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AN ANNOiAlti) AIBLIOGkAPHY
FOR pLANETRIUM 'EDUCATORS

.! -An exhaustive bibliograp
would kantain thousands-of .e
that ar b ikely to be of inter
Ma,e'find 4!. .usef 01 to turn to s

Angst

The major categbries c ined in this Selected bibliography are as follows:

. *. .. > .

of books and artidles of interest gtO Planetarium educators
s. We have selected severaf sources in each .major category

o Most readers. ThoSe who`wisOto gb beyond .these sources
ion 9, Bibliographies and keviews: for more comprehenSiLe liStL.

- . .

.
(.4

1. Periodicall'Coviering Astrbnomy'

tiOoks' for 'Obsetters

3.- Books for EleLnentari Students and" Teachers

.4.1iligh School arid College Texts ,

5. Collections of Astronomy Netivirtiesis;

I .16 .

6: Articles and Research Relevant tok.
Participatory. Planeorium 'Programming .'

7.. Research in the Classroom .Setting

8. Piaget's Th y of IRte c ent,
-

9. sib graphies aey&-vieWs

K.

4

1.... Periodicals Covering Astronoiny

p. v

NAstronomy is a beautiful, colorful magazine for the layperson. It's not for those seeking
.'etechnical information or treatments of-the more difficult concepts. Astro..Media Cbrp 41'1 E.

Mason Street, 6th Floor, Milwaukee, Wisconsin 53202,

Mercury is. an excellent, thoughtful Journal on popular astronomy that tackleactopiCs like *ayel
r noar tit& speed of light and strondmical Images in Poetry, Critical, bibliographies- on

newsworthy and coutroversial issues like pseudoscience apPear regularly: This Magazine is free
'-with a 'membership in a worldwide astronomical group which also proitides many other fine

benefits. Asfronomleal. Society of the Pacific, 1290`24th Avenue, San'Francisco, California
.94122..

Odyssey is the only .periodical on astromimy we are aware of that
dren. It contains activities as well 'as pictures and short- articles.
Mason-Slreet, 6th Floor, Milwaukee, Wisconson 53202. .

is written exprefssly for Oil
. Astro Medta Corp., 411 E.



hanetarian is published expresgly for and' by 'planetariuM personnel. Included are artia es, on
I programming, finance, technicar develollpents, .educational effectiveness studies, .0 smic

humor, and in short, just about.anythingoti and your planetarium colleagues would like to
read about. The journal is free for members of the International Planetarium Society. Write to
'Walt Tenschert, 1.P.S., Membership Chairman, Thdmas Jefferson. High School, '6560 Braddock

, Road; Alexandria, VA 22312. -
,

,. Sr

Planetaran-DirectOs` Handbook contains a variety of piograms, activities, and technical tips for
use in the planetarium. Addresi inqUiries to Planetarium Director's Handbook, Spitz Space.
Systems, Inc', Chadds 'Ford, PA .1931.7.

Scienceilews is easy.to read, up-to-date; and informative. If you want to be the.firSt *on' your:
- block to knoim what vas discovered in the skilast week, this'is the wazine for you. Subscrip-

tions Department, 2Y1 West tenter Street, Marion, QhiO 433027 ,

SkY and Telescope i for more technically inclined amateur astronomers and soence edticators.
Very-,goodeforpeople who wantritt bUild their own telescopes, or gb beyond casual star gazing.
Fine photb-esks' on observatyiesp'profesSional and amateur. Sky Publishing Corporation,
49-50;51 Bay State koq., Cambridge, Massachusetts 02138.

-3S-4

Books for Observeri

*NOrion, Arthur, Norton's Star Atlas and Referetice Handbook, 1973, Sky Publishing Corp., 49-
50-51 Bay State Road, Cambridge, Massachusetts 021-38. This is the standard reference for
amateur. avronomers, and incluges star charts, lists of interesting objects to look at and a cap-4

sule report .on the state of estrontmical knoiledge. '

:Paul, Henry E., Telescopes' for SkPgazers, 1976, American Photographic Book Publishing t-if
Garden City, New 'York. Available from Sky PubliAhing Corp. (for address see reference to
Norton,fibove,) 'This is the best book available on selecting a telescope and accessories.

. 1
- Peltier, Leslie C., Starlight Nights, 1965, Harper and Row, New York. Peltier is one of the

greatest cornet-hunters of all tithe, and his aulobiography ist delightful reading. It's the 'best
introductibn in writing to the excitement of being an amateur-astronomer.

.1

,
Rey, H.A., Find the ConStellations, revised, 1976, and The Stax.s: A new Way to See Theni, 1975,
Houghton Mifflin Co:, boston. These books provide siMple line drawings for identifying con-

.

stellations. Many users tirid ReY'rs constructions visually clear and Thore meaningful than the
traditional-Greek and ROMan constellition outlina The first' book is for young stargazers
(grades 377) and the second book is tor more'mature stargazers (grade 8 and above). See' the

.study by Smith in section 6. of this bibliography for an evaluation of the edUcational
effectiveness or,Rey's outlines as used in the planetarita.

1
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3. Books for Elernefitary Students and Teachers
i..

Atkin, J. Myrom; and Stanley P. Wyatt, Jr., Co-Directors, The UniverSity ofIllinois Astronomy

Prógram, .1969; .Harper & Row, New. Ybrk. This series of six booklets presents a comprehen-
sive', activity-based course in astronomy. The concepts selected' and level of presentation are
best suited for high-ability students In upper elementary and junior high schools.

. Bergamini,- D., The' Universe, 1969, Life Nature Library, Tjme Inc., New York. This is a good

book not only for,elementary school children, but also for olderpersons with little kno.wl ge

. of astronomy. Slightly dated; ,, .
_

Elementary Science Study (ESS) Teachers' Guides,. &Arne Astronomy,1971, and. Where Is the

Moon?, 1968, McGraw Hib Book Company, Webstpr Divison, New York. Here are a number
gof participatory astronomy acOvities whichir be done during the day, and as homework.

Jobb, Jamie, The Night Sky. Book, illustrated by Linda Bennett, 1977, a Brown Paper School

Book, Little, Brown, & Company, Boston. Ayractive illustrations, photos, and suggestions for
things to make and do will draw many readers into astronomy; Teachers and parems shoUld be

aware, however, that although the book is intended for 5tti grade and above, the reading level

is too difficult for moit children at this age.; consequently, The Night Sky Book would probably '

be most effective for junior high students.
ee

MacBeits, A. Stecher, \DF. Wentworth`, and LK:I Conchman, Examining Your Environ-

ment: Astronomy, 1973, Winston Press, Minneapolis. This classroom set has many nice attron-
omy"activities, bUt doesn't cover any subject in depth,

,/"..4.%
MOCI16 , Dinah, What's ,Up There?, 197, Scholaktic Book Services, 904 Sylvan Avenue,Engle-

, wood Cliffs, New Jersey. This is an excellent and -inexpensive "first"..book, on astronomy for

young children. ,

o

4. High School and, College Texts

In'this section we have listed only a few 9f the more than 50 astronomy textbooks that
'are.now on the market. For an oiterview. of these textbooks, see the vivo articles by Andrew

Fraknoi, 'Cited below.

Abell, George G., Ex;loi.ation of the.Universe, 3,rd Edition, 1975, Holt, Rinehart, and Winston,
New York: Abell is a classic .text on astrenomy, dovering all 'aspects. The math level is first

year algebra. ,

Raknoi, Andrew, J'An Analysis of Introductory TextboOkS in Astronomy," Physics Teacher,

May, 1978, p.'309.
.

Frakhol, Andrew, "TeXtbooks," 'Mercury, January/February, 1979, p. 20.. This article updates
Fraknol's 1978 analysis of astronomy textbooks.

1
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Holton, Gerald; F.J. Rutherfdid, and r.G.Wats , directors,- ProjectPhysics, 1970, 1-1olt,

Rinehart, and Winston, .New York. The Unit II ext and 'Reader Prone an excellent high
schoOl level treatment of the concepts and:historical development of astronomy. Laboratory
exercises which 'accompany the prograin have students plot,orbits, measure the height of.moun-

, tains on the moon, measure thediameter of the earth, and perform other activities.
.1

Jastrow, Robert, and MalcolmX. Thompson, Astronomy: Fundamentals and Proniiers, .3rd Edi-
tion,1977, John Wiley, New York. 'This college level text is one of the best books for a funda-

. . mental 'understanding of astronomy-7all without math. It does riot cover in depth the motions
that:can be observed in the sky.

Reed, George, Naked i Astronomy, and The Astrodomy. of 49he Constellation, 1976, Kendall Hunt
Publishing Co:, Dubuque, Iowa. Designed as a tivo semester course for secondary r college.
students, the firstvolume inclUdes information and activities related to what.the students can
observe with the daked eye. The second volume covers modern astronomy, relying on exaM-
Ples froin the constellation Orion.

4

4*

°

.5. Collectlow of Astronomy Aclivities

,
American Astronomical Society, AAS)?esource Paeket for Teachers; AAS.Education Office, c/os

'Harry Shipman, Sharp Laboratory, University of Delawark, Newark, Delaware 19711. This
packet is a sampling, of classroom activitie§ and other resourch for middle school teachers.

A

Knappenberger, .Paul H. Jr., editor, AStronomy Activities for Secondary Schools, 1976, Science
Museum of Virginia, 2500.W. Broad Street, Richmond, Virginia 23220. This set of activities
has been distilled from a large nuinber of.activities developed bY teachers to, present astronomy
in grades 7,12. The activities have been tested for accuracy 43f/information presented and Or
workability ithe classroom,.

Lawrence Hall of Science, Astronomy Education Program, Sky Challenger;-GameS for Star
WOrs, 1979, available from piscovvy 'Corner, Lawrence Hall of Science, University of:Cali-
fornia, Berkeley, CA 94720. ThivSeries of interchangeable "sky wheels" provides several
naked-eye and binocular observiltrietivities for age 10 to adUlt.

Middle Atlantic Planetarium Society and the University of Maryland, Under Roof Dome,sand
Sky, 1973, available from Lee Ann Hennig, 39111 Sonora Place, Alexandria; Virginia 22309
($8.00). Forty-five activities are described which can be performed in the planetarium. These
were designed for use with the new curriculum,projects.

/



6. .Articles and Research Relevant to
%

, Participatory Planetarium ProgramriOg

..

Bishop, Jeanne,- "The Development and Testing of a participatory PlanetariumUnit,amphasiz-
, . .

ing Projective Istronomy Concerta and Utilizing theAarplus". Learning Cycle, StudFir Matiipu-
lation, and Student Drawing," 1980, inpliblished dcktoral. dissertation, University tif Akron,
Akron, Ohict. A unit on astronoMy. was 'developed to enable itudents to learn the relationship
between two persiiectives .(on eafth,and from spacel, of coinmdn'astronthnical Phenomena., The

- unit,was pres ntedAoone group using a traditional method of instruction and'to another group
Using the Ka plus Learning Cycle, a sPecific "Participatory" approach. Both groups perfortned
better, on an immediate .post-test than .did a np:Ireatme cont l group, but there )vas no
significant diderence between groups expq0110o the two mat ctional methods. A 'delayed
post7teit, 'however, revealed that the student,s exposed to he participatory approach: retained ,
significantly. more .of What they had learned than' did st dents- exposed to the traditional

approach. ' '
.

I
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\ 41 -

; Curtin, 'John T., "An 'Aicalysis of Planetarium Program Content .and the Classification of
,Demonstrators Questions,' 1967, unpublished dodtoral dissertation, Wayne State University.
Curtin analysed 38 recording tapes and 35 questionnaires of planetariuhi programs presented to:i
school chil ren. "ACcording to Bloom's criteria, all; but 9" of 413 questions were in the
knowledge el ." Seven questions were in translation. One wag in analysis of relationships,
and one was in extrapolation.

Fletcher, Jack,, "An Experimental Cqmparison of the Effectiveness of ;Tradiiional Type Plane- ,

tarium Program ancra Participatory Type Planetarium Program," 1977, unpublished doctoral
\dissertation, UniN'irsity of Virginia at Charlottsville. Fifteen planetarium instructors presented
participatory and traditional Versions of a program on Stonehenge and how it relates to the
annual rising and settMg.points of the sun. Since discussion was perMitted durjng the "tradi-
.tional" programa, the only.difference between the two presentations wag the physical activities.
When dat'a frotn all of the instructora were combined, both methodi were found to be educar
.tionally effeoive, but no significant difference was found betweeti them. HOwever, the student%
of six Of the instructOrs learned significantly more from the participatory program than from the
traditional program and, a significant difference in the opposite direCtion was fOund for two
instructors. This finding led Fletcher to conclude that the instructor was a mOre impOrtant fac-

tor in student achievement than the metho'd bf instruction.

Friedman, Alai\21., "Alternative Approaches to Planetarium PrOgrarns",N973, Mercury; v.2,
Jan/Dec, pp. 1 ,18. Presents two alternative. approaches to planetarium programming: 0'
actively involving the visiters in activities during the program; and 2) presenting astronomy-

: concepts within their cultur 1 context.

. 111
Friedman, Alan Ji,' "Intera tive Public Planetarium Programs", Proceedings of the 1974 dnfer-

ence qf 1SPE, International ociety of Planetarium Educators, Special Report #6, Atlanta, GA,
pp. 52-55. Describes interactive gograms at the Holt Planetarium. A variable star observing
activity ir offered as an exaMple or hOw visitors can interact with materials and the instructor .

. .

dating the program.
too



Fjledrnat Alan J.,:"Paticipat2ry Planetarium Shows", PlanetariumiDireetor's Handbook,. 1475,
o no: pitz Space Syst4is,Chadds Ford, PA. Presents six"activities that can be used during

planeThrium programs ter enable the °visitors to learn about the concepts hnd process of itstron-

.Friedman,- Alan J.; Dennis L. Schatz;. and Cary I. Sneider, "Audience'Parti ation and the
Future of the Small Planetarium', 1976,. planetarian, December, pp..3-8, Th's article Offers a
more precise definition of "particiPatory" Programs, and extenas the rationale for this approach
to include economic considerations/ and research in.the fields of education and Psychology.

.

Mallon, Gerald, "A'Pilot Study: tape vs: Live Teaching,"
197/

4, Science ACtivities; vol. 11, ho. 5,
pp, 10-11. Mallon performed a carefully controlled experiment to see if the physical preset*
of a planetarium instructor Makes .a difference in iearning 6y the visitors.. The same program
was presented 'by automated tape and by an instructor. The group Who had th,e live presenta-
tion performed significantly better than the group who had the taPed presentation.

a

Mall n, Gerald, "Student AChievemem and Attitudes in ,Astron my: An Experimental Study of
the jEffectiveness of, a; Traditional Star Show Planetarium .Progrä. and a ParticipatorOriented

etarium Program,".1980, unpublisheddoctoral dissertation, Tem e Uniyersity, Philadelphia,
Pen sylyania. ,The study found 'that the participatory program was more effective than the tract-.
itional star show in, promoting concept learning and attitude change. The major study, khich
involved 324 students in Pennsylvania, ;was complemented by four sMaller studies at widely
separated regions in the. US:.

SchafeeSheldon, "An Experiment .in Participatory Planetarium 'Programming," 1977, Plane-

, tarian, vol.6, no, 2, pp, 10-21. Planetarium audiences were polled at the conclusion`of various
programi, The pritnary results, showed that.48 percent preferred the participatory shoW, 11 per.-

, cent. preferred the theatrical multimedia show, and 31 .percent had no preference and enjoyed
both shows, ;., S.

4

Shafer, Sheldon, "A Brief Negative. Encounter .With PartiCipatory ;Shows," 1977, Planetarian,
vol.:6, no. 5: The' author repoits the results of a post-Yisit survey of school groups that experi-
enced participatory:Planetarium programs. Althouglr stu4ents claimed to prefer participatory .

vshows; teachers expressed th e. following reseryalions: 1) there was too ntaf:questionins andi
answering, 2,) the...00w. was nat as Yikually interesting as conventionalMows, 3) 'only the
brightest Students tónded to participate, find 4) the teachers believed that the students enjoyed
ttie.eonYentional show more. . .

