Gk L 'kpqcuughw5nnsupr_;

.
Syt

m 188 9*:7 B U R 2 INUE LA
.AUTHOR "’." ' Friedman, Alan: And Othefs | .
.'TITLE -__~5 . 'Planetarium Educatorts WOrkshop Guide. International

L ... Plane*arium Scciety Special Report No. 10. § L

'.'INSTITUTION '+ california Univ., Eerkelev. Lawrence Hall of
- ' Science. ' -

"7SP0NS‘§GENC! . 'National SCience Foundation, Washington, D}C. Lo
PUB CATE g B0

U GFANT, . - - SED-77-18387 . . .\ e o
WOTE: '+ '\ . ' 190p. . I AR .
--AVAIIABLE FRCH The Spaceshop, Strasenburgh Planetarlum, P.0. Box
: 1480, Rochester. NY 1u603 (no price quoted).-' S

v T .. Co e _

T-EDﬁS PRICE -'MF01/PCOB Plus Postaqe. - "-"' ' e
- DESCRIPTCRS _*Astronomy: Biological Sciences: Earth “cience: =~

- _ Elementary Seccndary Fducation: *Inservice Education:;
. . Learning Modules; *Museums: *Planetarjums; Problem S
_ SO o ' Solving: Science Activitiws: Science Progranms: Space
e \/ SCiences- Teaching Methods°-*Workshops_3" -,
ABSTEACT E;“ T ‘/ b . SRy 3

- Presented is a wcrkshog auide for planetarlum o
educators. Seven - modules gnd four appendices. focus on organizational
- patterns, learning. theor#§s, questicning strategies, activities for-
‘the planetarium, and incotporating,all of the atove into teaching.

- The four appendices include a list of the 1978 workshop participants,:g'"‘

an annotated’ bibliography for plaretarium: educators, program
.- descriptions ‘from the Hol* Planetaxiam at the Lawrence Hall ofs.
'“Science. as+ronomy quizzes, and classrcom activities. (SA)

L "‘l._ ’“0}. " ._s . ‘ . L ) ‘

L Rep;oductions‘pupplied by*bDRs are the best that ca_

. from the original document. *

***************"*******#*******************#********************L****** -

be made ;."*-~.




Fvernatronal Planetaranm Society - Spectal Keport. oo 10

PLANETARIUM EDUCATOR'S
‘ WORKSHOP GUIDE. -

Alav JoPrcdovan, bsaowrence o Lowery, Steven Pulos,

Py Schar . and Carv Lo Sncador

‘

[icsirorecdd Iy Buddd Wone - "

# , d
{

P g

... ’ .




Internattonal P'lanetarlum Socxety E
g Specnal Report No. 10 |
1980

PLANETARIUM EDUCATOR S
WORKSHOP GUIDE

Alan J. Frzedman Lawrence F Lowery, Steven Pulos

_Dennis Schatz, and Cary L Snelder -
. Illustrated by Budd Wentz

o Astronomy Educatlon Program Lawrence Hall of Sczencef .'
Unzverszty of Cal fornta at Berkeléy A

{  susiEct

~ VISITOR | INSTRUCTOR _

¢ - [ ]

- . . . . E. o . L
. . : - . ) . . . . N
. : . . ' - ’ . . . v - . M Iy
. . . ; o . X .. . N . } o . L ) 1
R e [ . ' . - L A - y
‘ IR I N N o B T T WD PO




~

.Authorslisted in aphabetical order:

- Cover photograph of the Whrrlpool Galaxy in Canes Venatici (MSI) courtesy
; of chk Observatory .

| Thls materlal is based in part on. research supported by the Natlonal Scrence
-:'Foundatlon under Grant No. SED77-18387. Any opinions, findings, -and con-

clusions or recommendations expressed in this publication are those of the o

authors and do not necessarlly reﬂect the views of the Natronal Sclence Foun-

datlon

_Prlnted by - Rlchmond Prlnung, Richniond, Callfornla 94805 Dlstrlbuted by .

~ ‘Ronald N: Hartman, Mt San Antonlo College Planetarlum, Walnut California

'91789

: ‘Copyrlght @ 1980, by. The Regents of the Umversrty of Cahforma Except a

- for the rights to materials reserved by others, The Regents of the Unrverstty of
California hereby grant permission to all persons for use of thrs work without

~ charge, provided that written notification of such use is made to the University.
- Reproduction pursuant to this permission. shall contain an acknowledgement of -

“the orlgmal authors, thls copyrrght and the dlsclarmer above

__ i A o
Intentlons to reproduce portlons of the Planetarium. Educator S Workshop Gmde
~should ‘be sent to: Workshop Guide, Astronomy Education Program, Lawrence

| " Hall of Sclence, Umversrty of Cahforma, Berkeley, CA. 94720

.
~

B

-

_Jnternational Planetarlum Society membership lnformatlon can be obtained

from: Walt Tenschert, 1.P.S- Membershlp Chairman, Thomas Jeﬂ‘erson nghA o

o School, 6560. Braddock’ioad Alexandri

A, Vrrglma 22312

: .Addltlonal coples of the Planetarmm E cators Workshop Guide may be pur-
~ chased from: The Spaceshop, Strasenburgh . Planetariu P.O. Box l480
“Rochester, New York 14603 (Phone 716 244- 6060) Q

A

r’;k__ )

<%




TABLE OF CONTENTS -

Foreword I--‘l.----.--.---_--..--_---.'._--'._.-.-.--..‘-.---.. ........ ...........:......... ......... ........‘...,. ..... |

Intl'Oducthn ...... .;.l--l ...... -. ........ .- -.----'- -.-;----'.--; ------ -- ------- . .. ...... l..--_'_"_'!'---.- ve -.------.2

S

.' Ackngwledgements.._ ...... erdesreaens e s ....... SRR I

-R}idriu_le 1 _Cemmunicat%..'..'...g. ,
. A- Medlileé 'A Framework' fr)r Exﬁmirting ,Btgrtetarium Pro_gram's:..-,.r._..‘.._.-.- .......... 7 !
" Module 3 Orgamzatron Pattems ...... ............ ' ...10 -
_ ”.Module 4 How the Visitors See It ..... D ~17 .
i _. _r Module 5 Questromng Strategres ______ 36.

‘ Module 6 Actrvrtres for the Pldnetarlum .................... SUTTIIIe ......... o 49" i
Module 7 Pu‘ttrngwlt _Al1 Together ............................. ' ........................... 86
'Appe'ndixiA GettiAng A Workshop To‘gether. 89

1 Appendlx B 197KWorkshop Participants ‘ _____ i 99 .
.Appendrx C An Annotated Brbhography for Planetarrum Educators ........ ..... 105 KRN |

. | Appendrx D Two Complete Partrctpatory Planetarmm Programs o
.. - "Constellatrons Tomght" RRINIORNE , ........... 115 .
: "Red Planet Mars" » . s
.-




™ President i
Hobuon Co. Planetarium,
Lu?nbonon.'Nc. " '
128358 '

" ( Past President
Donald 8. Hall’

* RMBC
Box 1480
_ President-Elect -
- .David-A. Rodger .
" 1100 Chistnut Street
C L Zp Code V6J 349

. .Exocutlvo aocmlry

Treasurer
" Waiter Tenschient |

6560 Braddock Aoad

-3T7 Perdue
Datias, Tx. 76225

Chalrmen -

> L]

" Strasenburgh Planmvlum

Rochester, NY 14603

v H.R. MacMlilian Planetarium

Vancouver. B.C. Canada

Michigan State Uriversity
East Landing, Mjchigan 46623
" Membership Chelrman
Thomes Jetlerson H.8. . _
Alexandria, Va. 22012 -

.Publications Chalrman

Spite Memorial Fund

. Von Del Chamberiain .

1300 Boyth Lake 8hore Drive -
Gh't,olgo. Winols 60605

& i/ﬂfﬁ%f NAML E TARIUN sockfry INC
' FROM'THEiPRESIDENT:

This spec1a1 pub11cat1on of the - Internat1ona1 P]anetar1um
Society is to be used and hopefully you will find that

it will become an exce]]ent reference for your planetar1um

11brary

"The work of Alan Friedman, Qwrence Lowery, Steven Pulos,

-~ Dennis'Schatz, Cary. Sneider and-Budd Wentz is culminated
. _inthis professional publication.’