.. , , .

Schatz, Dennis, dreg Swanson,Ind Dave Taylor, "Cerebral Participatory Programs: Their Role
... in the PlanetariUm", 1978, PacificeScience Center, Seattle, Washington (paper presented at IPS ,.

Com'tention in Washington, p.C.) DescribeS.6 study which compared two "types of,interactive
:prailikS: a 'program which involves the visitors in physical manipulation' of star maps, and a ,

program in which a slide was substituted fOr the actual maps and verbal'discuSsion was substi-
tuted for the actual performance of the star map activity. Nth groups performed equity well
on paper-and-pencil tests of the visitOirs' abilitisp to use star maps. Cerebral.participation seems
especially suited to large planetariums in whicit some typ4of physiCal activities are difficult to
arrange,, ...,

*/
I
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Sinith,Theodok V., "The Effectiveness of,Constellation Figures," 1974, llanetarian, vol. 3, no.
3&4, Pp. 74-83. This research repor.t on methods for teaching constellation recognition
describes preyious studies and critically reviews their wealinesses. 'The central focus oe the 'arti-
de is a well-controlled study which showed that constellation figure outlines used during the
'program do riot help yisitors riecognize the constepations 'on a test. .

. I

I.

7., Research in. th6 Classroom Setting

Dunkin, M.'and J. Biddle, The Study of Teaching, 1974, 1-joit, Rinehart, and Winston, New.
York: This is the most, °extensive review eve" published on classroom resprch, containing over.
1,000 research studies summarized in a.coherent and readable format.

, . . r

Lowery, Lawrence D., Learhing Abotbit Learning Questioning Strategies, 1.973, University of Cali-
fornia, Ber.keley, CA (for address; see 'referencd, to Lowery in Section. 8 of this bibliography).

- "'This booklet contains personal workshops that instructors in all disciplines can use to improve .
their olkn questioning strategies. Also included is a bibliography.on the use of questions in the
classroom .

7 .

MOriber, George, "Wait-Time in College ScienCe Classes," Science Education, 1974, vol. 55, no.
.3, pp. 321-328. Describes research on wait-time following teachers questions at the !college .

level. 01,

Rowe,, Mary Bucid; 'Science, Silence, ahd-Sanctions,". 1969, Science and'ehildren," March, pp.

z11-13.'
Vsry readable description of research and wait-time folloWing teachers' questions and

the use of rewards and punishments with elenientary school science students.

8. Plaget's Theory of Intellectual beyelopment ,

'14

Vshop, Jeartne, "Planetarium MethodS tamed on, the-Research of Jean, Piaget," 1976, S'cience

and Children,May,. pp, 5-8, In this article, Biship relaiè Piaget's stages of,intéliectual.deyekf.,
ment to cqncepts that .are liNitently taught in the pldnetarium., ,Relevnt for teaching pre-
school thiough adult. ,4 -A v. .

Charles, C.M Teacher's Petit 'Plaget, 1974, Vearon Press, FielMopt, California. PosSibly00
best brief and inexpensive ($2.00) introduction to Piaget's work and its iniplications for educa-

tion. A,

'Cowan, P.A., Plage( With Feeling, 197 8,Holt, Rinehart, and Winston,`NeW York. A upend
summa'ry of_ Piaget's work and theory for those working directly with childpn in offers an
excellent sestion on the motivational and affective consequents and cormlotes of Rage's cogni-

.
tkve stages.. ".
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Elkind, David, "Piaget and Science Education,' 1972; Science and Children, Novernber, pp. 9-12.
This is one of the best articles concerning the implications of Piagers theory for science.educa-

, . .

tion. .

I

Lowery;. Lawrence 'F., the Learning About Learning series includes the41owing booklets on`\
Piagetian theory, ,and research: Classification Abilities, .1973, Conservation Abilities, 1974, and

PropositiOnal. 174, UniVersity of .California. Available for $3.00 per booklet plus tax
and handling, from the author, 4531 Tolman Hall, University of California, Berkeley, CA
94720. Each booklet is a self-contained personal workshop in how to ihterView stUdents to
assess their level of intellectual development. Summaries of the 'relevant research studies are,

_also includekt to help the reader relap the rtsults of these interviews to the4ork oftthers.'
. 4 .

aget , Jean, The Child's- C nception of the Todd, 1929, Harcourt; Brace; JovanOvich, New
York: , . . .

Piaget, Jean, The Child's Conception of Physical Causaliv, 1970, Kegan Paul, London.

Piaget, Jean; and Barbel Inhelder, The Child's Conception of Space, 1956, Routl dge and Kegan
Paul, London.

Pidget, Jean, and Barbel Inhelder, The Growth of Logical Thinking from Childhood to Adolescence,

-1958, Basic Books, Inc., New Y,ork.. I

Piaget, Jean and Barbel Inhelder, The' Child's Conception of Geometry, 1960, BaSic Books, Inc.;

. New.York.'
/.

Piaget,.Jean and Barbel Inhelder, The,Early Growth of Logic in the Child, 1964, Harper and Row, ;

New, York. .

.

-
Schatz, bennis, and Anton E. Lawson, "Effective Astronomy Teachint. Intellectual Develop-,
ment and Ith llnplications,"1976, Mercury, J4ly-August, pp. 6-13. This article applies Piagetian
theory to astronomy concepts commonly taught at. the high school and college levels.

1

. 7

Schatz, Dennis, A. F:raknoi, R:'llobbins, and C.. Smith, Effective Astronomy -Teaehing and Student

Reasoning'. Abiliw A- Selflaiid Workbook,.: 1978, Lawren0e Hall of SCience. This 290/page
eaperbaek is.ftvailable 0110.0Q plus postage and handling from the Astronomical Sqciety, of :the
Pacific, 1290 24th ,INverfue, San Francisco,Callfornia 94122. First Presented at a meetiiig of tile
American Astronoinicil SocielY, this 'workbook is a, self-contained program for itfikoNfing .

. astronomy teaching at 'the .high schodl and.c011ege levels. .It irrcludes AtroductiOn to Jean-
,

Piaget's theory of intellectual developinent and its implications fOi-science teathing, :as well as

Sections foi.analYzing.reading materials, iliboratory activities, and film's.' Compreh6nsive appen .
dice§ list resources for use in a,stronotny- courses,

, -

WadsWorthi B.,.Piaget' for the Classroain'Teacher, 1978, Longman, New York. Ail .excellent
., badkground to Piaget's the.Ory And Teseareh togelher with applications for educatibn. It also ..

,.
contains excellent chapters on Piadet's theory as appliedlo science education and' evaruation.

k '
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and: N9. BibliograOhies Reviews ,

.- "A,

Berendzen, .Riiehard.and David DeVorkin, "Resource Letter EMAA-1: Educational Materials in
Astronorni and Astrophysio,". June, 1973, and "Resource Letter EMAA-2: Laboratory Experi-.
enceS for 4tmerrtafy Astronomy" IV Haym kruglak, September, 1976, American burnal of
.Phy.Sics. The 4ournai-o,an- be fbund in most libraries, or reprints can be ordered from the Ameri-

can 'Association :pr Physics Teachers, Graduate Physici Bwlaing, SLI.NY at. Striny Brook, Stony
Brook, New York 11:794...

..

43ishop, Jeanne E "United States. Astronomy Education: Past, Present, and-Future," 1977, Sci- °

sketches the ch es in.
ence. Education, 61no. 3 This comprehensive revieW of activities in aStronomy educatiOn

Public policy, curricula, professional organizations, and the role of
'astronomy. in the schools from .17th century Cokonial America to the present.

FraknOi, Andrew, Resouice Book for ihe Teaching of Astronomy, 1977, W.H. Freeman, San 'Fran-
This.guide was written to accompany Ivan King's introductory college text, The.Universek

Unfolag, but teacherS at all TEV-Fle S from junior high up Will find, it invaluable, regardless of.the
..text being used. Fraknoi summarizes the crucial ideas of each.topic in 'astronomy, and recom-

. mends Olms, articles, .slides, discussion ideas, and even quiz questions.

Reed, George; A:Bibliography fir Planetarium Educators, Parts, //, contained :in 1SPE Spe-

cial Report. #2,1972, and #4, 1974, International-Society of Planetarium EdUcators. Reprints
are available from the International Planetarium Society. Write to: Walt, TenSchert, I.PS.
'Membership Chairman, Thomas Jefferson High School, 6560 Braddock Road, Alexandria, VA

, . 22312., This is the' most cotiprehensive listing of research available, although the bibliography

is not limited to research. Edch studjr is annotated in ttail.
. , . .;

. 4 .

J

Sunal, Dennis W., Cynthia S. Sunal, and Sarah HCowan, "Resources for Teaching Astron-
omy, 1979, Science htivities, v 1. 16, no.- I, pp. 31-39. This bibliograPhy tontains a large
nurnber of:articles for teaChing a ronomy; ielevan,t for primary, grades thirough college. ,

-

Sunal, Dennis, "Analysis of R earch onithe Educational USes of a Planetariinn," 1977; jouinar
of.Research in.Science Teach' ,g, Vol.. 13, no..,4, pp. 34i7.349. Since Soul' ilejected" all studies...,

7' which did not provide data *oil viSitor learning,.he was loft with nineftudierlo revie;,v,..Perhips

. the most importrt, finding of. this *reView was Oil research...does' not; support the'. tradition4
onv;visitvlanetlirium.unit--more carfbe done in.A Clessioo : ' '..1 ,

. , ..-
. .

Walt, Charles A., '.`A Review ofResearch Related to Asir nomAthicatfon," 1073, School Sci-.

. ,ence.dnd MathernatIcs,*.13, no. 8 (November), pp. 653-6* This' article describes a humbet
of interesting studies which`are neglectea in other reviews, since Studies outside of the )1ane-

.

tarium setting are included.

Warneking, Glenn E., 'Planetarium Education in the 1970's-- A Time for Assessment," 1970,

Science Teacher, vol. 37 (October), pp, 14-15. This is the earliest review of research studies,
and raises a number of points which-should be considered in planetarium research.
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CONSTELLATIONS TONIGHT
A PROGRAM FROM.THE HOLT PLANETARIUM
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Preface.

ConstellatiOns Tonight w s designed for public audiences and for school children in grades
four and above. With sjrnpldr star maps and otilei, slight modifications, it Could be presented to

'somewhat younger audiences as well. . . A

The program begins by inviting Ole visilors,to locate a familiar -conatellation, the nig

Dipper. Then a brief -discussion bringt out the Many possible functions of constellatiods for
the people 41io invented them. An optional activity for younger school. groups helps the chit,-
dren understand the origin df constellation fitures'by creating their own. .

The major activity -teaches the visitOrs how to use a star map fOr finding specific constella-
tions in the planetarium sky.. Visitors then take turns pointing out' their constellations to the
entire audience. As each constellation is. identified, the instructor may project artists' concep- .

tipns ofthe constellation outlines, tell a short version of the relevant staiinyth, and/or show
telescope views of star clusters, nebulae, or galaxies that can beipund in the constellation.

119
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We would be very grateful. to , hear from you, about how you used this program, what
modifications you 'made, what worked well and what idn't work well. .

Objective '

A er attending this planetarium program, the visitors will_be able to:

Ex15 in that constellatiOn figuTes are created by peoplejn many societies. Although there
. are many differenUpassible Constellation figures fOr a given pattern of stars; everyone in a

given culture 'generally agrees on a:single figu for,each star pattern that- is thought to:be
important. !

. ... -.

2. Describe at least-twOlunctiOnS that constellati ns serve-for the peoille who share them;
. -

3. Use a star 'map to find constellations in the planetarium sky, and ultimately in the real
night sky; and ' . ,

, . 1 -
.

el, Realize that they can use the star,map they take home,'and fy(that It Is fun and satisfy-
.

ing to find constellations ih the sky. .

,
. . /: .

.... ,

. Acknowiediements

The particular .v'ersions of the Dipper mentiOned 'on pages 124145 come from ,the.follow-
..ing sources- (referenced fully tin page 126):

'Greek.rhyth'and "Bvr and the Oak Tree myth,from Staal'S Patterns in the Sky..'
.

."Five,*olf Brothers" mytti from Clark's Indian,Leyends of the Poe(ficisiorthwe'st. -

Materials

-

'follOwint special maierials .ard req0red to present this proeanfin your planetariuni:

'encupage star map for the .ctirrent seasonfor each participant to-use and to take home...
CopieS: of th'e m4ps we uSe are attached to thiS program. Yoti may wish to develop your own,
or yot.i can _obtain free permission:to reproduce ours by writing to us. Gerald Mallon, of- the
Metbacton '.§chool District Planetarium in Norri§town; Pennsylvania, suggests using an over-
head transpArencY, of- the map tqi eXplain :how to, use it. Sheldon &hider of th Lakeview
NIttlieuin PlanetariuM of Peoria, %lois, prefer§ the "Formee Crosi" style map, deve1ped by
R.K. Marshall. - .

2) A battery-operated 'fighi pointer. These a.re available from' photograiMic stores. They may
be used as is. We modify ours in the following-ways to increase battery life: a) rePlace the slide
switch with a momentary contact push button; b) add a silicon pOwer diode in series with the
batteries to atop the voltage; and o) use rechargeable ni-cad batteries. .

pptional:
3) Reading lighti foi the partkipanW.' We have 7-watf night-light orange bulbs, under thg

. cove, with shades so they. shine down on tbe audience. This is Very convenient, because visil
tors can examine their star charts and look back up at the sky. freely: The progtam can also be
done by turning up the daylight for people to study their charts, and then turning it down for

. I , .

sky examihation.
I

4) Constellation- outline prOectors. We use the inexpensive ."brute force" units from-Charles
Walker,13 Beatrice, Avenue, Bloomfield, ConnectiCut 06002. 'Another optional component of
this program is a set of outlines 'of other versions of Ursa Niajorii diaper, a plow, and a group

r
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. .

of figures from s Nativt. American legend.. 35 mm Ko'dalith slides, intended for "orange-juke
can brute force projectok are available from us at cost. See page 97,

5) Slides of interesting objects "(nebulae, galaxies, planfts).in,the current sky: We select tinie
or four slides, usually from the Hale Observatories' series or from the Hansen Planetarium set
by Charles Capen (15 South State Street, Salt Lake City, Utah 84111). The latter more, closely/
approximate the view in small telescopes.

Script.

4 We don't expect, the script Which folloWs to b memorized (as an actor might Memorize a
part) jlit tO be used as a guide in learning, rehearsing,. and,improsting Presentations. We
recommend that you read die script Once or twice, thdn work with it in the planetarium, mac-

-ticing the projector controls, slides, special effects;-and music. Xou should be able to iinagine
you(self presenting information, asking questions, and responding to participanis, For. your first
few presentations, you can -have the script on hand, using major, headings as reminders of what

:to do next:. , . 't c,

. The script is organized In blocks or sctions. The purpose of No separations is only tp ..
..

help you learn and remètnlier what comes next.: \Once you have begup a section., the 'slides or .

. special effects .and your own train orthought will keep ?ou on traels. When beginning .a new .
section, make the transitiOn logically and smobthlyr. .:

''

DirectiOns for the instructor are !kilned in italics, the ,instructor's narrative:is printed in
regUlar type, and' direction's and questions to which the-Audiexe is exp'ected to respond. are .

printed in CAPITAL. LETTERS. There is no point in meinorizing- narration 'Word-for-word .

since what you need tO say will.depend won the participants. The language you use and the
number and kinds of questions you ask Ai depend on how old the participants are, how willing

'they are to respond, and how easily they.seem to underStand what is going dn.
We, belieVo the most impOrtant elements of the .Program are the .qUestions and the activi-

. ties since these involve the audience in active learning,. If you must shorien your presentation,
we recommend that you boreow time froat the narration, .

/.

The following checklist is suggested as a guide in preparing for each presentation:.

1. Latitude: Homd.

2. Precession: Current...

3. , Time: About 9:00 p:m.
°

4. Set sun for today's date.

5. Turn off.sun, moon, planets, iiESW

.6. Check constellation outline alignments.

7. Set slide projector On first slide.

8. turn on daylight, stars and musk.,

9.. Be sure to ve a current star map on handfor each member of the audience.,

10. Check ope ion of battery-operated light pointer..



INTRODUCTION

Gradually turn ddwn daylight and Music, (Stars wilt appear.) -7,-.,

Welcome. My riame is ----.7-1--- acKI I would like welcome 'you to the - .

Planetarium. :Today, you can learn hoW 0 use a star map t find the consiellations and some .of
the 14tightest stars. ' - 'I . . .

. .. . .,:..

The stars Which you see 4ow are ;just a§ they will priear tonight from our area around :
. nine br ten pan., if the sky iS clear, let's see tf you Can find one constellation without any helP .:

from te. LOOK AROUND THE p,LANETARIUM_ SO .,AND- SEE IF YOLY CAN FIND A
GROUP OF STARS THAT LOCO 'LIKE A BIG:DIPPER.. HOLD UP YOUR HAND'WHEN

' 'YOU FIND If. . ,

:Wait until most of the participants indicate that they, have fbund" it, then give one-perfo7rik,1
pointer to shpw everyone else the loCation. Ask him or her to sloWly point out the "handle" of the Big ,!

DiPper and the part:that holds .the soup." If yOur, Nylon found."anotheil dipper,shape; bp positive. ,.

Note that there are-many iiimer-llki shams, _all, good, but we want the 'host familiar ..oner Then. ask

for another dipper shapelo be Plug/. 1 ---:. 2, : -.'!'' ' ,,-
.i.

`Every civilization, ajt over, ths, earth,' has naMes and stoi* about the ..stars.. USia/IY., :

these stories are about a gioup or7,"conitellation" of strs that' seem lO.Arpi. a patterit `ot. Shape!.

1. in lhejkf. 'People wrio iivediat different times, -ih different placeofien'ehOse the'Same.gro4s
. .

- '' of 'stars .as :constellationsibkiniagineilthet* to lobk like:The
,
particular aniMils or gOds that

were' important in- their own buitUfe..Vhat.we.call the Big Dipper, for ingince, was called Ursa
. ..
Major, oi. the Big Bear, by the anCient ;Romans: (Point out,parts of bear.) 'WRY po YOU
THINK .THAT PEOPLE LIKLIPTHE ROMANS; WHO., :LIVED 'THOUSANDS OF YEARS '
AGO, MADE r.2 NAMES AND STORIES ABOUT THE STARST

A

..

f
ccept aii swers equally, then,list the particiPafits' ideA, beforeloing on.

One of the reakons ,for identifyi6g ConStellaiions'is still important today-,-finding direc-
tions: Sailors, flyers, and even astronautt tell, directions by thi stars..., If You are lost-in . the

' woods, but you know 'that' there fs a city to the South, you can iuse the :Big Dipper Ikfind. ,

-. .itr

tPcilarip, the North Star. Since Polaris is 'always n the direction Of North; we can use it a
compass in the dark. DOES /NYQNE KNOW A .GOQD WAY TO FIND POLARIS? fUsually

t someone does.. In any event, use your pointer to sihow the poinittr stars;, .Polark, and the torthern
horizon and the other direction.) In fact, :Polaris irtdicates North with,more acctiracy than a sim,.

. ple magnetic compass. "(Turn on NESW lights.) , , . ), . . .

, .

Astronomers todaruse constellatio0 as. cdnvenient direction inarkecsP 0 help natne and :*,

. -7 locate interesting objects, like "the galaxYlft An 1 ronleda.- Weltiall use bodstellations thi.,s,zay
.

\.'*-N, in today's program.

. NIAlcING UP CO4STELLATIONS
THIS SECTION IS OPTIONAL. IT IS ItSPECIALLYr USEFUL FOR ELEMENTARy

SCHOOL 0111.1DR4W. . 4,

e TAKE A LQOK 'AROUND THE^SKY AND SEE IF YOU,CAN. FIND A GROUPOF
,STARS THAT LOOKS Lift SOME KIND OF ANIMAL, PERSON, OR THING. RAISE
YOUR HAND IF YOU.HAVE AN IDEA.THAr YOU WANT TO TELL US ABOUT.

(Allow three or foto Students to point out their constellations and,describe them to the group-4ry
to.help everyone see what thelnyentor of the conStellation sees.)'

If "You , had lived thousands of years'agoi you might have spent time .making up constella-'
tions_like this, jupt as you spend time watching TV' today.

41, i
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SKYMAP.ACTIVITY". .. ..
.! i t . turn .uP Oranke seat lights (or daylifha

. .

,

. Pais out One map to each particilant. in some planetariums it may be more .convenient to.

ha4 done this gs Reople-enter4 Inn.oduce the activio as follow's:. l . '.. V ...
These are maps...of the sky Which we .Will 'use to identify sdyne of the major constellations

that din easily:be 'seen this, mond After you have sortie experience using:these. maps right
.:.... . ..

. here in the planetarium, your map will be yours to' take hothe so that ybu can identify 'constella-.

. tions,:frOm your 'own. backyard:. 11. . . , . -.

,
- (illier maps have.been passqd-tbut, continue.)

a These mapssrepresen.t the sky for :and .. Monihs arotind nine and ten p.m.

.. The whole.sky is compresSed on these charts to fit within a circle. If you hold the nap over '
your head, and lurn the words "Northern HorizOn".to the direction ot North, the map,will show

you how the stars in the sky look: The dots on the map' represent stars-4he bigger the idot, the . .

'blighter the star will be. Only the brightest 50 or so stars are marked' on the map...., . .

. . . . . .

WHAT DO YOU.THINK THE .BIG CIRCLE ON THE MAP REPRESENTS? The..big

. - . citcle On the maps is' intended to represent the i"horizon"--where the sky seems 0 meet. the

. .earth, aild what you:see when, you lot* straight out horizontally. (Point of.4t .indicating the. plane- .

tarium horizon.): If a. star on .
the 'Map' is neat: die Wards "Northern Horizon," it will be in the ..'

.. northern, part of the real gky. (Point out.) .If the 'star on the map° is neat...the ,words' "Eastern.

Horizon," it will 1,e in the eastern part of the sky. (point out.) , . At , ,.

The clbSer to the Center of the map a Star 'Is, the higber in the .sky it will be:%. WIVRE

WOULD THE VERY CENTEI OF THE MAP BE IN OUR SKY? A star al the very benter of .

the map would be erectly oveThead in the sky (the. Point directly, overhead is called the. "zen-

,-, ith"). : .

- .- As- an exatiwke, let's see how to use ihe map to. lmnd 'the Little Dipper, called by ita
Roman nanie, Ursa Minor.. WHEN YOU.FIND URSA MINOR ONTHE MAP, RAISE YOUR
HAND: IF YOU HAVE-TROUBLE, ASK. YOUR NEIGHB R FOR HELP...

., . : .. Whey .the visitors indicate theyhave found it. , go On. I .'. . .

WHAT DIRECTION SHOULD YOU.FACE TO PIN'D IT? ,... .

,

"Nort ". (or a little east Or west of North,. depending on ihe time of year.)

Is y A MINOR NEAR TIM HORIZON OR HIGH UP. IN THE SKY? ,,
(1'tke sure .that everYone agrees before goikg on.)

.? 121 .

qt.

'4

Now watch me 'as I use 'the map to li.nci..Ursa Minor in4the.sky. On -the' maps Ursa Minor

is' closest to the "Northern Horizon," so know I.should faCe North and hOld the map over:m1
with the words "North-m.4n Horizon"- forward:. WhenbI look..at the sky, about thiS high, I shout,'

see "the same pattern ot stari. that appears on theap, and there it is! _ (Point out.) It I were
lpoking for a constellation in the Softh, I would have tucned myself to fact South, so that. the
words "Southern Horizon" were in fOnt of Me, andlooked. that, yay. .(Demonstrated

j.7 ReMember, when Using your map:

1) First locate the.dmstellation on the map.. -
-.2). DeteVe what direction you must face.
3) Decide if the cOnstellation is high in the sky or near the horizon:.

4) Hbld the map oiier you_ahd :compare the 'map' with the'sjars yOu see in.the sky.

It will 'be easier-to locatethe brightest stalin your constellation -first.

Assign groups to locale constellations. Be ceitatn,egeh grOup can' see its 'constellation from.thelr

position in the planetarlfim.. Encourage' the group tnembers to help eaCh other, to stetndup..and

around if thiy need to, and to use tha hand ijointers.to help discuss which stars are .whicle

t
f

ir
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Leave reading lights on continuously. Fully dark skies are to6,1141l of stars, and all the constel-'
kittens on these maps can be found in a "light-polluled" planetarium sky. e

2, Offer to help individual-groups one at a time, btit don't rush them. Don't point out stars for
.anyale, but talk throughthe procedure for using' the staetnap itep-bY-step for their constellations link
they die looking in the correct direction: ti sothe gronps finish quickly, ask them to find neighboring
constellatibns in the sky. CheCk to see that all groups have found their constellations before going on.'

AL

IS everybody ready? Let me pass ardtind a flashlight-pointer so that one member of each
group can,show us which stars in the sky you think make up your constellation. Let's- begin
with the constellation (appropriate constellation for the season).

Have one person in' 4.acli group name the constellation his or her group has been assigned, and
then asic exerYone to find that one on their maps; and to approximate what part of the sky it should
be in.' Thele have the samel person point out where. they. decided .the constellation was, .star. 'by
Star. If they mis-identifif it, be.positive and encouliaging, pointing out how close, the resemblance is,
.and ask theM (or others) .to try again.. . .

OPTIONAL
As each constellation is identified, you may wish to;

1) Project an outline of the mythological figure; and present a brief summary of the mythology.

2) Show. a, slide of an intereging object (nebula, cluster, double star, galaxy, etc.) that appears
in the constellation. If possible, show a slide of the binocular appearance, as well as one of the
appearance in a large telescope.

3) Point out the l'ocation of the intwesting object in the constellation, and invite the visitors to
-mark that position on their maps, and lodk for the object themselves, using binoculars, the next
fimethey areout under darkiskies. Mention that these objects are not physically 'In" the con-
stellations, but may be very far beyond the stars we can see (like the:Andromeda galaxy). 'The
stars of di constellations merelY provide convenient directift markers, or frames.

Constellation outlines are a us ful way to introdace a brief narrative on the mythological
i origin of each cohstellation.

12
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MOTION OF THE STARS
In ipring and Summer,. ,when the Dippes already overhead, advance diurnal motion only until

the Dipper is aligned 'with the constellation outlines you have prepared,' then go directly to "Versions of

.
the Big DiPper." Next return to this section, followed by the "Conclusion," In Winter and Fall, follow

the normal order: "Motipn of the Stars," followed by "Versions of the Big Dipper," followed by the
.

"Conclusion." If you present the. Dipper first,. make appropriate minor changes in the folloWing para..

graphs.
.,

So we have found 'each of the major constellations in tonight's sky. IF WE KEPT
WATCHING TONIGHT, WOULD THE STARS REMAIN LIKE THIS? WHAT WOULD .
HAPPEN? WHY? (Accept ideas from the audience, amplibing and correcting as necessary, in a

positive fashion.) So we can judge that the earth is turning on its axis. Let's go through the
entire night, Speeded up so that we will comq to tomorrow morning in jult three minutes.
Please keep track of your constellation to see what happins to it during the course of the night.
ALSO, .PLEASE WATCH THIS STAR, WHICH WE SAID WAS POLARIS. WHAT IS SPE-
CIAL ABOUT ITS BEHAVIOR?

,-

4

Fade in music, gitadualb) dini orange lights (or -daylight), and .begin ditirnal motion. In Fall and

Winter, stop when the "Dipper" is aligned with your constellation outline for the following Section fir

used), ,

It is now about two a.m. CAN YOLl STILL SEE YOUR CONSTELLATION?' WHAT-
HAS HAPPE TO IT?

WHAT HAS APPE ED TO THE BIG DIPPER? -

WHAT HAS HAPPENED TO POLARIS, THE NORTH STAR?

Allow time for respithses and discussion alter each question. Encourage general observations

.such as"stars seem to rise and set like the sun," or"the North Slar always stays stilt"
0.

00

VERSIONS OF THE BIG DIPPE4 (OPTIONAL)
Turn on diurnal lotion' until"Dippee mark on prcilector equator is reyched,

'Now, to me, the Big 'Dipper is just that, a big dipper; and indeed, to'some people in.
southern France, this group of stars was the Casserole, or sauce.Pant

0

1) CASS ROLE OUTLINE.

"
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But to the Romans, the Dipper just pan -of a larger constellation, Ursa MAjor, which
means the great bear TRY TO IMA INE A BEAR. WHERE IS, HIS NOSE; WHERE ARE
HIS LEGS? (etc.) i

2) BEAR 0(ITLINE

Tell the story (page 126) in one. minute or less. For example: "Once the .king of the gods,
Jupiter, fell in love with Callisto, a beautilid youn,g girl. But Juno, the queen of the gods, was very
jealous, .so she turned poor Callisto into a. bear. lupiter felt 'sorry for Callistof-so to protect,her from
hunters, he placed her up in the iky where .we can see her every night (f we look," -

To. many Native °American tribes,. the Dipper was also-a pear; It is remarkable that many
cultures, so very far apart, came up with the same unlikely image for theses- stars, But the
Native Americans did not draw their bear exactly this same way. Many of you have seen. bears
in the zoo. WHAT IS .WRONG WITH THIS ROMAN VERSION OF. THE BEAR? (Accept
,Ideas from. audience.) So we can see that what's wrong with this bear is. its long tail.

Ifyou have loti of time, take andther minute to 'tell the story of the oat tree (page 126).

To the early people in England, the Dipper 'was 'neither a dipper nor a bear, but was a
plough, drawn by oxen.' WHY DO YOU THINK THEY THOUGHT OF THIS CONSTELLA-
TION, WHICH IS HIGHTh THE.SKY LIKE. THIS4N THE SPRINGTIME, AS A PLOUGH?

*

3) PLOUGH OUTLINE

Li_



_._
.

Responses might Include"lt Is-time to plant," "It goes roundand round like a farmer pldughIng
his field," etc. Accept all answers. -

Finally, I'd lilse td tell you one list story ethat I favorite. of mine. It is a Native Ameri-..

can story, one from the Wasco Indians' ofthe Paci c NorthWest, the area we call Oregon and
*ashington. t .

Tell the story of the five .wo(f brothers (page 110. 11 would be especially appropriate to use a
itory from Native American culture ci f your .oWn planetariuM's region.

...

4

4)' WOLF BROTHERS

AND B.FAR.OU INE

.125

There is no "best" or "correct" story, of course.. I hope each of you will make up your own
story about the Big DipPer and the other constellations. Stars belong to everyone, so your own .

imagination is just as -valid as the ancient:Romani' or anyone else's.

CONCLUSI?N
Now, we'll speed up the motion of the earth again and NAch what happens,

Gradually Ade in musk, turn on sun, and begin diurnal motion. After ten or fifteen seconds,

&dually turn on red sunrise: As sun disk appears on horizon, slowly, daylight and fade out

music.

It is now eight o'clock in the morning--time for school and work. Please take your star
map with you so you can locate the co tellations in the real sky on the next clear night.
Thank you for visiting with us in the pla arium. Hapk star hunting!

go.

v
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VERSiONS OF .TH1E. BIG.DIPPER .:

Reammended Sky Mythology oilitce Books

Richard H. Allen, Star. imes,,Thelr Lore and.Meaning, 1963,.Dover.

Ella Clark,. Indianlegen gl..the Pacific Northwest; 1953,-University of .California Press.

Edith Hamilton; kythology, 1971, New American .Library:

Julius D.W. Staal, Patterns in .the Sky, 1972, Econi-Co, Press (available from Fernbank. Science
Center, '156 Heaton park Drive, NI., Atlanta, Georgia:30307.) .

The first two versions below are based on Steal, andihe third is based on Clark..