' _for their efforts and hard work..

They are to?be commended

~_The future contvnues to come forth :It is in tne future .
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with 1ife, and in.-some way we, in the p]anetar1um profess1on,' .

'~Lw111 have helped our society to accept
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'¥$§,1n vain, and the future will look even br1ghter.
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. ‘Foreword .

’ _ . B -

_ Planetarium educators have one of the happiest of professions. Almost all
of us really emoy what we do and believe that our work in communicating the:
. excitement of astronomy "and other sciences is nmportant Planetanum people

are chronlcally underbudgeted and overworked, but we have the opportunlty to

be scientist, teacher, actor, magician, and general ham to "hundreds lf 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
occur has been going on since the first planetarium program.- Some school -

shows have been - criticized as ‘being too dull (all education) while some big

- planetariums-have been- accused of presenting ﬂash.y programs with no sub-,
- stance (light shows that are all entertalnment)

, _ Thié workshop has been- developed by the authors and their many cnlla- )
. 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 snmultaneously more"

“meaningful to gene(al audiences. These strategies ‘include ‘techniques for
selectlng and ar_r}lng content and for actively: mvolvnng the visitors in the

- pianetanum program. We. weélcome ‘your ~comments on these strategles and
: _your suggestlons for lmprovements :

"Rk
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Ao If you have - access - to a planetahum and are intérested in leamlng more
7+ about how to use it to promote $cience learnrng, thls workshop is addre,s‘sed to

you, .
The Planetarium Educators Workshop Gu'/de is mtended to be used by any

. group of . planetarium educators who want to get together to gxperiment 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 the Guide useful, it is designéd-to
be most. effective (and most enjoyable) for a group of people who are willing to

spend a few hours sharing ideas and challenglng each other’s gssumptions.

‘The first appendix of this guide gives a few tips on organrzrng “and con--

N

ducting a workshop in your area. n . Y
" The goals of the workshop program are to enable you to: . -

z'_g\.,‘ . -
ooe T . T L

: [all - Select’ reahstlc goals and efl'ectlve ‘teaching teehnlques for partlcular__ '

groups of planetarium visitors. s,

2] -Involve your visitors in active mvestrggﬂlons*gdurlng planetarlum programs
g mcludlng pubhc shows. - . _ .

’ 4)\\“

[3] Assess programs to find ut whlch elements are worklng best m helplng

. visitors learn»from their planetarrum visit.

" While the authors of this workshop-guide aré: enthusrastlc about active
C 'participatory”) learning in the planetarium, our purpose is not to prescrlbe any
-"one technique for developing planetarium programs, nor to criticize . poor tech-

“niques. Rather, the workshop modules present a varlety of perspectives for "
. viewing what occurs in a planetarium, and a number of specific, useful stra-

tegies for creating programs.

- In 1977, we obtained support from the Natlonal \Sc1ence Foundation to .

develop and-implement workshops to share these techniques' with the plane-

" tarium community. We prepared a first ‘draft of this workshop guide and.

presented five workshops during the summer of 1978, jat. Berkeley, California;

i Staten Island, New York; Cleveland, Ohio; Herndo Virginia, and Dallas,
" Texas. Qver 100 workshiop participants suggest iprovements that were

.. included in subsequent drafts of this guide. The rkshop partlclpants are now
_ prepared to present thls program to their colleagues. = ", -

: We hope you will find. these strategies for’ developlng planetanum pro-
B grams useful tools as you create your own sky theater presentatlons R

.o l. - ) o
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-Planetarrum Peorrag Ilhnors
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- _'_.‘Modulel L
."_'COMMUNICATION

-
@

Here is a simple exercise that quickly
leads to fundamental issues, in ‘planetarium

“education. - ‘Begin by separating works

* 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. Theé workshop leader

. places a drawing so that only the instructors ‘
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 certdin teaching tech-
" niques for .each round. of the game as
described on the’ following- page. -

- At the end of three minutes, instruc- _
"~ tion ends, and the visitofs can compare their
_ work WItﬁ the original drawing. Instructors - -
and visitors discuss. the dlfﬂculties they.

“The. objective 6f thiS activity is to provide an opportunity forcyou to switch roles -
* with a visitor and experience three different teaching t&hniques, involving three
diﬂ'erent levels of interaction with nn instructor. - .

N .

encountered in’ this task, -and. identify the -

" teaching strategies that seemed to work best.
“For each round of the game a new drawing.
. +is placed -on the wall, and the rules are: -
. changed slightly to pérmit different levels of

interaction between ‘the visitors and . the

" instructor. 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 dlscuss with the rest of the group the

effect of changmg the rules to permit more

interaction betweén "the visitors and the.
instructor.- How .does your ability to under-
stand what is bemg commumcated change? .

What. ‘instructional strategies become possi-
 ble as more interaction is permitted? Jot
- down the insights which you feel are most '

_lmportant .o T §

.

| STUUENTS T TLOOKATBOARD e
No Quasnoug No o

) GESTU
 DisTruery RES.




! “ T 'li:' R R : T " ) -
. ] : . . e ‘/_
¢ C ) lt\"- ' 5 L
~ . 1 a . ) ". . . _“‘\ . o .
S Rules for round #1: ’a) Use no gestures B) The visitors ‘may not ask questnons c) The instruc- . -
©o.. 7 tor cannot see what the vnsntors are domg (a bamer is placed between thenr papers and- the I
_mstructor) Co e O
Insights: _ PR ,
. ot g .
K ) i \
y = « - ¥ - _ .
A . N
_ . e .
.,. " - .' -
3 ’ o . ‘ - »Q i
. B : i S B ’
R - .-T » . - )
0 .. Rules for ‘round #2: -a) Use no gestures. b) The visitors - may riot ask questnons c) The barners
. - aretaken away.so the mstructor can see what the v1s1tors are doing. _ . rel
_ Insnghts' . - o
N . .o -‘ . b i
& __ S N
. ‘ - 2
. ._ - . } n .. . s . -
Rules for round #3: a) Use no gestures. b) The visitors are. permntted to ask questnons durmg
- the actnvnty c) The mstructor can see what the visitors are doing. .
. .
Insnghts ST v
._)‘- .v g )
. \l .v he
* C A oo
: T 3 ;
Lo “ ——
L} . - ' . ." /( n ¥
¢ . . F o ;
ERa T |
e ‘ "
! n 1. 7 ,_A_L%_..,__ -




ematkably efficient' (and fun) way to bring
‘out most. of the strategres good communica- . .
For"

. , an instructor will often say "It’s
_* shaped 'like a wave." This strategy works

- well "ds long -as the- analogy- is -sufficiently
. close, and the learner has the same picture -
--of "a wave” that the instructor has. As illus-
“trated below, it may not always be apprbprl
ate to- assume that the _visitors’ “image of a- °
.word ‘or concept |s what the |nstructor had
_rn mrnd S s
. Instructor says: "A 'Wave.". -

LN

» .

Al
¢

“

>

.

Thrs actrvfty has proven to tge a '

7 4 -

¢ -

o

Interaction * between - the “Visitor and"

- instructor like that allowed in- Rounds.-#2 '

-gnd #3 is essential to check such assutp-

ions and may suggest the use of othet
analogres or an entirely drﬂ'erent strategy
for communrcatrng ideas.

“This exercise |tself is: ah analogy to the
‘problem of communrcatrng an ided in your
-mind to your visitor's mind. Our exefcisé
~ limits ‘the ided to a simple line drawing
which could’ be communrcated in a plane-
tarium .by just showing a slide. But even
pictures can be interpreted differently by
- instructor§ ‘and visitors - (see Module " 4).
Communicdting more subtle. scientific con-

. cepts;- such as r‘nobn phases, ‘the reason for

day and nrght grawty, or the nature. of a
black  hole, requires the instructor to con-
tmuously check his or - her assumptions

- about how the visitors are recelvmg the

message. v

The rnsrghts you can garn from doing- -~

‘this activity introduce the remainder-of this

workbook." In the modules that follow, ‘we,

.examine specific techniques planetarium

educators can use to create accurate emoy-
-able communrcatron wrth visitors.