Theillotnan Version: The Great Bear
Jupiter,. the 'King of the gods, often'fell in love with mortal woinen. of earth, SO his wife .

Juno 'wag often jealous. When Juno found out that Jupiter Was favoring:I young maiden named.
Callisto,Auno got .so furious that she Changed Callisto into .a big shaky bear. Years later,
Callistolfion Arcas Was hunting in the forest when his..mother now, in the form of a bear,'saw
him. She got so excited, she forgot shel.was a bear. and she rushed forward to embrace hitt. Of
course, Areas did not recognize. his mOther and he leVeled an" arroW in his bow to kill her. In
the last instant, Jupiter intervened by changing Arcas intO a. bear as -well, and then grasping
both CalliSto.and Arcas by their tails,.flung them. into the sky-.4vhere Callisto is .now the. Great
Bear and Ames the Littlear.

Juncvstill not satisfied with her revenge, persuaded Poseidon to forbid the two bears from
cooling their feet in the waters of the (keens. .This is why Ursa Major and Ursa Minor never.

. .

sink .below the. horizon:

Nati*e American .Version: The Bear in the Oak Tree Forest

Long ago }here was a great oak. forest. that was enchanted and magical, because every
iiight. at Midnight the trees in this forest would move around and visit each other. One day a
beat wanOred into this forest and got so lost, he couldn't find his way out. He became
.frightened, and when midnight came, he was terrified to find. the trees moving about.. The poor
bear started racing madly all over and bumping into trees right and leff.' The trees did not
appreciate this intruder at all and one tree Was so upset that it started chasing the bear. Because
bears generally are faster than trees, this .chase lasted almost till dawn. The tree knew that he
.and. all the other trees had to go back to their original .places by dawn or the sun would notice
that they had moVed. So the tree, just aLtwilit ht, made one last grasp at. the bear with its long-
est branch atufjust barely caught the heaF6S7The tail. Then the tree thrust the bear up into the,
sky Where We see him do*. Now you .can el imagine. why his tail is so long.

Wasco Indian Version: TheFive Wolf Brothers
.. Ah

Once upon a time there werrfive brothers nained the Wolf brothers who made their liv-
ing by hunting .deef.. Everi night they would make a camp fire, cook some meat and eat
together, They shardd their ood with another man named Coyote (a mythical god-like chwac-
ter). After eating, the brothers would 'relax and gaze into the sky in a certain area and took
puzzled.. One night Cbyote asked the oldest brother, "What areiyou looking at?" The oldest
brother said, "I won't tell you-- you would think I was foolish." But on later nights Coyote
questioned the other brothm,until pne night they ,answered, "We can see two animals moving
in the titar but they are so high uwe Cannot tell what kind of animals they ire." Coyote
repljed, "Wouldn't you like to get a closer look at them to see what they are?" which the
brothers replied, "Oh, yes, but nqne can travel into the sky." Said Coyote, "No ense, it is
easy," and proceeded to collect three quivers full of arrows. Then he took an arrow and shoi it
straight tbwards the place in ,the sky 'where tht, brothers said they, saw the tWo animals. The
arrow went all the way to the sky and stuck there.' Then Coyote shot a secondarrow so that its

I
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tip stuck into the end c:f the first arrow. By the time Coyote finished shooting all the arrow's,
which took all night, thei-e was a string of arrows reaching all the way,from the sky tO the earth.
At dawn ,the five.brothers and coyote begadclimbing tie arrow ladder: The youngest brothers
iient first, and Coyote and the oldest brother, carrying ifieir little dog, went last.

After climbing almost all day,
.

they 'reached the sky and found tat' the two animals were
grizzly bears. The.oldest brotlier shouted; "Stay away! They might tear you to Pieces." But the
younger brothers, who didn't want to 'appear Afraid, crept closer and closer to the bears. The
other brothers followed behind. Finally, the grizzly behrt looked up and noticed the five Wolf
brothers, but the bears did, not aitack, for thy had never seen people before, and were curichis.
The bears just stOod there looking at the brolhers and the brothers stood very still looking back

at the bears. -

Coyote thought, "What a funny picture these bears 'and the Wolf brothers make 'just stat-
ing at one'another, I would like for everyone to be able to see this," and'he proceeded to climb
down the arrow ladder, 'taking out the arrows at he went, leaving the picture in the sky for
everyone to see.

\
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to .use. map:, .

Hold:this sheet in front of you. Turn the.map so the diredion
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. wiii. match the contt.ellations on the\ map.
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Even10 Star Map for March

9 PM
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vening Siar Map forflidy June

NOZI 210H N8a1-1.1AOS

NORTHERN HORIZON

to use map:

Hold thfs..sheet in front of 'you. Turn the map so the direction

you are facing is on thbottom. The constellations in t sky

wilr match the constellations on ie map.
1*-=

kit Planetarium , Liavrence Hall of Science, Berkeley, CA 94720
(p) 1978, Regents of the Universj..ty, of California
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Evening Star Map for' July August

NOZI 80H N 831-11110S
10 PM
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to\use map:

NORTHERN HORIZON

Hold thisrsheet in front of \yo-u. Turn the map so tlie direction

you are facing is on the botthm. The constellations in the sky

will match the constellations on pie map.

.1
\

-11121.4t Planetarium , Lawrence Ha].i of Science, Berkeley, A 94720
cy.) 19,78,1RegenV. 01 the Univer ity 'of Call.fotnia
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Brening Star Map for §eptemb4 October

9 10 PM
NOZI 80H NSH11.10S
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or

ugst 010

NORTHERN HOR IZON

'to use .
Hold th.is sheetjp front of you. Turn.th:e41\nap,so the'.direction

yoq Aare facing I's on ihe bottom. The copstellations in the-sky

AI match the constellations on the map

a,Belt Planetarium, Lawrence Hall of Science, Berkeley, CA 94720
kca,) 1978, Rapp; of the Unive'reity of California

rjpit IA 34
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Evening Star Map for Novembei. -,December'

9 10 PM
NOZI ddFINMH.1.110S

NORTHERN HORIZON

to use map:

Hold this sheet in froth of you.. Turn the mapiso the direction

you are facing is on therxittom. The'constellations in thetsky

will match the.consteliations'on the map.

1 ilanetAium, Lawrente Hall of tcience, Berkeley, CA 9472p
78, Regents of the inivereity .of California
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Diseover. More About

COlNiSiTELLAfIONS

STAR MAPS
1

Star PathsStar and Planet Chart, Edmund Scientific CoMpany, Barr ngton, New Jersey, An
inexpensive adjustable star wheel that can be set to show how:the sley appears at any time. ,

Slofr Ckillenger, a unique; set of six interchangeable star whels, provides many activities in star
gazing, including "Binocular Treasuie Hunt,","Native Amdrican Constellations," and "Test Your"
Eyes/Test Your Skies." Discovery Corner, .Lawrence. Hall of Science, Berkeley, California ,

94720. .

Arthurrlorton, Norton's Star Atlas, Sky Publishing Company, Cambridge, Massachusetts
(new edition every few years). A set of detailed star charts aiid goal Hits of interesting objects
for telescope observing (star clusters, nebulae,.galaXies, double stars, etc.) ..,

R.M,S. Inglis, A Popular Star Atlas, Gall and Inglis, London0,1972. '-Arnucbiqter -and less
expensive version of Norton's atlas.

CURRENT PHENOMENA

Astronomy is a beautiful; colorful Magazine deyeed to astronomy; It's= not for those seeking
technical information or treatments of the more difficult concePts; Astro Media Corp., 411 E;
Mason Street, 6th Floor, Milwau ee, *isconsin 53202.

Sky and Telescope is .fot those ore technically inclined. Very good for people 'who- want to
build their Own,rtelescopes, or g beyond casual star, gazing. Fine photo-essays on -observa-

. tories, professional and amateur. Sky Publishin orporation, 49-50!.51 Bay State Road, .Canl.
bridge, Massachusetts 02.138., ..

Niso

stlicalepdar, by Robert C: Yictor Abrams. aA\arium, Michigan State University, E. Lans-
.

Ivichigan 48823. This.: month calendar givea day-to-day guide to interesting events in
the sky. )

MYTHOL

Julius D.W. Staal, -Patterns In the Sky, Econi-Co Press, tlanta, 1972. An excellent compilation
of the Greek and Roman myths, this book is available' ftojn Fernt* Science Center, 156 Hea-
ton Park Drive, N.E., AtlautaGeórgia 30307.

Elias Clar, Indian. Legends Of me Pacific Northwest, Univeriir9\ok California Pless, Berkeley,
Califqtni 1953. American Indian stories about the star patterns that we call Orton, Cassiopeia,
the Seven Sisters, the ig Dipper, a d others.

RiblArd H. Allen, Star NaMes: Their Lore and Their Meaning, Dover Publications, Inc., New-
York, New York, 1963. This book hasathe origin of star names and constellations from yarious
cultures.
Look in library card catalogues and You will find many, titles that start out Myths and Legends

.of... on almost every culture:

,

William K. Holt Planetarium,Lawrence Hall of Science
University'of Calif4rnia, Berkeley, cA 94120
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A Classroom Activity tO Supplement

"Coglellations Tonight' Planetarium Program
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_ CREATING CONSTELLATIONS

A Classroom Activity to Supplemtint

"Constellations Tonight" Planetarium Program

yf

- This ilence activity is designed for students in grades three through eight. It can be presented

by wachers with no special preparation in science. CREATING CONSTELLATIONS is keyed to

c. sonie of the concepts in the planetarium program, "Constellations Tonight," so it will probably be mosti

Pffectivg jf presented just before or just ,t4k visiting the planetariuth. Each teacher may wish to adapt

the language.and pace of the activity to his,r her pdrticular class.

Objectives

This activity involves the stage of scientific thinking in which many different ideas, or
hypotheses, are generated. focuies on the type of problemsohat have many equally good
solutions (like naming a new animal) in contrhst to prgblems that have oniy one right answer..
(like finding the North Star). After the lesion, the students mill be able to:

1) Recognize that several different ideas may be equally good solutions to the same problem..

2) Recognize when they need to "break set"--that is, to find a new approach to the problem.
(Set breaking can be thought of as "getting out of a mental rut.")

3) Recognize that the 'constellations which they invent can be just as useful as. the ancient.
Greek and Roman constellations.

Before the Class

1) Duplicate one copy of the Circle Puzzle, Dots Puzzle, and Create a Constellation for each

., student. Prepare large sheets of paper,and crayons.
2) Have tmardspace and tape ready to display the students'. work.

3) On a different section of the blackboard draw three or four circles about 18-20 inches in

diameter.
. . .

William K. Holt Planetarium, Lawrence Hall of Science 4..

University of California, Berkeley CA 94720

4 4 .

,..a.
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, Part A. Circle Puzzle

. Here is' a puzzle diat has many equally good answers,* Please follow the directions on the,
worksheet. Don't forget to make each circ e into a DIFFERENT picture, and to NAME what
each picture shows. . .

Hand out the Circle Plizzle....Read the directions with the studignts if necessary. Then allow
about ten minutes for them lb work

Who would like to come to the board to show one of their ideas?

Three or four students draw in the prepared circles on the blackboard. :

Share your papers with your neighbors to see how many different ideas you can count.
How many did you find? How many different possibilities do you think there are?

How many of you thought of a few different ideas for the circles, and then just couldn't
think of any more? What are some different'things jou could try at that point, to think .of a
different idea?

Let the students share strategies for generating new ideas that THEfind usefyl. Examplei of
strategies are: to look around the room for round objects, to imagine my room at home, to :share fleas.
with someone else, and so on.

Part B. Dots Puzzle

Directions for this last puzzle are very similar to the Circle Puzzle. Only thiltime you
have to invent and name just four pictures.

Hafid out one copy of Dots to each student. Give them about five minutes to work

Now compare your .drawings with your neighbors' drawings. Did any of you have the
same ictea? How many different ideas can you count?.

Let the students discuss their ideas with .their neighbors for a minute or two.' Then, hand out
the last sheet, entitled "Create A Constellation,"

On this sheet you will probably recognize the same pattern of dots that you saw in the
Dots Puzzle. _This is actually'a pattern of stars visible in the sky. -*tient Greek astronomers,
who lived about 2000 yearsago, saw the Queen of Ethiopia, allied Cassiopeia (pronounce:
Kasio-PEE-ah) in this pattern of stars.

Cassiopeia is an especially easy constellation to find just about any time of the year.

A picture and name that ANYONE imagines when he or she looks at a pattern of stars is
called a *6onstellation." In the box at the bottom of the page, draw the idea which YOU, like
best and name it. This is YOUR OWN \CONSTELLATION which you can find inthe night
sky. When .you are working by §ourself, your own constellation crention is just as useful,
perhaps evetrbetter, than the "classic" ones.

Would it sometimes be better for us all to agree on a single constellatiqn for everybody to
use? How would that be useful? .

Possible answers to this question might be: "To tell someone else where to find certain stars, or
directions in the sky."

The activities described in Part B have been adapted from "An Introduction to Conitellation Study (or Isn't
that Big Bird in the Sky?)" by Ger4jd L. Mallon, Arcola Junior High School, Eligleville Road, Norristown,
Pennsylvania 19401. Pulished in Science and Children, November/December 1976, Vilimg 14, No. 3, pp.
2245. -

.
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CIRCI,E PUZZLE

Make each circle into a picture .of sotnething and write a name for what you iaw under-
neith. The first two circles are completed as,examples. Notice that each one is .DIFFERENT

. .

and each one has a name.

. 139 ..
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DOTS PUZZLE
;11

These six pictures all show the same pattern of dots. In thb first two pictures, people
have drawh something which-the dots make them think of. They labeled their Pictures with a
/lame that tells what the drawing is supposed to be. INVENT FOUR COMPLETELY DIF-
TERENVTHINGS BASED ON THE SAME PATTERN OF DOTS.

Draw your ideas in the last four boxes and label each one to tell what it is supposed to be
a picture of.

tie4.



A. CREATE A CONSTELLATiON

The pattern of dots from ithe "Dots Puzzle" is really a pattern of stars that you.can find in
the iky. The Ancient Greekstsaw this pattern as a, beautiful cfueen, Cassiopeia, sitting on a .

throne.

141

The Queen Cassiopeia Sitting On.Her Throne

In this box, create your own constellation for the same patt n of stars.



low-Up Activities

41.

1) Have the stu etfts invent myths. which tell the story; of their constellations. This actiVity
might be preced d by having them road ancient Greek, Roman, or Native American star myths
which appear in nany anthologies lot children,

. 2) Have the st ents draw or paint more detailed pictures of the constellation fikures they have
. created to illustf ate 'their stories. Instruct- them to show where the:stars aPpear In the pictures.

3) Sheldon SC afej of the Lakeview Museum in Peoria, Illinois lecommends the following
1 activity,' best diieust after the circle puzzle, to demonstrate the value of using constellation
.figures.

a) Draw random assortment of dots on the board. 4,

b) Ask e students tO Memorize the arrangement. Allow a minute or two. No notes'
should b taken.
cover the dOts with paPer.
d) Ask f r a volunteer to reoreate the pattern on the board or have all students do SO on a

.
piece of : aper.

e) Comp re the results with the original.
f) Draw new pattern ,of dots onothe board! this time connected into some kind of figure.

g) Repeat steps !

h) Comp4e the "results of the first trial with,those of the second. Usually there will be an
easily noticeable diffetence between the two.

4) The quiz on pages 153-155 may be used as an activity, and may also tell you tOrriething
about how well .0W. students understand the concepts -in this program, either before or after
they have experienced the program. Please note that some quettions refer to Con-
stellations," while others refer to "Using A Star Map' or 'CONSTELLATIONS TONI HT. You
should trise thiS test as needed to fit your particular class oom situation.

p
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A Classroom Activity to Suivlement

"Constellations Tonight" Planetariuin Program

1

K. Holt Planetarium, Lawrence Hall of ticience%

tinlyersity of California, Beckeley, CA ?4720
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A C1assro6m Activity to Supplement

"Constellations Tonight"Planetarium Program

N

This science activity is desigried for students it.? grades fiA?. through eight. It can be presented. by

, leathers with no special preparation in science. 'USING STAR MAPS .is keyed to some of the Con-

cepts In the Planetarhim program, "Constellations Tonight," so it will probab41 be most effective if
presented just before or after visiting the planetaiiii-Each teacher may wish to adapt the language

and pace of the activity to his or Or pahicular class.