N Incorporatrng ‘more _interaction- .with
“visitors will be a constant theme. Every
“ technique we- discuss will have advantages

: _and disadvantages, ‘and we have no "sure-

_fire" guatantées. to offer. - Techniques that .
|ncorporate more visitor-instructor interac-

__ tion are more effective communication tools |
~ than technrques that do not, but interaction -

. does- take time. The quallty and guantity of
communication must be balanced. We hope.
you will weigh the advantages and disadvan-.
tages of each tech |que presented in this
workbook _ )

- The . followin moQuIes present a .
framework for. critically examining plane-

. tarium. programs “(Module 2), a set bf organ-

-
%

»

ization schemes .fors drﬂ'erent modes of, °.

mstructor‘-vrsrtor interaction (Module 3), a:
“guide to -visitor perspectwes '(Module 4)
useful’ question 'and activity strategles
- (Modules .5 & 6), and a final summary sec-.
tron (Module n.ooL -

,




The ob ective of 'thls WS‘diﬂe or you'to become~familiar with one-framework -

. for ex lning planetarlum ppograms. You'll try out this frainework while dis- -

_ " cussing wlth other planetari educators the kind of programs you’d Iike to
present.\ B

¢

Every' planetarrum program experrence -
‘can be thought of asa combination of thice - . .[-

mterrelated factors;aThe subject of he gro-
. gram; the visitor, and the planetarrum
" instructor. , These can be represented by
. three mterwoven crrcles Ly

S e

1) ‘The Subjéct--The images, 's0u'r:1'ds  facts, -
concepts, skills, and attitudes that you wrsh
_to. commumcate to the vrsrtor

S - . . . e . Y . . i
a.\:.:”, . - . - Lo T | . . R

2)" The Visrtor- HIS or. her background e . - .
. expeHences; perspectlves mterests and AR T
learmng abrlmes. RS A TP S |

S '. -5‘."’_‘ . . o=+t The framework of three. interwoven -
AP N .. circles . suggests- “that - effective . education .
3 The lnstruqtora—All thergtrategres you, use - occurs at the interséction of all three circles. . -
" to communicate the subject of th@ program »  Considering all' three aspects can help you .
to the visitor.. (The actual mstructoa can,be ., create the most - meaningful 'anﬂ emoyable o

3 oy “.a person ora ma&hiner) m« learrrmg\ekpe\rrence :' AR
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- In our trial workshbps, we found great

" variety.in the responses various planetarium

educators gave to each -of these questions,
because the particular subjects, visitors, and
“instruction techriques are different for each
of us. ‘Even with these differences, the fol-

‘lowing- modules will help you ‘match Your

‘ own choices of subjects and instruction tech-
" niques with the visitors to yeur planetanum

for the best result ot

. 1 '
b 4 £
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Intersectmg circle symbols next to the ¥

‘title of each module prowde a helpful guide.

to the module s focus. Module 1, for.exam-

ple, stressed -the interaction between the*
instructor and\_ visitors, so intersectmg
Visi_tor-’,s,an_d insffuctor’s circles are  shaded

’ mteractlon between Ihese

A @Thelnstmctor ' B T
. ' ." ' . ) . v . v ol
What are three of the most effectlve mstruct\onal techmques you have used in the plane-




‘The objeetlve of this module ls for you to become aware of six dlﬂ'erent ways

tern of organization, turn back to-this page

and’ list the advantages and dlsadvantages__

you see in each.

Each orgamzatnon scheme wnll be illus-
tratet’ by -using a sectlon of an actual smgle-
P4

|.' SRR

. -Organization -

1.

Didactic =

" “This secfibn outlines a.number.of ways "
»you can interact- with your visitors in the
planetarium. As you read about each pat-

ln which you can organlze the planetarlum experience for the vlsitors. S, R Y

&wsn planetarlum pr(fgram Ina workshop,

you'll want to try .out each section live. If
you are reading this module by yourself, you -

.. might like to lQok at "Observing a Vanable . :
- Star" -(pp. 66-67), and the full program

"Constellations Tonight " in Appendix D,

since examples aré from those sources. = > . -

-

B -

'A'dvantages

|
v
. ".f

‘Disadvantages -

[

all Group T_as_k |

o _Iadividilal.Task

Informal Dis_cusSion

| Group Meeting - -

| Socratic




' Didactic "~

_of this part of the prograni. is didactic. What: .

Organlzatlon advantages' and disadvantages db you see
: ' - with this’ pattern‘? Rebord your views on
{type of arrangement you - page 10 o
present .maferial verbally and/or visually.to =~ T ¢
‘the learners, wtthout expecting any response - - -

~ from - them. As the" diagtam illystrates,
rinformation flow in‘ the didactic mode 'is

entirely in one direction -- from the mstruc-’ :

tor to the v18|tors

- » :

Most - completely “taped _s‘howS- are

. examples of didactic organization, as are live
" lecture-style shows-in big-planetariums.

A typical didactic présentation on con-

_ stellations- would feature the instructor’ tel-

ling constellatnon mythology, or descnbmg“ '

~ which will fea
~and visitor mteractlon with the sastructor.

For -example, the: program: "Constellatlons o

Tonight (in Appendix D) has jan essential

_section 'on top of page 121, in which the

instructor tells the visitors how to use d sim-

ple, one-page star chart for the constella-

tions of the season. A few questions to the

* audience appear, but the basic or‘gamzatnoq_

- . e -

;-

' small groups by ro
tiate ‘this organ ation.
&en atask to accomphsh _ i
" The small group task - orgamzatnon Co

“"allows each viditor to interdct with other
“visitors while wofking. on a comman : task. .

. tlon

udience 'patticipation, -

L. . . .
Ve faana &
T LA o

© Small Group Task
’.‘ Organlzation

The whole audience - is dnvrded mto _
or seafing section to

Each individual has sufficient time to make .
his or her own contrlbutlon to the task solu- -

‘An example of the smail group task -

‘ orgamzatlon may be found in the Sky Map -

Activity in "Constellations Tonight! (pages

12110 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 ﬂndmg an assngned' -

constellatlon in the planetarlum sky

-Each group is-




3 » This organization has the: advantage . -
that visitors can easily help each other pro- .

viding mutual .encouragement, .
The follo rng sugges'trons may contrr-

| ire the task is clearly -defined and
- understood. =, T

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, ‘keep 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 list the.
advantages and disadvantages of the small :

group organjization. -
( v .

.~

Individual Task
Ol:gamzatron E

This pattern of organrzatron enables ,

each visitor to make his or her own observa-

_ tion, perform a unique role, or solve g prob-
“lem. Thus, each visitor becomes physically - -

and rntellectually involved in the subject you
.- are presenting.-

. the variable star. .
: actrvrty to mterpret what ‘the lrght curve - -

"Each _individual can be’

~ engaged in a different tasl_( or each can be .
“assigned the same task.  With a small audi- "
ence, thrs'pattern allows you to move from,

.. Jerson,to person to provrde rnformatron and :

. - assistdnce. '

* 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 descrrbed briefly here to

illustrate this. pattern of organrzatron

- After a-short didactic -presen
what variable stars are, and how

on of - -
ateurs -

- _provrde useful scientific data on thém, each.

visitor receives a clipboard, pencrl ‘and sheet

-of graph paper. A "variable star" is projecte'd
~onto the dome. Surroundrng stars of con-

stant. brightness are labeled wrth numbers
(via another slide projector) to show therr
magnrtudes

Each visitor estimates the brightness' of -
the variable star and .marks a dot on his or -
her graph to “show that estimate. Eact

_"night" a new point is plotted until the visi-

tors have recorded the entire light curve of
Discussions follow this

might mean.
- Record your thoughts about the advan-

. -tages and drsadvantages of this organrzatron -
- scheme on page 10 : :

/" :

\ Informal Discussion -
Organlzatlon '

‘This pattern of organrzatron allows, 3

. free, uninhibited discussion. by the vrsrtors.

among themselves .
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" Recording the light curve of sggtiable star: an individusl task activity.
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. "SIdered an "organization" -at all. ‘
" - visitor discussion can be consciously planned '

-

into  informal- discussions . .among

program, this behavior is often’'not con-

- -during the program and can make a very
~valid contribution to learning.

- For example, this pattern is especrally

'useful after an activity like the variable star

task described: abqve Visitors are naturally

curious to see if they made the same esti- .
" mates.as their nelghbors and the instructor
_can make this easier by explicitly suggesting

that they take a few mmutes out to ‘com-

* pare observations. - "

Informal discussion s

to describe an observation to a large audi-
ence. Visitors are often shy, and uncertain

Ho\\/ever, '

partrcularly
. important if you are going to call on. visitors .