Objectives

. The primary objective of this activity is to increase the students' to use maps.
Following the lesson, the students will be able to:

, 1) Use "direction" arid "distance'', to find locations in the classroom./

2) Draw a map of the classroom.

\

3) Use a star map to locate the positions of constellations in the .sky by 'noting the di ction and
distance froth the zenith (Point overhead).

4) Use it star map to visualize the-orientation of constpllations in the sky..

Before the Lesson

0 Gather the following Materials for each student: 'a pencil, and one copy of Worksheet #1,
#2, 'and #3. (If necessary; make a hew version of sheet #1 to match the shape of your roo .)

Assemble.for the class: one large poster of a Star. Map Withi cardboard "Star Window." T is
.poster is avpable frarh *the Lawrente Hall of Science. See page 97 This 'write-up; Us
September-October skies, and -shuws the poster for Septemyer-October evening sky only. Star

maps are available froM many sOurces for a.lLseasons. You rnay wish to draw your own poSter
and make other changes appropriate for other seasons.

2) Label the four walls of your classroom with paper signs marked with the four primarY corn,
pass directions. These heed not correspond to the. actual compass directions. However, a per-
son facing 'North" should be abli to see Masi". to the right,:"West" to the left, and "South" to
the rear.
3) As an example of how to draw a map of the classroom, draw a rectangle n the blackboard,
and label the four directiohs (as on sheet #1). Draw in the teacher's desk. orjsomother prom-
inent object so the students can see how to proceed.

Part A. The Directions Game

We will begiA today's lesson about Star Maps by playing the Directions Game. Notice the
four signs on the ,walls, that-indicate the primary compass directions: North, South, East, and

William k. Holt Planetariugi, Lawrence-Hall of Science \
UtiiVer ity of Califorda, Berkeley, CA 94720



West. What direction would-I look.to see'Northeast? Southeast?
f Point to the four .direction maikers. Question the students to see if they understand tI4 system

of compass directions. ,
Now We are ready to play. Who will be our first volunteer? Okay, Jennifer, please stand

in he center of the classiiiiim and face AWAY from the blackboard,. I will write the name of
sojne objed in our classrooni ao that everyone but Jenniferwill know,what I have in mitad.

Write the name ofan object that is within Jennifer's line of sight--Say*eorge's Pesrfron the
ackboard Let everyone read it, then erase it.

0
Now I would like someone to give directions to Jennifer so she can find the; object, just by

: looking around; do tAis..by giving the DIRECTION she should turn, and flOW FAR she mist'
look. For example, 'you might say, "Look Northeast, about half-waY to the wall." WhO wants
to give Jennifer directions first?

If Jennifer fails to find the object on the first try, :ericourage the stuaents to giVe clues, but not to
:name the object. Let the students use whatever strategies they can think of (like giving the size,
shape, or color of the object).

Good! Now that Jennifer has' found the object, who wOuld likeoto 4y, the next one?

Part B. Treasure Map of the Classroom

OnI the blackboard I have started/to draw a map of our classroom. Notice that. have
labeled the !our priniary directions and I have drawn-the location of my desk.

Point to the example on the blackboard.

116



If a Sttainer . who has never before been to our classrooty1 Saw ttlis Map, how would he or -

She use4to find) my ,desk?
Li Me:students are.not able to transferkarning from the." irectiotis Game," help thqm by draw-.

ing an afroW feom the center of the Map to the location of th desk, and ask.what the stranger would

tlo if lie- ofrshe stood In the center of the rooM.
. i

Now dot you understand hint to use direction, and distance to locate things on a map, I
want you to complete. the map of our.classroom. On this paper,.sflow all of the things, that rest
on the floorchairs, tables, desks, and anything' else you think is important. Make sure the

.
directions on your maps correspond to the directio s in the classrodn, and that the. distances

.

are', aboUt right, .
.

Hatid-out Sheet *1.

Help student's as they request it. Allow theI to look at each others' papers to get 'ideas and to

When you are finished, plant a "treastire" somewhere in the room, and mark ihespot with
,
'an "X" on your map. Exchange tteasure maps with dhe other person to see if you can find each,

others' treasures. .

The same exercise can be done with older students using the entire schoolgrounds ratliithan .

)ust the classroom.

#

Part C. Reading Star Maps

This star map shows how the stars will appear tonight at about '9 or -lir o'clock. The
center of the circle shows the point directly overhead, called the "Zenilh." The rim of the circle
shows the "horizon," which is what we Call the. line where the sky meets the earth.

Let students inspect the star map on .Sheet #2.

I would like another volunteer to stand in the center of the room. Sim volunteers and
.

.
0i,

Iakes his position. ..
, i ,

: Pretemithe walls and ceiling of our classroom is the sky. 'Where wOul:tou look, Sam, to
. ,.

'see the zenith? How about the Northern Horizon? The Southwestern Horizon? '
1,

:,.. .11'Sam has dilficul0,. other students can Itelp. Thank Sam and ask him tO be seated.
#

Now .Iocate'Orion on your maps. What ditaction is Orion in? How far between the zenith
and he horiZoti is -Cirion? Who would like to take our. volunteer's :place and shoW us where
Orioti would appear in the sky? : :

1

, Do this with several constellations, having students answer by taking the position in the center 9,4
the^rOom pnd indicating where on the walls or ceiling the constellation would appear. Then, hand out

. Sheet #3.
,

When you use these maps' to find constellations in 4h'e real sky, ybu must turn them
around so the direetiontyou are looking in is at the BOTTOM. Do this fdr tile Northern Hor-
izon. Notice on 'Sheet #3 how the Northern Horizon .stars'would appear in the sky. Check the

147
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next tWli :window?' to see how you have to turn the map to see stars overheat and in the
Southwest. Any questions? .. 4

. Illustrate the first, two piciures on Sheet #3 b.); using the Star Map poster and "sky window."
Turn the poster so the direction you are lorking is down, and place the "sky winda' owr the part of
the sky s*ifi!sii This operation is illustrated on the bottom of this page.

Novi try to fill in the stars you would see the next two boxes on Sheet #3. Then, wec
will use dur'Star Window so you can see if you, were'right.

While the students are working, draw two boxes on the Wackboard Ihbeled like the next two
boxes on Sheet #3.

Who Would like to come to theAloatt and draw the stars as they tir!on your piPer?

After a student comes 'to the board and tries. one 'of the Windows, use the Star Window, and
poster to boX in the:correct part of the sky,

. do

'

Let's compare this answer with the Star Map, What do u think? Is this 'what you
wOuld see in the sky If you looked in this direction tonight?; .1 .#

N9r,test yourself by filling in the last two bokes on Sheet #3;

Illustrate the last two answers by Wing the Star Window and poster.

jfiyou understand 'how .the Star. Map works, you can go outside tonig t and find any of
cnstellations that you wish. Good Luck!



In order to get to my own desk from 'the center of 'the classroom, in what direction must I-

go?

How far towards t e wall must I walk?
A



THIS STAA MP SHOWS THE SKY AS !TWILL MPEAR IN

SEPTUM* MO OMEN AT. MOOT 5:00.10 10:00 Pc



Sheet #3 Slcy,Windows

Southwestern Horizon . Zenith (overhead)

.!

Northern Horizon Western Horizon

fr

Eastern Horifon .

-

Half-way,between Zenith
and Northern Horizon
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Follow-Up Aciivities

1) HaVe the students locate the constellations in the sky at night and draw in more stars for
each Constellation they can find.

2) Rave the students draw the SHAPE and POSITION of the moOn on their star maps each
night for a period of two- weeks. Instruct them to shoW where the moon is located in compari-
son to the stars and constellations. Ask Your local planetarium director When ithe crescent
moon will -start to appear So ty students can begin their observations.

3): Useethis unit as an introduction to social Studies actiyities using-Maps. The Elementary Sci-

ence Study (ESS). Unit on "Maliping" provides Oarge number of different aCtivities.

.4) Gerald Mallon of the Meth n School District Planetarium recommends further activities
in Igniting Creative Potential by ect Implode, Bella. Vista Elementary School, Salt Lake City, .

Utah , 84121

5) Jeanne Bishop at the Westlake Public Schools Planetarium recoMmends additional activities
in the Science Curriculum Improvement Study, (SCIS) unit "Relative Position and Motion," pub-:
lished by Rand McNally Ai. Company or American Scien.ee and'Engineering Company.

a
6) The quiz which- follows may be used as an activity, and may also tell you something about
how well your students understand the concepts in this program, eittier before or after they
have experienced the program.. Please noe that some, questions refer to ."Creatirir Constella- ,

tiOns," while others refer to "Using a Star Map". tr CONSTELLATIONS TONIGHT. .YOu
shoUld revise this test .as needed to fit your particular clasiroom situation. (

Answers to the
Astronomy' Quiz .

CONSTELLATIONS .

,)

1.True, 2-True, 3-True, 4-(look for two different constellations that make use of the dots), 5-
D, 6-(depends on "class discussion, but answers might include time-telling, calendars,
navigation, or just because it was fun), 7-(depends' on class discussion, but answers might
include the same as above, plus space navigation, locating deo-space objects for telescopes,
studying the history of stars and ancient cultures), 8-C, 9-(circle touching, near the words
"EASTEAN HORIZON"), 10-(X in the*center of the star map circle), 11-(line ending at the
horizon circle near the words 'NORTHERN HORIZON."
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Circle the best answer.

1.

Astrono y Quit-
)CONSTEL ATIONS

1,

2.

Constellations can be used to find directions on Earth.

If you see a dim star next to a-b.right stai,:yoq will
always find it next.to the same bright star.

True

True

False

False

Don't Know

.Don't Fnow

A star map is used to find constellations. True False Don't Know

)

These three picture ow. the same pattern of stars. 13icture A shows a Constellation that wast -

invented a 'long time

A . C

Invent two different constellations and draw ihem in Pictures B and C. Label each con-
stellation with a name that fits. your -drawing.

-sr
r.

*5. Ancient people in America, Europe, and China saw different constellations in the same
set of stars./ Why do you think this was so? (Circle the best answer.)

A) People i`n different countries saw'different stars.

B) In those days people did not have telescopes.

C) The atmospirre blurred the view of the sky.

D) People in different Countries saw things impettant to them.

Tlry spoke differoni languages. ,
List as answers as you can ,for quelitions 6 and 7.

. Long,ago people mbar invented constellations. because:

ft
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Today constellations are still useful for..
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STAR Nt,o,

NOZI8OH N831-11.flOS

NNW SINVO
or

Wpa'. anTxr

111'

/

c,C\
R. \

i

`4,rn -.-
CD f. >

\

lk ..;,'.. z
.\ 1 -o/ 0

4\ ..%'\:\\ %\
IV

\
%

..v) .- 41 74a . m mvw- N 1::, cm 1 ,. \ I ./ ./. i 0,4.... --- . : (1) '-' 0 .#
/01'!# .\

Polaris iLsio-E

URSA MINOR

NO.RTHERN HORIZON

Circle the letter of the picture that shows what you would see if you looked towards the

.4
Eastern Horizon tonight, according to the above star map.

5,1



*

This 4s a st map
withoutathe ars!

, a.

.11

.''NOZD1OH NIIEIRLDOS.
155 .

:14
I.

NoRTI1ERN HORIZON

1

This 'is a star .map, just like on the last page, but without any stars on it. Please mark your

answers to the following questions directly on the map.

9. They moon is just /ising on the Eastern Horizon. ,Show the moon on the map as a little

circle.
0

10. Pretend you just saw a UFO (or "flying saucer") just overhead. Dre an "X" on the map
showing where it would appear ii the sky.

11. Pretend you saw the UFO fiy in a straight line lind zoom out of sight over. the Northern
Horizon. Draw a line sho ing t e path of ate UFO.
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REbTLANET MARS
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lied Planet Mars as designed for public audiences and for school children in grades four
'and above. With some daptation, it could be presrented to slightly younger groups as well ,

The purpose) of th proiram is not to tell the visitors all about Mars, but to enable them *

to sake their owit, disco eries about the red plardt. Through a peries of activities the visitors'
learn about planets in gen ral, and about how astronomers investfgate them.



' f! in. the first activity, the visijors-identify Mars as the a&ent Greek astronomers did, by
observing its motion from night tr night aS it wanders among the "fixed" stars: Next, slides are
used to shOw 'how Mars looks throUgh a telescope. As a special effect projector sitdUlates the
changing, distorted view caused by the Earth's atinosphere, the visitors are invited to sketch a ..
map Of Mars. The ViSitOrs' discussion of their. own maps provides ajtimping-off pint.fo t the

',.,instructor, to discuss the.Great Canal Debate which astronomers Waged during 'the; half of
7 the twentieth century.

The science of "exObiology," $ ill very much alive tdai, provides the rationale for the
next activity: idventing a creature ich might have erived on a Mars-like planet. The pro-
gram concludes with the modern s ace kientists' vie.,a of Mars through photographs taken by
Mariner and Viking. .0 ,/,,

N

Weitvould be very grateful to hear fropt you about *tow you u$ed this program, what
modifications you made, what worked weluici what didn't work well.
. , .

,

Objectives q

After attending this program, the visitors will be able to explain that:

Planets and stars look similar at first glance with tl)e unaided eye;

Some stars are reddish, as is Nips;
Planets can be detected by noting their motion against the backgrounCI stars;

4. Atmospheric interference blurs the view through a telescripe;

5. Several different observers may report conflicting aspects of .a phenomenon poorly

observed, and yet, all may be reporting useful information;

6. Exobiologists imagine fohns of life adapted in sp.ecific det4 to' the planetstother than
Earth;.

7. ,.:The Viking spacecraft have vastly increased our knowledge of Mars, but have not found
clear signs of life.

:

L- L
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Materials

1) Slides for this program have been aSsembled from several different sources, listed in the
acknowledgments. We have obtained permission to reproduce for planetariums those slides not
commercially available, but only for use in this program. Copies of all the slides may be
dbtained-from-us at-cost. See page 97 . No other use or reproduction has been authorized.

2) One Special Effect Device is used in this program, a 49 ars-under-podrAeeing-conditions"
gle,slide projector devised by Sheldon Schafer of Lake iew Center Planetarium, Peoria, illinois.'.
This inexpensive device may be easily assembled an consists of nothing more than a Slowly
rotating transparent plastic disk placed in the projectec image beam of any slide projector. The
disk is thinly smeared with vaseline, with some areas wiped clean to produce moments of Clar-

ity. We use a disk 20 Lm. in diameter glued to. a 2 r.p.m. motor. (Similar motors and tdisks are
available from Edmund Scientific Company, Barringt)on, New Jersey 08807 for under $20--
motor 60,734-and-wheel 71,242.) We project a slide of a drawing of Mars Made by Charles

Capen, ayailable commercially from the Hansen Planetarium, 15 South State /Street, .Salt Lake
City, Utah 84111. The effect is qu

I

ite accurate. (see diagram)

3) A Naked-eye Mars Projector is needed for the first activity. It must be tiloveable, and simi-
lar in diameter and hue to other red'stars in the planetarium sky. Many planetatium .projecters
already include a good Mars projector that can be adjusted by hand. HoweViet, if your projector,
like ours, produces planets much greater in diameter than the stars, you On use a single slide

41, projector instead for Mars. We use a simple black Kodalith slide with a snr.011 oratige dot which
projects a star 'similar to the other first magnitude stars in the planetarium sky. The ;single slide
projector is moved by hand to produce the two or three relative motions that occur :(during the

..1"dayS") in the progr9. You'll need to make your own "dot" slide.