\ As mstructor your‘i'ole 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 - '
themselves at the end .of any planetarlum »

" that they have observed correctly. Informal |

. discussion permits them to confirm thelr

. Observations with peers.

What are the advantages and dlsadvan-_

. tages of this approach?

| 'Group'Meeting
Organization

‘In contrast to the didactic organization
- which'is- instructor- centered, or the informal
“discussion orgamzatlon which is visitor- -
centered,
- centered.

the group -meeting is problem-

~ the visitors.

~ step-by-step to the part

" The problem may be initiated by you
- Your role is to facilitate the
discussign and not 'to direct it. You may
listen, call on individuals to speak, make

._:suggestlons or appoint a member of the
‘audience to lead the discussion.
' case, you must be prepared to go along wrth,

In any

the grdup s decision. "

After the variable star actlvrty with a

" group of high school or college students,
this kind of discussion is a very good way of .

drawing’ together the vrsrtors observatlons
of the variable star. -

The instructor might ask one df: the

© -yjsitors to lead the discussion for a whlle to
try. & decide:
brightness occurred? 2) When? 3)-What was -
the minimum brightness? Individuals will .
have different answers, so the igroup task’
will be to”ﬁeac'h a consensus about the best

1 ‘How many dips in the

description' of the variable star light curve.

. The group might decide to average different:
_obsérvations, to discard extreme data, or to,
give a range of answers to each: question'

"The mstructor must work - wrth each group s
decisions. :

- What- ate. the advantages and dlsadvan-

' tages of thls approach"

| Socratic
Organization

_ . In this pattern of organization, you fre- -
quently ask questions of individual visitors,

respond to their answers,. and lead them
“N.Ia; i_deas you have
in mind. Y

- After posing the First questlon “and
listening to the responses, you might probe

further- by asking the visitors to justify or
~ clarify

y .their answers. You might
refocus the discussion by adding 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 vrsrtors -

also
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"As an example of the socratic
approach consider the followmg way of con-
.cluding the variable- star activity. Suppose

. you .would like visitors to consider several: _

' explanations for the llght curve, and con-
clude that an eclipsing binary star is the best
model. You would like them; to 1hfer this

‘from the light curves, but know that they . |
_probably cannot do this on their own. You .

might Iead them to’ the'anSWer, how_eVer,

Visitors’ Data Sheet A

RS T bt

N

)

2 T v 7. - ’vjr e iy
TIME (Days)--—"-

I SR

BRIGHTNESS (mag. )=

B

"Let s ‘take those po

. seleet the content.

iable. Star Light Cirve
Varl.able‘_ Star_._lg t . the context

-.attemptmg to lnltlate in each example .

A

oo T 3

.-."What mlght have caused these dlps m '
_brrghtness"" T

X oooeesccscss seteocsse .

would happen to the comparison stars""

now"" ' . : SRR S

.4 7+ sesssssssss seesensssss-

"A- 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 dlsadvan-

~tages you see in this pattern of prganization™ -
. on page 10) —_—

. A Review of .-,';-'-' ._
Organizational Patter'ns

_ 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 still control the flow of ideas,

but the ‘visitors have greater freedom to .
Whtn the visitors are

organized in small groups to discuss ideas or

work on a task, you are free to wander from
. group to group ‘and offer suggestions and

_ bllmes one at a trme '
_If hazeis blocking lrght from the star, what

"Now suppogt 1 tell you both dlpS repeat' T
- every twelve days "Which model works best

assistanee where needed. When each indivi- )

. .dual is working.on a ‘task, you can assrst
" individuals 1s a personal tutor. :

Examp?es of each of these strategles in

found in the two complete scripts at the end
of this. workbook. You might enjoy rdentr-

) "'_fyrng each . of the strategies- used in the
. -scripts, or speculating on alternatlve stra-
"~ tegies for each segment.

The followmg Segments from a varlety
of planetarium programs illustrate. the vari-

© ous organizational patterns. Please fill in the

pattern that” you think the .instructor .is

-

of -an actual - sprogram. may be’

B




1. "Overhead you see a photo of the moon
taken by the Apollo_astronauts. . What do’

you notice -about these circules features?

What shepes like these have you seen on
earth?" ' .-

Ny

. . <oy

Orgamzatlon

15 ’ . ) E -

2. "Now I will show you some spectadular

photographs of the moon, and fexplain -what
" they tell us about.how old the moon is, -and
- how it was probably formed " i

\
\

3. "This lamp will represent. the sun. . I want
each of you to stand up and turh around SO

“the sun- appears 10- nse*ane}set for you

L /\ ' E '-:c'

L _ Organization -

Organization

P .

-

4.- "WOr‘k'together in Q:_.(')u‘ps of three. Pi'ck , ’
~ out a group of stars, and make sup.a story

about some ammal or person represented by
thosestars IR I

_Organization

o

5. "Since many of you 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 opinion first?" ".

R .~ Organization

6. "Please feel free to come up to the con-

sole at the end of the program and ask what~ LT
" ever questlons you would hke '

4

Al

‘Organization

-




Module '4

HOW THE VISITORS SEE T SRR

-

- stages of intellectual development

.Most of s have notlced that some L

vrsrtors have dlfﬁculty 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 spendrng

extra. time 'with these vrsrt’Ors still may not

~ help.

Individuals | " who “have

tors, we must examine how the visitor sees

- seen from s

lem on the nexL paég - S
2 .. ‘%\ ' .‘ (]
A

| _ not’ '.yet_‘ _

developed the reasoning skills required to' .,

_ understand- the concepts; presented in a =

- “Zplanetarium program are likely ta leave frus-

- trated with their. inability to understand sci- .

- . _ence, and may be less interqgted in attempt~ " .’

ing to understand scientific concepts in the’

* future. Therefore as planetarium instruc- =

- Piaget, for appreciating how visitors understand a planetarium program.
- will be able fo- use this approach to: 1)-select appropriate concepts for presenta-
- tion to ‘various groups of visitors; 2) select appropriate instructional methods so

o that visitors can understand the concepts, and 3) help visitors advance ta higher'- .

' This module presents an approach based o the psychological research of Slean_ .

- . for the visitors” reasoning abilities.

expenences

-

. ) A'.' F'r_ames oi Reference

the easth, sun an moon as seen from.above the plane of the ecliptic, and so’

- *We of:%show prctures of models and dragrams prOJected onto the dome the earth as’
Oh To learn sdme og,thé"ways visitors may lnterpret such dragrams, begrn by solvrng the prob-

" this module you -will examine one of the
. basic reasoning abilities rmportant for under-
- standrng astronomrcal concepts:

'B. _' Classifying phenomena and :
- C. " Explaining phenomena scientifically. -

You__' ‘

)

1,

the plan‘etarium program, so that'w_e will be- |
able to present concepts in a fashion suitable

‘In each of the first three sections of -

A. . Visualizing how - objects ‘and. events '
appear from different frames of rei’er- L
- ence; |

In Section D-of this module; we .pro- - '
vide suggestions for how to help visitors. -
develop these abilities through planetarium

‘..

v

RN . &
) - .\
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-]~ at the grodel and determine what phase each moon is m for the person ‘whois observmg from . ;
; the surface of Mars Clrcle your reSponse L AR b

- @ ® O ©
" S A s e D

"Explain how you figured out your answer:

-~ @ @® O ©

,. Explain how you figured out your answer:

THE MARTIAN DILEMMA

“Delmos and Phobos ‘the two moons of Mars, have phases just as our moon has ‘Please look -

.MARS -

puosos O

41747
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Cresults | with o‘ther‘ indiv.iduals'l in the

workshob : o
L PHOBOS PROBLEM
. - Student #1

-pomt of vrew--l Just reversed what I saw

Examme the followtng answers b the

. -Martian Drlemn&a Problem given' by college A

“ - students. . Then, answer thel_two questions at -
. the bottom -of -the page and compare -your

- Answer: YB" Explanati‘qn: L
o "rmagrned myself on the surface."

" Student -#4
o Qbservrng shadows on models

: -'Student #5
"Moon i is movmg towards sun."