4) An Activity Sheet for
.

each member of the audience Provides space for 'them to1draw their

version of Mars, and for their extraterrestrial creations. You can devise your own sheet or use
ours (page 174); We also provide a clipboard with attached pencil for eac articipant.

optional:

5) An Opaque Projector allows participants to have their own drawings projected onto the(
dome for discussion. 'We use a $15 opaque projector (a "Brumberger #090 Project-o-scope" or
a "Rainbow Crafts M100"), sold in art supply stbres. This produces quite an adequate image
two feet in cjiameter in our dome. Edmund Scientific sells better projectors"for $90_and up. An
alternative ,4iould be_to show slides of drawings by previous audiences.

6) A Battery-olierated Light Pointer. These are available from photographic stores for about
.$10, and mayhe toed as is. We 'modify ours as follows to increase battery life: a) replace the
slide switch with a momentary contact.,Lush button; b) add a silicon power diode irrseries with'
the. batteries to drop4he voltage; and c)11se rechargeable ni-cad batteries.

( i.'
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ciript

We don't expect the script that foltoWs to be Memorized (as an actor, might memorizei-a
part) but to be used as a guide in learning, rehearsing, and improving presentations. We
recornmend that you read the script once or twice, then work with it in the planetarium, prac-
ticing the Projector controls, slides, special effectS, and music. You should be able to irnagine
yourself Presenting information,..asking questions, and responding to participants. For your 'first
.few 'prepentationt, you can have the SCript on, hand, using major headings.as reminders of what..
.to do next.

The script is organized in bloCks or sections. The purpose of these separationi is Only'to
help you learn and remember what comes next: Once you have begun a section, the slides or
special effects and your own train of thought wilhkeep you on track. When beginning .a new
Section, make the transition logically and smoothly.

Directions for the instructor ire printed in italics, the instructor's,narratiVe is printed in
regular type, and directitonssand questions' to which the audience is expected to.respond are
printed in CAPITAL LETTEItS. There is no point in Memorizing narration word-for-word
since what you neefi to say will depend Upon the participants. The language' you .use and th
niunber and kinds of questions you ask will depend on how old the participants are, how willin
they are to respond, and how easily they seem to understand whit iS going on. .

We believe the most important elements of the program are the questions and the activi:
ties since these in/olve the audience ip active learning. If you must shorten your presentation,
we recommend that Ou borrow time-from the narration.

The following checklist is suggested as a guide in preparing for each presentation;

1. Latitude: Home.

2, Precession: Current.

, 3. Diurnal set so Castor & Pollux are 10 degrees above western horizon.

4. Mars set a few degrees to the left of Regulus in Leo,

5. No other planets visible.

6. Sun-and-Moon off.

7. Slide projectors set for Mars show.

8. NESW lights on. #

9. Activity sheet, clipboard and pencii for each member of the. audience.

10. "Mars-under-poor7seeing-condltions" effect.

11. Opaque projector. (Optional)

12. Battery-Operated light pointer. (Optional)

U. Title and Credit slides on (Slides 1 and 2).

A
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'INTRODUCTION

My name is ," and I'd lik% to Welcome you to the Mine=
tarium. One ofthe most exciting things about science iS tbe Chance tO discver something new. .
Today, in the planetarium, you will' have the chance to expeiience for yourself some of the
exateme,nt:of discovering new things about the Red Planet Mks.. Mars has been "discovered" .
several times: thousands of years ago, when people first realized that Mars was different from
.the stars; 300 years ago, when people first looked at Mars throngh a telescope; and recently we
got our firitilose-up look at the.surfiace of the planet. You will be able to make 'each of these
discoveries yourself, tOday, in our participatory planetarium program, "The Red Planet Mars."

It-is !lbw eVening, 'and as youi eyes grow accustomed to the darkness, joulvill see the sky
as it ,loOked during the summer of 1976. We have gone back a bit, because Mars 1,Vaar asily
visible at that time, and as We shall see, the: summer of 1976 is khen the greatest aciviitce in
our knowledge abolit. Mars was made.

FIND RED TARS ACTIVITY

Can we discover Mars, right'now?
EVERYBODY, PLEASE LOOK AI1L AROUND THE SKY TONIGHT,AlID LET'S SEE

HOW MANY YELLOWISH-RED POI TS OF LIGHT WE CAN FIND. PLEASE LET ME
: KNOW WHEN YOU HAVE FOUND YELLOW TO RED POINT OFJ,IGHT, SO WE CAN

POINT IT OUT.TO EVERYBODY. Turn:up feading lights partially; when people find somethini,

let them show it with portable pointer& Keep atking until Mars and two other yellowed,objects are

found,' :

We.now haye three candidates--yellow to red points of lighittiat might be Mars: One of
them has been designated by ;very society on Earth as being special. Mars, we pall it. But

which .one of these is Mars?,

IS ONE OF THESE 13IFFERENT FROM LE REST? HOW? Each may have soMe

,unique qua* but We .need an overwhelming difference. They are different through a telescope, but

the ancients didn't have 'telescopes and still knew which one was Mars.

163.,

'4

FIND THE PLANET ACTIVITY,

o

Cottld one of these points of light do something different? We have been watching fotc
inany minutes now, and we krôw all the points of light in the sky appear to' turn very slowly

throughout the night. But th e isn't much happening so.fai; and no one star stands out yet.
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Maybe we sho go ahead several nights to see if anyfing.has Changed.
,. . P

Assign ,ea h object to a section of .the.audience td watch.

NOW. §T 1DY YOUR OBJECT. CAREFU$LY:' 400K ATITS 'POSITION;COMPARED.
WI% THE, ST RS AROUND IT, SO YOU WILL BE!ABLE TO TELL"IF IT HAS MOVED:.

.1

/ Tuifi uji ylight, turn down stall and,planets. Advance Mars about 10 degrees.East.
I

their are bac in their samq positions. But_willang-Of our yellow, orange or ted objects be
/. When t lights dim again, we' will be four weeks in the future,. and see. ihe stars when

. ., different? / .. / t ,

Turn u stars anpagets; turn on aygt.1 Il dW dlih
.

/ WHA HAPPENED \TO .YOUR POINT .OF LIGHT? Go from grOUR .to group. Nearly
,

/ el)erybody ill say their.s movede little bit ' :

. .
,.,.

,

) ..

,.-.' . We most of .
the objects may have moved a little bit, Maybe :we need to to ahead

another ur weeks:- . Watchoyour star. again. tr
T n yp dayhght, dim stars and planets, advate Mars another 10 degrees, etc... ' .

...

HAT HAPPENED TO YOUR 4/0INT OF LIGHT NOW, EIGHT WEEKS AFTER WE
STA ED?. Now a few. will have. decided theirs didn't 'move,. but the.Mars group will be sure.thtirs
did s .

0 We are not sure' about sorne orthe objects, 'but have ruled out some, .find.ione group
. .

.. thin s thiS one (Mars) definitely Aid moVe. .LET'S ALL WATCH THIS ONE VirtARE-, --
FULLY THIS TIME, AND SEE IP' IT IS INDEED MARS: .

Repeatsequence a final time.

WHAT HAPPENED TO THIS ONE? It moved!

So we have found the *planet Mars--by its motion. In fact, our word "planet" .comes from
Greek "planetes," Meaning "Wanderer." As the earth turns, all the stars and Planets appear

Imoye slowly every nigh0 together. The planets, however; turn a -little faster or a little slower
an the rest. There are other differences, but we can't tell them without a telescope. Other
iestial objects are just as red-4n fact, the name of this kat (point out) "Antal-es" Means "rival
Mars."

We have found it. That red dot of light is The planet Mars, as mankind had seen it from
beginning.

1%

.0

TELESCOPE VIEWS

t.

We liave discovered Mars just as it was first discovered: using our unaided eyes. Just 300.
year. ago, GilIleo discovered a new way to look at Mars: through a telescope.

Turn on Slide,3:
Telescope Eyepiece Frre
Theladd slide. 4: Mars

. Thi red circle represents the eyepiece of
a telesco and we are going to look alone of
the clear st photographs of Mars ever taken"
through a

1

arge telescope on the Earth.

a o

;
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,

WHAT FEATURES bo YOU SEE IN THIS PHOTOGRAPH? Color, dark shapes, white
pole cap. . - . ::----.

The featufes ;light and dark areas - are notVery shall. In t, they are kind of blurrY.J

WHY DO,,YOPJ THIN& THIS PICTURW-LOOkS SO BLURRY'? tMospheric turbulence on

Earth, 1 :
.

:, .

Now we are gding to see.Mara as it would loOk live, :through a largetelescope.,
i .,

e'

Mars Effect on;
. then Slide-4 off for

smooth fade

,

There it is. See hay our atmosphere is
changing,. blurring Ole image. But every once
in a while, the atmosphere will stabilize, and.
Mars will become clear for an instant. This is a,
ver accuride simulation of' the "live" view of
Mars rough a very large telescope.

4t, ,

An photograph we take through any telescope on.Earth must also look through th cond
stantly changihg...atmosphere of the' Earth. The turbulent air makes the, stars twinkld, and the:
planets look bluxry.:. Every minute ot so on very clear nights; the atmosphere diiectly along our '
line of sight' may happen to be less .turbulent than norM arfd for a fraction of a second, we
might get an unusually Clear viliw. But the caMera- does know when these moments Will
occur, and cameras record the:picture over seveial tenths seconds, so they would photo-

. graph the blur along With the clear. So astronomers observing from the Earth even today usu-
ally rely on their eyesight and meMorY, and sketch details bY hand. .'

There is son* fine detail on this view of Maii that I can just barely make,out. An astro-.

tomer wOuld,like th establish as Much.detail aspossibleby seeing if there are any barelk visible
features we all agree are real..,

:.

.

I )

, TELESCOPROBSERVING AND SKETCHING ACTIVITY
.

Turn up daylighi, distribute paper,Jurn on reading lights full

Here is your chance tri pretend you are anPastronomer, trying to help decide what" the sur-
face features are. tzt me give each of you a piece pf Paper. On. the top half are two sketches
of your telescopp eyepiece, with a br disk-of Mats ready for you to complete.

4

NOW, T6 HELP DETERMI WHAT SURFACE FEATURES ARE THERE, PLEASE
SKETCH IN THE DARK FEATURES 'ON THE SURFACE OF MARS. WATCH FOR THE
BRIEF :MOMENTS OF CLARITY, AND THEN IGET AS MUCH DETAIL AS YOU CAN.

We will. obserye for just ,tw Ihutes, and then hdld a brief conference to reach our joint con-.

..chksions. There is a second k disk on your paper in case you don't like the way yotifdrftw7
,ing is coming out, and want to art over.

A
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Turn off daylight. Go" through three periods,Of clariv, then turn.-up daylight and turn offMars'
special effect. :

How much detail were yOu able to sketch? COMPARE YOUR SKETCH WITH THE
pEOPisE SITTING NEPXT TO YOU. DID THEY SEESOME DETAILS'YOU-PIDN'T?

Walk &Maid .the room, select one or two examples and show everybo* using the opaque pro-

tector.. The% sketches are all different; although sOme features show up on most of them:

WHy DO you THINK EACH OF U§ MADE A DIFFERENT SKETCH OF THE SAME
VIEW? ' Differing skills of observers, different moments of observation, different choices of what to

.match. There'are always differing interpretations of what is really there for soinething new and
as difficult as this. We cannot agree perfectly on what is really there, but we can Come to some
agreenients on broad structure. .

"0
the early.part of the 20th century. He observed Mars over and over for many years, and he

reported.s6me very controversial features that Were very hard to see. Let's look at one opillis
drawings,. showing Mars as Lowq,11 saw it,

.LOWELL AND CANALS

One of theinost persistent Mars-observers was Percival Lowell, an American astronomer

Slide 6:
Globe of Mars

by Percival Lowell ,
I

Lowell saw and named hundreds of fine e"1"
lines crias-crossing the planet:, He noted they

I
seemed to connect the poles, which had white'.
caps like .the arctic regkons of Earth, with the* 4 .

rest of the planet. Many astronomers never'
could see --these,(fine lines, but several others
agreed with Lowell that the iines were'there

THE LINES ARE REAL, WHAT WOULD YOU SAY THEY MIGHT BP'. .

Lowell guessed that the lines were canals, irrigating the Martian deserts. And where there
are irrigation .canals, there must be canal builders. Thus Lowell suggested there was a,civiliza-
tion of intelligent Martians. :

011.
loew

EXOBIOLOGY ACTIVITY

4E,

167

le

.

lige idea of- intelligent beings on Mara sounds fantastic to us töda);, and it was al 'so fanta:-'

tic 80 years ago .when Lowell suggested it. ',But the idea pf intelligent life somewhere. in the

*universe besides Eaath is a very'reasonable one, and an idea that 'many scientists today think is
.
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very possibly true, ..Beyondlur star, the sun, there are billions of other stars; and each of them
may haye planets, like the earth or like Mars, that might support Other forms of life, even
intelligent life.

Scientists today who are investigating the postibility of life on other planets are called exo-
.

biologists. ExObiologists try to determine what life forms might exist on planets with different
conditions from those on Earth. ExobioJogists studied the kinds of life that could exist on
Mars, so that they could design spacecraft like the Viking, that would be able to search for this
possible life.

Let's examine some modern exobiology. We are going to see several creatures designed
by exobiologist Bonnie Dalzell for an exhibit at the National Air and Space Museum of the
Smithsonian Institution in Washington,. D.C. These imaginary creatures have special features
that have been evolved to help 'them survive on planets different from Earth..

.
Red Hop-Flier

This is a Red Hop-Flier. It' the kind of
creature we Might expect on a hot planet with
low gravity. There, a hopping creature would
be able to travel 'a good ways on a, single hop,
and assisted by his thin wings, the Red Hop7
Flier gets around very nicely:

DOES THE SHAPE OF%
WHERE HAVE YOU SEEN T
sitice although air is thintrr on
delta wing is a good design.. the*big
this hot planet.

Slide 8::
Gliding Green Carnivore

49%

4.

HOP-FLIER'S WINGS LOOK AT, ALL FAMILIAR?
APE BEFORE? Harig-gliders On Earth look very similar,

raviry planet, the ldws of aerodYnamics are the same, and a
wing is good for flying, and the veins hdIP cool his blood on

By contrast, this creature glides otr a high
gravity, thick atmosphere planet. He needs less
wing surface tor his body mass. Even with six
legs, however, he does not hop well due to the
high gra.vity.

1

.

,



169

Slide 9:
Outrigger Ribbon Fish

0

I. 4.017
.43

& 3
L.44 4

02, / 4 er7,41111
.

fiere is a huge fish ,by Ms. Dalzell
designed fa'a planet with, lots of- ocean and a
very high gravity.

IWHY WOULD THE LARGEST ANIMALS ON A HIGH-GRAVITY PLANET PROB-
.

ABLY BE FOUND IN THE OCEAN? Hiht: Where are the largest mammals found'on Earth?
.Whales live in the sea, because the buoyancy of their bodies in the water reduces the great' internal

strength that's needed to keep such huge creatures from collapsing under gravity's pull. ",

Slide 10.-
Bandersnatch

Here is a creature designed for the land of
a high-gravity planet. WHAT FEATURES

* DOES 'THE BANDERSNATCH HAVE TO
.HELP HIM SURVIVE ON HIS HIGH-
GRAVITY PLANET? Very thick and sturdy,
neck, ten short and thick legs, large, low mouth to
eat plants that grow close.to the ground.,

Let's see the kind of imagination necessary to be an exobiologist. Suppose you.are trying
.to decide what possible forms of life might inhabit a planet like Mars. A Mars-like planet is
different from the earth in 'that it has 1) lower, gravity, 2) much thinner Atmosphere, and' 3)

much.colder weather.
On the bottotn of your sheet of paper is a drawing showing some forms ff life that have

evolved to meet Planet Earth conditions. They might not Le suitable for a Mars-like planet.
I'd like, you tO'make your own guess about a being that might be adapted specifically to,survitie
on a Mars-like pla et. You want to imagine a being. with featurei designed for lower gral;ity
than Earth's, thinn atmosphere than Earth's, and colder temperatuie than Earth's. PLEASE

MAKE A VERY R GH SKETCH OF AN IMAGINARY BEING YOU THINK WOULD BE

ADAPTED TO LIFEO A MARS-LIKE PLANET.
(Note: Adults are often shy about this open-ended activity. Skill on the part of the instructor

may be necessary to gel adults to give it a try.)
401'

Give people time to draw. Ask people to compare their ideas with their neighbor's. Ansver any

questions you can. Whim most people ilave finished, 'go around and show a few* drawings (using

opaque projection if available), 'asking pelople to explain what survival features their Martians have.