.”Studin #6 - Answer:

§tudent. #3 AMswer‘ "B" Explanatlon "Put

myself on Mars in my rmagmatron RN )
L I

E_xpla_nation:. :

Answer' D"

Answer ""DS Explanatron

“D" " Explanation: *

"Becalise Phobos is in the direct sunlrght' .

g -Student #2. Ahswer‘ "B" Explanatron "Myv .and not i front of Mars. .-~

dents

»

0

1) Identrfy ‘the drﬂ'erences in thrnklng between the first three students and the last three stu-‘ ;

-

drfﬁcult for the last three students e

2) Suggest rseveral concepts that are tradgtronally mtroduced in the planetarrum that may be

.
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"One of the- most usgul perspectives
for ‘appreciating how visitor$ understand the -

’.planetarmm program - has emerged from a_
-half—cenmry of research pioneered by Swiss

psychologist and epistemologist Jean Piaget
(zhan : pee-ah-zhay): and his - colleagues.

solve ‘problems like the Martian Dllemma
'Piaget noted distinct " dlfferences in

: .people/s abilities to perceive a sntuatlon from
“a point of view dlfferent from their own. In ;-

‘our ‘example, the threamdwnduals who gave
correct - answers and explanatlons to the
Martlan Dllemma Problem could perceive -
this unfamiliar ‘Setting by imagihing them-

‘selves in a different frame of reference, In
. -contrast, the other three mdmduals “think- ..
“ing was dominated by what they saw dlrectly
- from their own frame of reference, or ‘by
. mformatlon not relevant to the pr(iblem

.. ) . A

" ’

»
&
[

BN

- These investigators have. studied how people -

l"'-'-mg at the modk
.. Distribute "modns": (styrofoa “balls.on sim-

" . ple’ wooden stands) to pairs of .individuals

’

" of visitors to place-a moon between them

" individuals will be able to apply this concrete e
. . experience to successfully solve the Martian o

"more mformatlon about the - vnsntors who

of the moon are reversed. - They may alse-\/‘ o O
. - change. seats to see ‘if their partner really -* .. 1 ¢

"6nly what they see. from their. own : pomt of

‘ -: o x"*%m‘ | .'. ;

A further ez;pe:lmenl ‘can p\‘ovnde "_r'

could ‘not solve the. bﬁoblem simply by Jook-

-

ars and its moons.. . .. .|

who had difficulty, with the ~Martian. - .
Dilemma . Problem. IHluminate the room - BTN &
with a s'ingle "sun" (lamp) and ask each pair - . "

and draw what they see. 'When they com- ‘ _—
pare drawmgs they will see.that their views SR )

observed what he or she: drew. Now, some -

Dilemma Problem.: Others will again give

view for an answer._




:Plaget and: hts colleagues, these dlﬁ‘erence"f_f" -
in’ abiligy- to perceive a situation’ fronk a .
?'dlfoTent poiniof ‘'view ‘indicate threg; levelr E

‘f*of ‘intellectual development. An mdtvldual‘l
" .<.who" edhr\ot perceive. that there is a different:
. ypoint oF view:from “isrowp is- operatmg at~
. the ‘egocentric level (also-known as the ingi-
. itive: level) £ Egocentric heré" should. not
"nmplyv‘selﬁshness, merely that,a person’at -
< this Stage asﬁum‘esaa tl}at aevetyone‘ sees tﬁ,e
, ’:same ‘thing he or she. does.- 1If- direct g ;
‘ente with chcrete o‘bject§ ‘and events, suoh
‘a5, 2, fnodel,: helps a pefson fo.aocept -a

-+ different \dewpomt from his' qwn,’then he of' g
: she 1s o&eratlng at the' concrere revel Emally,

lf the person cannlmagme a q:ﬂ'erent pomt
of view. Just from® looking at a- dxagram or.
- hearing'a descrlpttpn he’ on she is. oPerhtingk
~“~at tne formal 1evei 2

In general young children operate
_nurely \at the egocentnc level Beglnmn

. fcelve 2 different pomt of view: through. con—"\i
crete e'xpenences The potenttal fot formal
Ievel thinking. does not. app ar unttl ‘somes =

_;,tlme during - high school See’ Summary

.' Tabl' A) Ptaget also’ developed oategones

ren, bqt we will not c_l_escrtbe theee-
categones in thls workshop ST

- é}lmm.;:y Table A. ")Frames of Reference

Egocemnc Level (starts abo{/age 4'):- can 1magme oniy one ’s

ylﬁw.a o e

own pomt of

NS Lo

"formal Level (starts about \l'ilgh scl:xool age)
dtfferent polnts of v1ew L e

Altpough a person ) general reasonm&
gbxllty may be sufﬁcnently advaniced (o peér-
" m_, mit-u

from
achleve that’ understandm, Whenever the .
-, sitymtion -5 to%gomplex, or’ the “subject
- -matter is unfafrilial, even, adults . begin- 8t
the egocentrlc level. 'Fhlsepattem is evident’
~jn some ‘of the"College §

to the Martian Dilemma Problem % .

lpderstanthng a point: of view, different . "
his own, he or she. will, ‘not” always- i

udents* respons:es o

«-tors_questn s dunng,a program to ﬁnd »out-

"+ how they -abe tmderstartdmg the' content of
- sthe: progtam.. Jf; you. find:that thé: visitofs .
Ta operatin' al the egocentrtc leve), you -
“may. decide “to ptesent the- topic:from the
isitors” poin{+ ‘of “View, It ‘may “¢ven  be"
: “‘rfee*eSSary to: ’_bandon the altempt -to" cbm--
& municat (g rpactioylas- cgncept altogether in
favor of - dther COnoeDts that «can ‘be readily . -
b ‘communicdted” egocemncally 1or concretely

) m \he ttme avanlable L L

L N




1) Tum h ck to the cartooh at the begmmng of this module. At what level is the sza’rd reaﬁ |
sonmg ih the second frame" At what - level is he thmkmg m the last frame" ' _ .

~ . - .
. T . T T - - . 4
e e
o
M
»

> :»,'; %2) Based on the reasomng levels summanzed in Table A examme the astronomical concept

1llustrated below;. and suggest a strategy for commumcatmg this’ concept to a concrete level
lahetarium vnsntor e o o _ SRR _

B . Q
-e . ) * -

(Photographs courtesy of Llck Observatones )

. ) . . . . Lo . : )
RIS ».1 ’ . .. ~

CONCEPT The two: galaxies in thcse photographs actually have the same spiral’ shape. How- -
- ever, ‘the’ galaxy shown on the lel’} )s vnewed from the snde, and the galaxy at nght is. vnewed
from above., ' A

. : : n/." T .- . .
R R SIS e . A _. R .

. RECQMMENDED STRA’I‘EQY
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1}1 any astronomy té’xtbooks, dlagrams hke the one below are used to explam the phases

e —

. " First Quarter | -

) -,Glbbous - .

4 O~
.- 0 M

D

#] Fﬁu Moon

O 9AM

©

Glbbous

0\0

" Third Quarter

o

NéwMoon.

': Crescent

Crescent . _

R

. B What level of reasonmg lS requlred to understand thls dlagram" ( a l
. /" ff.' ’w

a ) Explain your aqswer " 8




A great deal of the lnformatlon that we

present in the planetarium requires the visi- - B

tors to understgnd how: certain. mformatlon
" is arranged and how it relates to other infor-
* mation (for example, the classifications of
" ‘stars and -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?” ' '

* Children  at ‘the egocentrlc level can
-attend 1o only one aspect of a situation at a

time, so they cannot syStematlcally classify a -
large number of objects. They can, how-
- ever, notice if two obJects are srmrlar or -

drl’ferent

When encountering a new set of -

objects, a person who is capable of operatrng
~at ' the concrete level -begins by perceiving

s1m|lar1t|es and dlfferences Then he or she

*.may be able to separdte these “objects into

- several groups according to shape, color, or

some other single tralt

°

B ClaSSiﬁpatlon Skills ..

~ A:number of .additional claSsiﬁcation

- skills develop throughout the concrete stage.

These skills include - the abilit'y to sort

_accordmg to a’single trait, to arrange objects

‘along a continuum’ (from' big to small, hot

to.cold, etc.) and to'recognize that an object : .

may belong to gore than one class (e.g.
realizing that our Sun is alsq a star, or that
Earth is in the solar system and- m the

L galaxy at'the same time).