Compliment clever adaptations.

dIN

46 .
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SCIENCE FICTION MARTIAN
Your drawings are good speculati2n, and, as we' will see, modern scientitts are working on

very similar concepts. WHAT DO YM,I THINK OF THIS DRAWING BY AN EARLY EXO-
BIOLOGIST IN 19391 - .

te
Slide 41:

.

r","t11,7

7.7

,
This is Ohat a scietiCe fkti.;"n artist--Frank

Patil, working-with astronomersimagined Mar-
flans might look like. .WHAT FEATURES
DOES THIS BEING HAVE TO HELP HIM

^-4

SURVIVE ON MARS? Large ears and lungs for
the thin atmosphere; tall and slender due to light
gravio).; fur and tractable eyes and nose for Cold
temperatures.

Are there really Martians like this, who would build ianals and farm the planet? Lowell
certainly thought so. But you tave seen how hard it is to see the details on Mar* and, very few
other astronomers could see alythe canals that Lowell saw. As long as we had to look through
the blurry atmosphere of Earth, we could never see Mars clearly enough to be certain. HOW,
COULD WE BE SURE IF THERE ARE CANAL BUILDERS ON NAAS? Get above Earth's
atmosphere, and if possible, get closer to Mars. Then we could get a clear view, and see if the canals.
really exist,

Turn off reading lights and daylikht.
9

A

VIEWING THE MARINER 9 & VIKING MISSION

Slide 12: Mariner

SLOWLY ,rovie diurnal so it looks as if the
'spacecraft is moving.

r Ills is the Mariner 9 spacecraft /that
ordited Mars in 1971 and sent back our first
closeup pictures of the Martian surface. In
1976, the Viking I and'II spacecraft sent 'back
color ploures, astthey orbited Mars. Once More
we see Mars in a new way. :Let's watch the
television picturos sent from. these spacecraft
as they approached a few .thousand ipiles, itbove,
the surfafe of Mars, / 7

,

_14



Slide 13:
Mars from Viking II

Half Phase

Half of Mars, like the earth, is in night
and half is in day, illuminated by the sun. Vik-
ing here was just over the lout of the plaget
between night and morning, so we see one-
quarter of the surface illuminated. The "grand
canyon" of Mars, Vallis Marineris, can be
plainly seen., That is one of the few line
features in Lowellls canal maps that turns out
to be quite real.

0 # 4 ,;'4.

.

'1,

Slide 14:
Mars from Viking II ,

Crescent Phase- \

/1 Here we see a 'bit more of the night side:
ice cloud is seen rising off a great vol-

-cano, and a frost-covered crater is at the bot-
tom.

Slide 15:
,PMars close-up

r

'171

4

As .41ie nw in closer, we see ail area
about 100 kilotbeters on a_ side with bright
white ice clouds hovering over canyons on '
Mars.

1\ Slide 16:
Black & White Close-Up

Not far from the Aputh pole, this blackt
and white photograph from the Mariner 9

spacecraft shows another. area 100 kilometers'
on a side, kiith strange pits and' hollows.
WHAT DO' YOU THINK THEY MIOHT BE?
Possibly the result of Ice freezing and thawing
ftglerground.

. .
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'Slide 17;
Mars river valley

Here is a very important picture of an
\ area 400 kilometers wide on Mars. HOW DO

.YOU INTERPRET THIS PHOTO? It looks
like\a river valley. The branching tributaries
stronksuggest a water-cut valley, but there is
no liquid\ water on the Martian surface now.
'This createt a fascinating new quation: Where
did the water come from and where has it gone
today?

So these views of Mars pose many further questions about the red planet. But what hap-
'pened to the canals, the long straight lines carrying water to the Martian farms? Only a half
dozen features that e see, such as the "Grahd Canyon ol Mars," have any correspondence* to
features on Lowell's anal maps. The rest 0 the canals do not, in fact never did, exist. You
havt seen how difficul it was to see surface features through earth-based telescopes. Much of
what Lowell did has pr ved Very valuable--he developed 'the techniques of planetary photogra-
phy, spectography of th nebulae, and deter 'nation of the rotation rates of- the planets--and
even exobiology -- but hi observations,of 'the 'canals' were not correct. Apparently, the human
mind "helps" the eye and lls in the details sometimes that the eye partially sees. This is, what
makes optical illusions w k, and in this case, it must have made the rims of craters seem
longer, straighter. We now now that the famous canals of Mem riever existed.

In the summer of 197 two Viking spacecraft detached parts of themselves and landed on
. the surface of Mars. A Viki g lander touched down and pointed one of its cameras at its own
footpad. As this black and w ite picture comes on, we will see the first photograph eVer taken
from the surface.of Mars.

Slide 18: \

Martian Surface

This remaikably sharp photograph shows
the rocks, sand, and dust at our feet as we
stand on the surface of the red Oan Mars.
The rocks are only a few centimeters ac oss.

Then Viking II pointed its camr higher, and we will now see a color picture of the hor-
izon. If you stand on Mars and look t horizontally, this is what you will see.

4

S.

e

Slide 19:
Martian Horizon

This photo shows pall of the paecraft,
including the slender meteorology bo m, iaking
weather data. Mars is even more bos ile life
than we Atad thought based on ea th-b und
observation. Viking tells us the atmosphe Is

only 1/100th that of Earth, and , the aver ge
temperature on a int -summer afternoon is 0
degrees bepw zeiwoCel 'us. It is very dry., 1k

.1

,
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Slide .20:
Viking Digs a Trench

On the ground behind the boom, you can'
see the trench the spacecraft's "arm" dug for
gathering soilsamples for more experiments. #

A

Viking spacecatft.
withflag . .

:

Pf"

The surface of Mars is like a rocky desert.
There is no running water, but only vasticy
Polar caps, The, surface is cold, . the air
extremely dry and thin, and the rocks are all.
covered by a layer of fine, red dust.

Mr.

AL.LAer_

,

1110.11146:16.
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..... .,,
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Sensitive electrOnic instrutnents on the Viking lander searched fp microscopic life, A1

the results are confnsing, and there is no clear sign that even micrdcopic life exists. Viking
has conducted a spies of interesting science experirnents: measuring the weather on IVlars,'
searching for Marstluakes, analyzing the atmosphere and the composition of the soil, and look-
ing for-Magnetic particles. Maybe we will learrrhow the river bed we saw t4as made, an&where...

the water is now.. '
.

. ..

There still might be some form of life on Mars, and we may not yet know how tollook for
.it, or .where it might be. There may yet be more moments When Mars looks new to us.: But
the intelligent Mars Man, building giant canals to farm the surface, just joes not exist. Then .
is no reason for exobiology to atop at Mars, however. there are a/o hundred billion stars in .
our galaxy alone, and ahnost every star, like the sun, may have its own family.of planets. ,

-

Even 'if there, turns out to be no.life al all. on Mars, the red planet has taught us more
about how planets.Were formed and how they behave/ As We move on to Other planets, other
Suns; we will have.learned.how to look from our experience on tr Red-Planet Mars.

N
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THE 4ED PLIANET MARS

Beings from the
Planet Earth

William K. Holt Planetarium, Lawrence Hall of Science

'University of talifornia, Berkeley, Califorqk 94720
9i 1

The Mars Observation Activity was developed by Stie n Schafer

Lakeview.Center Peoria, Illinois.

4.

, eing froth a Mars-Like
*Planet '

7

\ 4

\ This Planet Has._ --
Neakergravilk.
Thinner-atmosphere.

p. .. --- i, - Cokler weather than Earth.s
, \
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Discover More About

RED PLANET MARS

'175

We Is War gfthe' Worlds, 1896. Wells imagined an inVasion. (rpm Mars, based on the
latest thei ries about the red planet fromistronomer Percival Lowell. This fascinating novel
started m dern sciencOction on its way.
\ .William 4 raves Hoyt, 4oWell and Mars, University of Arizona Press, 1976.. This delightfully

illustrated scientjfic biography of Percival Lowell illuminates the excitement and coritroversy
. over Low lls contributionsto planetary astronorny, including his ill-fated spectilations about
Martians.

Jaines B. Pollack, "Mars,": Scientific_American, Septemitr, 1975. Reports the status of .otir
knowledg prior to Viking, Articles in this magazine reporting Viking results appeared in July
,and Nove ber, 1977; arid March, 1978.

[Science ws, June 5 and 12, 1976, and Astronomy, July, 1975. Guides:to the Viking project
atid revie s of the history. of Mars, investigation.

Henry S. . Cooper, Jr., "Profile: Carl Sagan--A Resonance with Something Alive," New Yorker,

June 21 28, 1976. s Superb Vence reporting sharing the *eXcitement of the search for life
elsewhere

\,

Bevan M. rench, Mars:.The Viking Discoveries, NASA, 1977. A well illustrated, non-technical
booklet su marizing the complete Viking project and its major results:

Journpl of seophysicalResearch, September 30, 1977. Very technical rePorts from major Viking

experiments (about 700 pages). Reprinted as Scientific Results of the Viking Project by the
American Ge Physical Union.

(.

K. Holt Planetarium, Lawrence Hall of Science
rsity of California, BerkeleY, California 94720

.
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'S1 des for TheiRED PLANET MARS

,Slide# -

1. 1

Script
!Pao i

' 1

Description . Source
.....

162
1

title Slide
.

Lawrence Hall of Science

162 s

\

.

Credit Slide ,Lawrence Hall of Scieoce

'10.

164 Eyepiece Circle Lawrence Hall of Science

.

164 Mars Photograph

\

Hale Observatories

5. \ 165 Mars Drawing

,..---1---

Charles Capen/Hansen
Planetarium

' 0 167 Lowell's Globe of Mars

.4*.

Lbwell Observatory

,

Red Hop-flier

,

/
,

Bonnie Dalzell or the
National Air a d Space
Museum, Smithsonian

8 '
.

168 Gliding Green Carnivore Bonnie Dalzell

I

9 169 \. Outrigger Ribbon Fish. Bonnie Dalzell

Slide 3. is intended as a frame for slides 4 and 5. We project slide 3 from a separate single
slide projector positioned so that the images on slides 4 and 5 fall within the,:eytkpieCe" frarne.
This is a nice effect, but is optional. dIF

Slide 5 is used in the "fuzzy Mars" activity, described in the text.

For more Iinformation on Bonnie.Dalzell's work (slides 7-10), see Smithsonian, October
1974, pp. 84-91.

Slides 4 and 5 may be purchased &dm the Hansen Planetarium, Salt Lake City, Utah,
.. 84111.. Black and white slides from the National, Aeronautics . and Space Administration

(NASA) .may be purchased from PIC, P.O. Box 6699, Burbank, California 91510. Color NASA
slides may be purchased from Astronomical Society of the Pacific, 1290 24th Avenue, San
Francisco, California 94122.
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Slide it , Scrfpt Page

i

. J.-

Description

i
o, '

Source

10:

.,

i
169

t.

Bande,rsnatch Bonnie Dalzell

1 1

I
.

CP

170 Paul's Martian Fantastic Adventures, 1939

1,2 . / 170 Mariner 9 Spacecraft NASA
.

.. 13

.

171 14s, 1/2 disc, from Vikin

------,

NASA

14 '171

/
Mars; 1/4 disc, from Viking NASA

15. Aft pl iee clouds over Martian.
,canyons .

NASA .

16 171 Pits and hollows near Mar,
tian pole .

..

.

NASA
.

7

.
.

r

e

.172 Martian river valley

.

NASA
,

18..

.

1724
(41

Martian surface, B & . W
closeup

.
NASA

19 172, Martian horlign

v.

NASA.

.20 173 .. Viking digs *a trench
k

.
.

N4SA7

21 i 173 Viking Spacecraft with,fiag NASA 4

With the exception of the Lawrence Hall of Science slides and the NASA slides, these\
photographs are of copyrighted material, ind may not be reproduced without permission from
4,he copyright holders. We have puichased slides 4, fi and 12-21, and have obtained perrdissir
to reproduce slides 6-11 and provide them atcost fot non-profit educationol planetariunis to use

in prettnithg The Red Planet May. We have no permission for any valet reproducon or use.
See page 97 if you wish to purchase all 21 slides from us, at our cost.

4
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A Activity to Supplement

"The Red lanet.Mars" Planetarium Program

William K. Holt Planetarium, Lawrence Hall of Science
Universilyi of California, Berkeley, CA 94720



SIMULATINQ rTHE OLAIeSYSTEI4

A *Classroom Activity'to Supplement

"The Red Planet Mars" Planetarium Program

.

This science activiv is designed for students ingrades five thr4Ugheight. It can be presented by

'teachers with no vecial preparation i science. SIMULATING niE SOLAR SYSTEM is keyed tO

Anne of the concepts in the phinetarium program,:"Red Planet Mars," so it will probably be mosi

effeetive preSented Just beforcior just'afier yisiting the planetarium. Each teacher may Wish to adapt
the language ,and pacenf the activitiesp his or her particular class ofstudents.

%.47bjectives

Thjiiiary objective of this activity is to increase the student& understanding' of the
appearince and mbveMents of the stars and planets. After; the lesson, the students will be able-
to eXplain or demOnstratb:

1) What a planet looks like in the niiht sky.
a

"
2) How to find out if a-given point bf light in th ni is really a star or a planet.

3) Why a planet 'apPearS to "wand " among the nd stars.

4) How to use a model tb figure it why .the staz and planets appear toimove as they do,

Before th0 Lesson

1) Arrange to move outdoors tor the last part of The activity.

25 Moimt the three posters for /this activity on light cardboard.*

3) Stack the three poIrs together ori tbe chalk tray so Star Pa n #1/is,,showing, vlith Pat-
terns #2 and #3 hidden behind it.

Part\A. Observing A Planet
\ ,

Stars and planets both look like points of light in the nighttime sky. Stars are hot balls of
gas like the Sun. Planets a ooler 'balls of material like the-,Earth. Planets circle aroundstars
in "orbits." 'Makes the Earth o e full year to complete its orbit around the Sun. .

Here is a picture of what ybu would
have seen you .had.looked up at the sky
and seen t planet Saturn among the sears-
oiOntaary 5,4978. Which one of these
poinMof light do you think is Saturn.?

S)low poster of Star Pattern #1.
4

A..

1 , I
I

* Positrs are available from the Lawrence Hall of Science. See page 97....

Wi ant K. Holt Planetarium, Lawrence Hall;of Science
Un ersity qf California,'Berkeley, Califor ia 94720.
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Here is another picture made one
month later, on Pebruary 15, showing the
same part" of the sky. Can you see ,
anything different about it? Would you
like to take a second guess about which
one of these points, of light is Saturn?
WheYe do you PREDICT Saturn will
appear one month later?

- Place` Star Pattern #2 next.to.# 1.

Well, let's see-if ism 'are right. Here
'is hoW this pattern of stars appeared oite
rnontfi later, on March 15, 1978. Who

I would like to describe him' Saturn
Y'.wanders" pgainst the background stars?

Place Star Patterns #1, #2, dnd #3
next to.each other.on the chalk tray:

The planets appear to wander at differentttes of speed and in different directions fmm month-
to-month. TeaChers wlio would like to learn more abOut these motions areencouraged to consult their
local plarietarium director. ' .

Through a telescope, a stat appears very bright, but it is st just a point ,of light. A
planet,''however, is much closer to uS, so we can see details on it.' Let's look a(this wandering
point of light and see what it looks jike,:Apugh a telescope.

Point to the "sta? that has changed its position. Show a poster, slide, or a picture ofatarn.
. .

_w&*
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Par.t B.. Siiitulation Activity

' Have' the students go outdOors 'and stand in (*large circle,. about 40 feet inViamete? (but close
enoUgh to hear you).

NoW We will do an activity to see why the planets seem to Wander among the stars.. First,
we need two volunteers to stand in the center of our circle to play the *parts 'cif. the- Syn and

° Earth. . / ,.
. . ,

Have the Sun stand in the very clenter of the circle, and tjie Earth stand aboui five feet away.

- Imaginethat all of you in the circle ire *stars. Like 6e real stars,'each of you has a name...
) .If you want to appear even more like the ,stars, space yourselves around the circle so the Earth

-sees groups,or CONSTELLATIO.NS of stars.

4444
. .

. n

The students move alittle clOser Or fUrther apart so they are spd.Ced unevenly around thacircle.

Earth, pleage turn so you can see ihe4Sun. What time, of, day is it for yourface? (Noon)
'Now turn so it is night for your face. Please point out .sorne stars whose names you:know!

The* student playing Earth Points to thrge or-four classmates and says their names.
4

How ShiOtild the Earth mOve So-lhat a whole week of time goes bY? HoW shOuld theg
EarthInove so that a whote Year goes bY?.

At least one or .two students in the class will probably be able to suggest .that in one week the
Earth would turn around seven times ,While standing in the same spot, or Moving a bit along in itas
brbit .To.-demonstrate a year, <the Earth willhave (o" walk around the Sun- While at .same time
spinning around.

#

_Earth, please demonstrate One .year Dy walking all, the way .around the Sun in your orbit.
If you:.get dizzy, 'We'll pretend yoU turat around 364 'times as you walked in 'one. complete
circle. ;

"'I_



. Now I .have a problem for you to figure out. I will divide the class into two groups. .I'
. want each gtoup to make its own 'model of the Solar System; With. the Earth, .Sun,Stars,' AND

.

SATIAiN.- You crust. decide where Saturn shoUld be 'and how it should Move. 'When we get.
back together again, I want each group to demonstrate why Saturri appears to "wander" against
the stars. ,Any qUestions? .... , $ .., Ilp : .. .

'. Divide the class into two grOupPand assign areas for them to work in. Let the students choose

. Who will play the Earth, Sun, and,Saturn, and discuss how.the planets should ,moye. The students

may Want to knqw how' long Saturn's day is (10 hours). or how long it takes for,Saturn to go around
the Sun (about -29Earth years), but this Wormation is not vital for this activity. Allow the teams to
work until they have solved the problem (probagly five to fifteen 4inittes.) ..

.

.

Corntba form a large 'circle Again. ' Who would like to explain why.Saturn appears
tO wander agai s, while your:teaminstes aCt oUt the Solar System? . . ,

I. The stucle scover either or' both of the following explanations- for why the plalets
appear to Wnder ,p the spiv First, the planets are VERY much closer to Earth than are the

.;,,. stars, so a:slight ch. e in the Earth's location will make planets appear to move with respect to the

Astars. Secolut,Ifie planets are moving in their own orbits.as well, so the direction an Earth observer .

. i . .
ipust look .to see another plane is .always changing. 1 is not important for the teacher..to explain
these concepts in ,Mad, btit rather tO let die students e4cplain .and demonstrate.their ideas while the

.. otffer styclents.cominent and critieize. . .

. .

. .. Now it's the second teani's turn. Who is the ex lainer? The Earth? The Sp? . . ...
r-d .,

.
,

Follow,Up Activities

O'Have the-students extend their siniulation of the solar system 'to include thre% four, or even
nine planets.

2) Simulate the .pbases.of the moon in a dartened room. Have the "Sun" hold a 'bare bulb
14, and the "Moon" hold a'white ball.. The "Earth" will see the "Moon".go through its phases
as the "Moon" walks arbund the."Earth" (once per month). -This arrangement can. also be used ,
to demoristrate,eclipses of,the sun and moon.

c

3) Have the students make a scale model of the solar system. We suggest the following pro-,
cedure developed by Bob Risch and Jim Vickery, Co-Directors of,theJeffco Planetarium, Lake-

wood, Colorado, iro their School District's Curriculum Guide. First, the students. make Models
by selecting small obActs to represent the planets. These can be tape'd to cards with cellophane
tape and labeled. Then, the students can go 'out to the playground with measuring sticks to
illustrAte the dittance scale of- the solar system. They 'Inay be surprised at how much "space"
there is in space! The scale recommended by the Jefferson Counv Curriculum Guide is printed on
page 185 with permission of the developers.-

4) Gerald Mallon Of the Methacton School District Planetarium suggests a larger scale initially,
to compare the earth and sun. lie constructs a clay marble fr the earth, and asks students to
guess the ,size of the sun. The aun is then introduced as a 3-foot-diameter weather balloon!
,(Available for,aboUt $5 from'Edmund Scientific Company, Barrington, New Jersey 08007)..

t
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. 1 SCALE MODEL OF THE SOLAR SYSTEM
.. .(2 inches = 1 million thi1es

*

Size* . In Model Distance** In Model***

I

Sun 864,000
I

ping gong ball 0 ,

Moon -'. 2,000
1

very tiny grain of sugar -0:25 - 0.5" -
sw

Mercury
.

A
3,000 small grain of sukar

.
36 6' 0"

Ven'us 7)500 large grain of sUgar 67 11' 0"
.

Ear h 8,000 4'4.

, -

large grain of sugar '. 93 15' 6"

Mars 4,000 Medium pin of sugar
,..

142
k.

23' 6'11p

Jupiter

c.

89,0,00 large mustard seed 483 . 80' " .:

, N

Saturn 75,000

r

small mustard seed . 886" 148' 0"

Uranus '29,600

it

cake decoration 1,783 297' 0"

Neptune)
-*Sp-

. 28,000

e ,

ciiI4.decoration , 2,794 ie 466' 0"

3,500
,.

medium grain of sugar
Er

Pluto.. 3,666 611' 0"

.

0

Nearest Star 800,000

$

ping pong ball 24000,000 . 760.miles

* Approximate drarneter of the Sun and Planets in miles.
.

** Average distance in millionS oit'rniles.from sun; except
for the moon entry which refers to distance, from earth.

*** In teet(') and inches(").

0 by RoArt Ritch and James Vickery, Jefferson COunty Scho
(Jeffco) Plimetariumieroduced with permission-from t



A Classroom Activity tO"Supplement

The Red Planet Mars" Planetarium Program

0
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\ William K. Holt Planetarittn. , talVrence Hall of Science
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1..

NVENTING COSMIC CREATUJiES
A Classroom Activity to Supplement

,e"The Red Planet Mars"ipanetarium Program

This science activity- iS designed for students in grades 'fbur throUgheight. It can be presented by
teachers with no special prepaiation in seience. INVENTING COSMIC CREATLIRES is 'keyed to
some' of the concepts in the olanetarium program, "The Red Planet Mars," so it will probably be most
effective if presented just be/9re or just idler visiting the planetarium. Each teacher may wish to adapt
the-language and pace of th activity, to his or her particular class:

Objeethres

The primary, objectiVe is for the stud4nts to learn how exobiologists work with limited
information to imagine what life may be like on other planets. After the lesSion, the studeiits
will be able to:

1) Invent life forms which are adapted to their environments. .

2) Rec6gnize that severai observers may notice different aspects of theSaine object or event. .

3). RecOgnize that hypotheses are ideas which can be tested by further' observation.

4) Recognize that scientists make hypotheses. based oils-partial information. *Sometimes these
turn out to be right, and sometimes they are found to be wrong.

* st* Before the Leison
1) Assemble the following materials for each student: two large sheets of paper, magic markers

'or crayons. Aisemble for. the class: three different Cosmic Creatures posters' and masking
tape..
2) Clear three large areas on the blackboard or wall on which to display the students' Work.

I.) On the blackboard, Write:

Omicron-he:

[al Very sand soil.
,

,

----- --. ___
[b . Moist,fQg4 atmosphere. !

.Ic Very dim Bight..

4), Prepare three working areas within the room or in adjoining rooms. The students in each
area"must be able to draw while looking.at only one of the three postetT
,

A. Exploring Omicroii

Today's activities will help you find out what it is like td .be an. exobibloiist. That. is 'a
scientist who studies the possibility of life in t(e universe beyond Earth..

.
Each team is to pretend it is exploring the planet Omicron, circling a distant ttar. Omi-

cron has: a) very sandy soil, b) moist foggy atmosphere, and c) very dim light. What do you
think.each of these con4tions wouitl mean for the creatures of Omioron?

. ,

ilkPosters avail le from, the 'Lawrence Hall of Sci-
ence. See page 7.

.

i
p.

William. K. Holt Planetaritim, Lawrence Hall of Science
University of California, Berkeley, CA*941211,

* .
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.
9 . ^i" I . d . : 1 .

Indicate .the listi.;of ns Written on the. beak.: Have-the students discuss their own-experi-
ences'IfsiMilar conditi on arth.

Each team of exobiologists4will,5 'receive a picture-. that was takeri during.the exploration.
Since mog of the creature was hidden by the fog;uyourjob'is to drai, whatyou think the whole ,
creature might look like. Bnsure ithas specific features to allow, it to suryive under, the condi-
tions. of 'Omicron. Under your dia*ing, please explain''What. feaiures your creature has to

. . . .4

enable it tO survive. .. .

,
,

.
.. 6

\ After giving .the assignment, .distribute paper and crayons:or marked Tho, poit each of the.
"Cosmic Creature" posters-Soeach team' sees.only ONE otthem.

. . . .5,

ealtzeitilli-
Orr.

:./

,

Waittimar-e

t11

;

,

A

-5%

`1,1X
A f

IF StA

441

At,

!.5

!

*

Allow five 'to ten minutes for,the students to finish. Have- the students post their work on the
,,blackboard or wall-next to the work of their teammates. ,Students should still not have seen the other
'leans' original posterst, When all of the inventey t,creatuks are posted in threa`grouPs, begin tio dis-
CuStion. . !No: .

Look 4.4.he creatures:in the 'first sroup. How are they siMilar? What db you thirik 'these
exobiologists Saw? Now are these drawings,different from each Other? What,,might explain the
diffirerices?;;'Would anyone in the first team like to tell us how,your creature is adapted to the
.:cOnditions of Omicron?,

. Have..the stUdents disCuss their answers, to these questions.. Then, move on to the other groups
of draWings cuyi ask the sathe set'of questions. At the end of the discussion, &Splay all' three posters.

Tiially ,Out. the:siCOnd sheet of paper and give' the,last assignment.
. . , .

.! :5;
4 4

0
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.1-410 Does Your Creature Survive?
. . .

Now that:you have'more information about tIle creature, and have heard about some pos.
sible adaptations; make One final drawing whicIV.shOws your beat guess as to what .the creature
looks like...Under your drawings, EXPLAIN THE FEATURES OF YOUR CREATURE THAT
HELP IT SURVIVE UNDER AIL TREE CONDITIONS. ,

el(low five to fifteen'minutes for ?he students to finish. In the meantime, take dbwn their first '
drawings:to make room for the final drawings. As tile students ..finiSh, they' post their new work on the

board.. (DraWings need not- be groupedlin teams fot' this third iound.)-

. Can you see more similaiities this tithe? What are they? who woufd like to tell us how
your creature is adapted to life on Omicronl J

L LFocus the Secorid discussion on the students' ideas about WU' tnetr creatures survive undei the ,.

dOnditions- of Omidon. End with a discussion about ,how the4tudenti'kleas (hypbtheses) Could .

tested On the next expedition_on

Follow-Up Activities:.
.

. . *. .

1) inventing COsmic Creatures" can serve as ari intrOduction:ta lifescience actiVities concerned
with adaptations to the enyironMent; For example, the .0titdoor Biology InstruOional Strategies '
(OBIS), "invent An. Animal," would be good to do beford !or atter 'this lesson (available frarn
OBIS; Lawrence Hall of Science, University of California, Berkeley, California 9472Q).

2) "InVenting Cosmic creatUrea" can also serve aa the starting Point .of a language arts activity. -,

. The students could write stories about the creatures, describing their Means of obtaining food,
tl4ir houses and social behaviors, the extent of their intelligence, and civilizatiOns, interactions

. with other.plants and-animals, and so on.
I

3 ), In relation to a social science activity, this lesson could4a1 le a discussion about how
I chfferent hiatorea report on the same set of events.. - /1. )i

4) The quiz Ach follows May be used as an activity, andMay alsO tell you something about
hoi4 well: your students understand- the conöSts in this Orpgrani, either before or after they
have experienced the program:Please note that sOme qstions refer to Ilmulating the Solar
System" while othert refer to "Inventing Cosmie' Creatnfes" Or THE RED PLANET MARS.
,Y.Ou should revise this telt as needed.to fit your particular' classroom situation.;

Answers.to the Astronomy,Qu1 iz.
-

A \t

,,..
. .

'AnsWers: 1-Falie, 2-True, 3-False, 4-True, 5-(dbt on lower ilght of Picture C), 6-D, 7-(look
, for at least one feature designed to help survival under each n't the three conditions), 8-C, 9-B,

10-C, - '., ,
,

,

.PLANETS

7t.



Astronomy. Quiz
PLANETS,

"Planet" is just another word for "star." True False Don't Know' .1

2. Without a telescope, .a planet looks much like a star. True False Don t Know

If you see a planet next to a certain star,
you' will always find it next to the same star.

. 4. If you see a dim star next to a bright star, you
will alwayand it next to the same bright star.

. True .False 'Don't KnoW

True False Don't Know.

Here are three views of the night-sky seen through the same window but on different nights:

Picture A
First Night

Piciure B
One Week Later.

I

I

Picture C
Two Weeks Later

5. z,Circle the PLANET on Picture C. If.you think there is more than one planet, then circle
each one



6. Astronomers 70 years,agO had a hard time seeing details on Mars. Which of the reasons
below could explain this? (Circle the letter Which shows the best answer.)

A) Mars was further away then.

B) They did not have telescopes.

C) Their telescopes couldn't §ee that far..

D) The Ear,h's atmosphere blurred the view.

E) Tbe Martian atmosphere blurred the View.

7. Pretend someone called you on the Vo-way radio and said they discovered a ne type of
animal.living happily on top of Mount Hffnbug. On top of this mountain: 1) it is very id; 2)
the atmosphere is very thin (not much air); and.3). it is icy and slippery.

l- I 431

In this box, draw a picture of an animal that .
YQU INVENT which is specifically designed to
survive in the conditions on top of Mount
Humbug.

Describe the features'of this animal which help it survive under ALL THREE CONDITIONS.

. '
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8. Thiee students drew these picturesOf imals that might live .in a volcano where: ,1) it is
yery hot; 2) there is v,ery little air; apd 3) J is all full of liquid.

.

. Which of the animals below do you thin will survive best i ia volcano? (Circle the letter of
the best answer.)
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9.iThree ahronomers who worked together used a radio telescope to listen to radio wgVes from
(new star. Without talking about" what they heard, the astronomers wrcite the foflowing
reports:

:

a

Astronomer #1 regorts hearing buzzing sounds which he thinks may
be a warning sent by intel1iget9t beings.

Astronomer #2 reports hearing beeping sounds which she thinks may
be a meaningful message in code.

. ,
Astronomer #3 reports hearing static which is not sent by inteiligent
. beings.

Now can you explain the differences in their reports? (Circle the best answer.)

A) Some of the astronomers had poor hearing.

B) Usually different people don't report exactly the tame thing when they find something
new.
C) Astronomer #3 didn't believe there could be intelligent life on other planets.

D) Some of the astronomers ikere tired and not paying attention..

E) Astronomer #1 is older and knows more.

10. The three astronomers mentioned abo(ie agree that the .sig4al fronfthis st can be heard
every night. Suppose they could not improve their instrumen44. What should ey do to find
out which explanation is best'? (Circle the best answer.)

A) Ask the chief astronomerlo decide.

0. To Look and see if they can find the answer.in a book.

C) Have more astronomers listen to the.pme star and then decide.

D) Have the same three astronomers discuss it and take a vote.

E) There is no way to learn which is best.
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