Constructlng hlerarchles of classes and
"then rearranging the objects lnto different

hierarchies is a- formal fevel classification

skill that does not fully develop until high
~school ‘age. With'sufficient preparation,.a .
high school senior might well be able to -
“understyglla how astronomers classify galax-
ies, neb®We, and clusters, and then subclas- -

‘sify - these lnto various types (eg open. or

" globular clusters),  but’ most -~élementary -
. school. students would find this hierarchy of -

deﬁnrtlons t00 complex; no matter how,
- '_clearly the lesson is presented

Egocentr/c Level (starts about age 4)--can notlce slmllarmes and dlﬁ‘erences, and

.can only classify, after much trial and error;.

v

”

» L.

Concrete Level (starts about age 8 or 9)-- begmmng with classrﬁcatlon by a sin-
~gle trait,-can later. recofmze that objects may belong to more than one class,

and can arrange objec'ts along a contit uum

4

Formal Level (starts about hlgh school age)-- can a(range obJects ina hlerarchy- .

and then rearrange the objects in‘a new hlerarchy - .

K Y

o

~.. . Ll Y

Presentmg classrﬁcaflon schemes that ‘most of your visitors are able to use is essential if they -

are to comprehéhd your program., 'Ilhe different. levels of claSsrﬁcatron reasonrng are demon-
lstrated in the solutlons to the following pr‘oblem :

1--. .
FERY \ . .




. ) RN
N .\-j .. . N
.- L

-,

Planetarlum visitors were glven pictures of galaxnes and asked to classify them any ‘way they
yished. Below each’ response, pleawdlcate the reasonmg level that each- visitor used in order
. to give that response. ~ ‘ _ e

S [ . q'. . ( . ~

1. '_"Basically, there are two kinds of galaxies; spirals’ and non- splrals The spira'ls might be
© - 'seen. facé-on or sndeways and the non~spnrals mnght be either elhptlcai or lrregular in

B

shape "

viewed | \
sideways

irregular

Level . ', ! 1 | .

Please explain your answer. _

~




I

. Please explain ydulyenswer. = “
E . . . ) . . N

. .
-Level -

2 - "The pictures in the top row are all spﬁals and the pictures in the bottom row are not hke.' |
.. spirals.. Also, the ones here (on left) are rounded, the. middi¢ qpes are egg shaped, andv. ‘
the ones here (on rlght) (are skmny o g

a

3.+ _"In order from nicely shaped galaxies towards more squiggley galaxies."

" Please explain your answer. :

Level — J..‘ R \

. e




1

_theae are' longish. . a ~_this has,arrns while .

.

this one doesn’t......

'

Level . SN e &

Please explain your answer. ___ P

| C Scientiﬂc Explanation oo

- q.. . .
PlanetamIm mﬂrpctors frequently provide explanatrons of . physrcal phenomena. why.
_there is day and night; why the moon goes through phases; why the stars shine; and so on. ,
‘Presenting eXplanations at a level that most .of yor‘x}/:rrsrtors understand - will enhance
‘comprehension of the program as a whole. We can’ cldssify people’s abilities :to understand =
scientific explanations mto egocentrrc, concrete. and formal level responses. A summary is
-given inTable C. - » i :




. Egocentnc Level (starts about age 4)--attrfbutes motlves 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

" Concrete Level (starts about age 8 or 9)-- more complex relationships between
‘varlous elements familiar to the individual can now be -used to explain
~ phenomena. New observatlons can be appropnately used m revrsmg explana-
. tions; . o

*

o Formal Level (starts about high'school age)-«can extend 'explanations to predict
. observations and objectIVely compare one’s own:explanations with alternatlves
' by controllrng varrables and maklng probabnhty arguments '

The dlstrnctron between the levels glven in-Table' C is illustrated by several students

_ | ~answers to the followmg problem Begin by wrrtrng your own answers B IR '_
- S
_ teacher asked her. students to draw what t}re moon looked like. Some students drew it
- as s wn on the left, others drew it as shown in the mrddle, and still others drew the moon lrke
_ the pic ture on the rrght . Lo
: “Are these prctures all of the moon? If yes, then explain why'the ‘moon has-different
_ shapes at drﬂ'erent times. ' R . . A
. . . . N Lo - - . : ' .‘/-':
(e : : pl .. . ' e o
:"?:‘%u _ . __" o S I . I
— l
» o - ,
- . . ' "
» ] i . . . N \ ‘f
‘\ 3 4“" .




/ " Now consnder the - followmg responses to- the same questlon by some school chlldren

How do their notions of a "scientific emlanatmn._dtﬁfer from your own? (Refer to Table C for.

deﬁmtlons of levels of reasoning )

< Joe, 8 years. old. »

terviewer: How can you explain these different shapes Joe? Joe It divides ltself in dlﬂferent

. Interviewer. Does it ever put itself back together again?. Joe: In- the daytime. In the
it divides itself again. Interviewer: Why is it that you can only see this part (pomtlng' .
" to crescent) or that part (pointing to half dlsk) at-a time? Joe: Cause it’s been dlvnded up

At what level of reasomng lS Joe ) answer" :

Explain. - -

-

_ -_1.\Derek 9 years old _ - o
‘ Derek Because every month the moon, the clouds come over half of it. And then when'the-'b
. moon is full there’s no clouds around it. ' In a year then it goes back to normal. Interviewer: Do
- 'the clouds stay that way all night? Or do. they move around S0 you see- it all dlﬂ’erent ways in
one month. Derek: No;, it stays that way for a month. '

" What level of reasoning is-Joe’ 5 answer"

.+ Explain. _ S S

" 'Herbert 13 years old.

- Herbert: Because . at different days, like a quarter moon, full moon, half moon just changes its
-position. _Interviewer: How does changmg its position change its shape" Herbert. Cause, all -

‘right, if it sp|ns around a kind of fog or mist can get on this part, and it wilt sort of lobk like a . .

~_quarter moon., Anterviewer: How does one side get light and the other Slde get dark? Herbert: -

~ Maybe cause reﬂectnons can 't. seé 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 - (pomtmg to crescent) where do you think the sun is? ‘Herbert: Over

in this direction. lee the sun is rtght here and |t ) showmg that part (lndlCatmg correct posi-
tion of 'sun).

~‘What level of reasonmg ls“Herbeﬂls anﬁe\?
"Explam RO i N

o "_Tlna 10 years old. -

B / . Tina: Something like its our planet or another planet covering half of it or the sun or somethmg
./~ - covering parts of it.. Yeah, our planet. Interviewér. How does our planet get up there in the
" sky? Tina: Well, like I’m looking at it cause the sHadow. of the earth is on that part of it. Inter-
viewer.. In this picture (pointlng to half djsk) where do you think the shadow of the earth is?
‘Tifa: There is no moon.like that, Interviewer. You've never seen a moon like this? Tina:
_There s no such thing as that kind. It can only be curved, because the planet ) rounll and the
moon’s round so the planet can’t be straight on one snde to do that." '

What level of reasoning Ig Tina's answer?

-Explaln - N - _: _l

: . : ', ’ . » \ X

oV _-___-_wﬁwﬂ\__«- S
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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 quite 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 learnmg about the
moon- at’ museums andplanetariums, and

-could list dozens of facts about resent linar ‘

_quate explanations for the phases of th

However, whén asked to explain his. ideas
more fully he at first, slips back to an expla--
- nation like that given 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 coming from the -sun. Furthermore,
Herbert ‘demonstrates that he can visualize . -

“the - relationships - by correctly explaining
where the sun must be in order to:produce -

plex "relationships are concrete - level

" explorations, their failures to provide adee&\_tel;;lunar phase .that lve see. These more

moon cannot be attributed to lack of expo-

" sure to the correct concepts, :
Joe’s explanation rllustrates a mode of

reasoning common to the egocentric level

_child. - Bgocentric explanations attr{pute-

. “motives and purposes to inanimate objects,

~ this age. Like J

“from the very’

© or assume )all phenomena are produced by
"human actions for human, purposes. This -~
mode of thinking is ca_lled "animism," and -
. reflects the child’s egocentrism. Because the
child has intention and pQirpose, he assumes
" everything else has these attributes as well.

.Derek’s explanatron is more advanced

than Joe’s since ‘it ‘involves only natural'_

phenomena. However, like Joe, he accepts
a simple aSsocratlon as an adequate explana-
“tion, Since many children have noticed

clouds .covering things like the sun and

moon, it is not. sprprising tifat this explana-
tion is the most chmmon among children of

cern for the need fo reconcile new observa-

* tions. - What is. important for Joe and Derek .
" is that their explanations make sense frém .
their own points of vrew, mdrcatlve of ego-

.centrrc reasoning.
Herbert se

that the ’noon "just changes its . position."

; %o

. Derek extends this idea =
to:invent an explénation, but has little con-

8 to have the- rrght |dea '
ginning when_he claims -

explanations.
Although Tina begms wrth the ldea

“ that something is covering 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 apparent .that
- Tina can recall seeing that a shadow has the ..
same shape as the object. She also attempts
'to analyze her response to see if it takes into
account all three moon pictures, a quahty of
formal level reasoning. When Tina realizes
- that her explanation doesn’t fit the strarght
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.
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 explanatron would- be

demonstrated by the ability to draw.or inter- -

pret fully a diagram of moon’ phases hke
- that shown earlier in this module‘

¢

. Note that .Tina is only ten, 3

[ o
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D. Applyin_g_'the Theory

ln ‘this module we have analysed the
" reasoning ‘strategies of individuals in order
. 1o develop guidelines you can use for select-

~ ing topics and presentatlons ‘that. particular
.. groups of visitors 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 1ntellectual development.

. Piaget refers to this process of |ntellec-
tual advancement -as’ ‘“self-regulation."
According to the theory, self-regulation

‘begins when an individual first usés his .
present ceasoning strategy to attempt to

“solve & problem. When the present reason-

| /ing_strategy clearly fails to produce a satis-

factory solution, ~the ;.individual has the
‘opportunity to"modlfy ‘n
lf e problem is not so far beyond the indi-

| as'to 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 indi-

- "?lals at different positions - drew quite .
- di

erent pictures, his reasoning ‘strategy wilt

* Bk challenged. The opportunity will then - .
. e¥fst for -the ~person—to. develop a more

| advanced strategy.

The most important aspect of this pro- ﬁ
t‘::?gs is "that the visitor constructs a more -

ective strategy on his own. Telling the vigi-

. _tor in detail how to solve the problem will
not promote self-regulation, “although hinfs
~may help once ‘the: visitor ‘begins to seek-

new strategies-himself.

'- 'regulatnon It is necessary to begin with ideas
which are familiar to the 'visitors so they can

‘use their present reasoning strategies. By
introducing a moderate [state of disequili- ;'
* brium, that is, where thely present reasoning -

- . doesn’t work, you will présent & situation in
"~ which the visitors will be especially suscepti-

- ble to helpfdlbsuggestnohs from you or other *
_their

. visitors rethinrk

abgut how to

- approaches to problems.
" level ‘of difficulty is joo great, frustration i
may occur, and the visitors may aveid the -

."cf«'«

is or her reasoning. - -

- may -experience il _
other words, .experiences like these not only-
help the: visitors unde¥stand particular coh- .
cepts in astronomy, but\may also improve
their“abilities in such genegal areas as using
‘frames of reference, “classi _
~events, and formulatlng scie tlﬁc explana :
. t|ons ; a_' :

' " - . planetarium programs, the followi
To sumimarize - the brocess of self- ¥

.38 . v

@ . N

If, however, 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 wnll cont|nue to use :
. ._in the future. - - :

» .
To apply this theory to planetanum‘

' programming, you may wish to keep in =
~ - mind the following general points: o
‘1) Many of your visitors, inciuding adults,
will approach astronomy problems with con-

* crete or egocentric strategies. They will not

become involved in the program unless they

. can start at thelrown level.
2) Some: topics“can be’ understood- using - .

concrete or ‘egocentric approaches, “while

- others require formal reasoning in order to o
be ‘understood. Consequently, by carefully
~ selecting topics you can design programs:

which begin at the level of your visitors. -

'3) If visitors tan become involved in a toplc
~ . at a level whick is comfortable for t m,
“and then are challenged by slightly “more

comflex or unexpected information, they

iRtellectual

ng objects and

" For - easy reference - when
| page

. .contains a summary ‘of the Piagetian levels
“of reasoning for the three ability areas dis-

cussed in this module. - Yoy should riow

able to use this list to "rate” any presentation \
-as requiring egocentricy concrete- or formal

level réasoning. Fhis approach can help you

| develop or. revise’ programs to be more
- appropriate fo_r your visiters. '

N 4
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: Starts about age 4

Egocentric Level

Concrete Level
slarls aboul age 8 or 9.

' eoxyn pomt of view.’

-

Frames of
-& Reference

,

Can lmagme only one s

’ -,

- [
N 'J-‘

. Can lmagme a situatnon
~ from different pomts@f _

\ Formal Level

_ slarls about hlgh school
< age " .

o

view.

LI 3

‘Can notice similarities

g . .
L& and differences,  and
..g - can classify only..after -
e much trial and error..
. b4 : '_ . - . * )
C@a. .

\ .

~

Can‘clarsi'fy by a single’
trait, - recognize  that-
objectsfmay belong to
more than one class:
“and brrange objects
along a contmuum ‘

.- Can arrange objects in a -

hierarchy - ‘and then

: reirrange.the objects in

ew hierarchy.: '

syl

-

. comes up-s0 we' ll feel
warm ( _‘ '

| Attributes -métives ‘and
purpases to. inanimate

'@ | objects, or assumes all .
- phenomena are  pro- .
) L2 E duced by human .
3 71 actions for human pur-
la ” . i n
an poses, e.g.- "The .su

- ship

 individual can now be
~~used  to

>

More: cofnplex. relation- |
between_ various | .
. elemients familiar to the -
explain

phenomena. Néw

observations can “be
appropriately used in
. revising explanations. .. |.

" Can: extend explana--

tions to predict obser-

vations and_ objectively

compare . one’'s own

g éxplanations' with alter- -
natives by

eor}_trelling
varidbles  and making

RN

. probability arguments. . 4. |




) RS he followmg ptoblem provndes an opportumty to integrate all of the mformatnon
mthismodule SN L o -

Lo et ‘TEACHI"NG-'PHASEQS OF THEMOON ~ ', ... .=+ :

R Suppose your goal is, to design" educatnon expenences SO that*by the time a child reaches
e hlgh schaol he or she. will be’ able to provnde a formal level ¢ planatnon for: the phases of the' .
: -moon. Based on your knowledge of the various levels of reasoning ability, please outling the - )
‘experiences and explanatnons you would provnde durmg an mdmdual ) deve10pment to reach__' _
yourgoal, _ . S I "

L an ~ - S

o

"fFIRSTGRADE T T
'_A Experxences and explanatlons m the planetanum . I _ i

R

-t

" B 'E)iperiences‘ and explanations in the classrpom':_.. - e

N — . o . ] . o

- - - . . - . - '_ “-. - L
C. Experiences outdoors: . _ / o L \ o

~

A Experlences and explanaﬂons in the pl}netanum “.' : . L ¢

e

. B. Experienqes angd explanations in the clasSifoem: :

~ C.-Bxperiences outdoors: -~ " L e

L et

£




. 'TENTHGRADE ¢ = o "/
. A Experiences and gxplaﬂations"in. the xpl‘a_naar_ium;/_;
. e L Ll

- . .
. o . . N

-

<y TS .‘ e - T v LA
P . B . !
- L

B, Experiences and explanations in the classroom: .

v

-

. LN

D

F)

T N :
s C. Experiences outdoors:

Pl Y g RO




The objectives of ths m'odule are to lntroduce you toa scheme for: classl&rlng‘ .
questions, to proyide practice in identifying types of questlons, and.to-illustrate*. - . |-
. how to '\lraw“proﬂies of the types-and sequehgces of questfons that you ask during “«_-].
A planetarlum program, These tools can hel“p you lncrease the value of diafog k

You holQ wi"th the visltors. S

T,

© When, p'roper'l'y"phraSed > your questions

motivate. and sustain interest, develop. and

modify attitudes, stimulate fresh ways to °
' deal with ldeas, and. elicit - specnﬁc COgmtlve:"‘ .
.~ processes - such as - recallmg, mductn)e and'-, -
e deductlve' reasomng and speculatmg '

. Although asking visitors questlons is a.
valuable educatnona’l\techmque, it is not a
" . commort- aspect>of .most: ‘planetarium pro-["-\
.,.,‘grams. It may not be-practical when audi-"*

. ences, number:in the hundreds.

. attgnding - .or” gjen pubhc shows in’ small .

~-planetariums, questions:can be a, “simple and *

) eﬁ'ectwe means of mQreasmg vmltpr partnci«*’ ‘-':

For “a" %,
"school - shqw” w:th orie, or two' classes

patlon The socratlc Qrganizatlon plan 'dls-'

. cussed in Module 3 relles on your aSlhty to
JqueStnon the visitors skillfully.” .- ,

This’ module is desngned to'help you .

develop. an effective- ‘questioning . strategy. " -
“‘Section A’ prowdeS“a useful set of categories.

for, examining question types. Section” B

".‘applies: these categories.to dialog from a real

Planetanum program. Section € :suggests -

-, Strategies for: sequencmg questions. Sectnon'_
B provndes a. conuemem, form for. planning
L2or revnewmg questiomng strhtegles. -Sections
,-‘-,"T‘E and- F apply.a° similar analysis to.the

tof’s responses tq v:sntors answers.. .
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PREC:

Cral

ca t

A Gateg}ori"zing‘? Questions

¢

- B E

cognizes drﬁ’erences among them

A question is a _question is a questﬁntrl one .
Different classes of questrons require_dlﬂ‘ ent classes of answers. Suggest a few tentatlve )

_'categorles to classrfy these questrons..

Ty
L

1] What does a llght-year measure?

- '[2]-.':What tOplCS would you ltke me.to cover in 0ur next planetarrum show?

[3). Did you hear my ldst questton" -

* ”

[4] Based on your abservations of the setting sun durlng the last- two weeks, where do you

-, predict it will set one week from now?

. "[5] - Would you:like to be an astronomer when you grow up" '

[6]" Planets certainly aren’t as’ hot as stars, are they"'

- 4-&'
. & ]
. . ‘\ '
L : Categories . Elxarrrple Numbers
. — //- ‘. W~
) s
- "l_

N, . C

: Y )‘A' ' S . e
The valye of categorizing questions is - - .

to increase your awareness -of how.different

questrons can‘ stimulate different. kinds of g
’ thmking by the visitors, Onge question may
flex their, rnemones, another' may challenge
. them to deeper thought, while a third may
- encourage them to ‘make their own value -
. judgmentg. This. ran e of mental actlvrty is -
"-‘.I'j certainly worth cultiva ng.. : .

Most planetarrum mstructors ques--

~ tions do not achieve this range. “A research

.. study by John T. Curtin (relbrence on page

'.4( N
J

-109). of 38 planetanums found that 98 per-
‘cent of the questlons instructors asked of
- visitors required only information recall. By
_ examining Your own. mix of questions, you -

will be able to increase the range of ques-

-* tions-you ask, and-thus increase the range of

1éntal processes strmulated by your plane- L

" _ tartum programs.

‘Questions can - be’ assigned to many .
valtd “dets of categorres The categories you .
- have proposedr are- very. likely.
represented in the followmg classrﬁcatlon.

to be




SR - /As ‘part of a strategy, ' direct-.

. 38
e scheme developed by- Lawrence Lowery As
you’ve probably observed. in- devising your

,own _categories, no scheme is- hkely to be
entlrely satisfactory to . everyone, but the

particular catégories below are the result of
“much testing and revision, and are qurte

usef ul

J

‘TYPES OF QUESTIONS

Narrow |t Bew - ] Other

‘Direct Info’ | Synthesizing | Open-ended

Feeling ' | Rhetorical | Mah_agerial

* Narrow Questions - -~

_ A narrow 1question --has- a certain
"correct" answer or- a limited number of

. gceeptable 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: .
dlrect-mformatlon questlons and synthesrz-
ing questions, -

a. Dlrect-lnfo’manon Questlons‘

N These questions requrre the visitor to
recall -information or to recogmze mfor:ma-

tion that is readily at hand I T

./~ Examples: - . - ' o
" "Which planet is farthest from the sun?"
o -"What does a light- year measure""

©'What did’ Vrkmg drscover about hfe on
Mars?" . ; ~

Such questlons are useful if- you want
the visitor to recall a fact, define a term, or
- 1dent1fy\somethmg seen beforl Response_s
to direct-information questions will often be
one word or short answers. Questions that
can be answgred "yes" or "no" usually fall -
into this Cattgory. - - L

_ 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 of information upon which 1
new knowledge will depend.  These ques- -

| b Synthes:zmg Questins

- predict |t will set one week from no

.

tions.are generally effective at the Deginning -

of a program to "set the. stage" or to
emphasize  certain  pbserVations before
: .proceedmg to analyze them. :

These questions require the vrsrtor to

- relate mformatron ina specrﬁed way
- Examples ' oo ‘
_ "Based on your ‘observations of thz setting

sun during the last two,weeks, wher¢ do you -
t‘)tl .

"Using shadows on the moon’s surface as a
gulde, ‘which lunar features do you ﬁnd to

'bé the talIest"" o _ .

"If the astronaut is ten: light- mmutes 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, assocrate

or state relatlonshlps _
¢ To respond to synthesizing questlons, E

"~ the ‘visitor must know certain facts, be able -

to associate- and put them together, and
describe the relatronshrps m hrs or her own

\»words :
) Sinthesrzmg questrons can be used to
help

isitors pick out -similarities and
differences, classify, use prevrously learned

. information in a new way, or develop in hlS '

or her own terms an idea that you have sug-
gested. :

o
)




‘Broad Questions -

“A broad question has a wide range of
accepta _responses; when you ask a broad .
" question, you are "hoping . for . unplanned
divergent outcomes. There are two types of
5broad questrons
: questions.

' .a Open-Ended Questlons

These questions allow the yi'sitor to

explore freely in his or her own terms,"

" . 'without restrictions’ and with. only minimal

- - guidance by you, =~ Sl

| Examples

" "Why do you think anclent crvrhzatrons

. created their own systems of constellations?" *

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

~*What is your conclusron about UFO’s after
- hearing these reports?" -

Responses to open-en_ded questions"a're

" use-to find answers are selected by the. visi-~

L "-,'_'I_tors themselves. ~ | - - .
T A 9{} of ‘a strategy, open-ended

W,gyestrons can broaden the field of study. and-

suggest new. approaches Open-ended ques-

tions allow you to develop an mvestrgatron

'_through questions that don t lrmrt the possr- :
ble solutrons : : .

¥

. ! .
b Feelmg Questtons
Feeling questions ask the vnsrtor to

~express an emotional attitude rather than .

" .make a purely obJectlve response
. , i

Ei(amples

'_ "How drd you feel when you first 1ooked at
- the ririgs 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?“ ; B

open-,ended ‘and feeling

*Such questions are useful if you want
- the, visitor to formulate an opinion, share
_ feellngs, or become aware of the feelrngs 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- crrtlclzed

.‘ 4

 Other Types. of Questions )

. . '» .o “'V . . . . .-" . ] . ’ . g
.~ . There ate at least two other kinds of

" "questions commonly used in the plane-
tarium: rhetorlcal questlons and managerlal‘

questlons

8 ‘Rhetorical Questions

_ These questions are used to relnforce q '
" . point or to. provrde emphasrs '

B

rarely? spredictable, and the methods visitors

Examples: = - -

"Earlier, ‘1_told you that a light-year is a

measure of distance and not time, r|ght""

- "That is true for most of us, isn tit?"

o . "Planéts certainly- arent as hot as stars' are
 they?" S

When ‘such questions

responses are sometlmes given.
Other questions' can function rhetorr-

“cally when yQu supply the answer or when
~ the question is not followed by enough time

' -,_-for visitors to. respond

_.-thrngs moving smoothly.
C Examplesg, '

b. Managerlal Questions\ _
' Managerial questions are used to keep

y o ,

_ nCan everyone hear9" L L :
~ "Will you please raise your hand |f you wis

to speak "
"Who needs _more tlme to ﬁnd therr constel-

latron?"

. ‘are asked,
. responses are not really expected- although

) \\”"

TS
o




* | ;B. 'A_'lfractioe_ 1n Class_ify_ing Ques_tions

_ A method that~ you might ﬁnd helpful % |dea (synthesrzmg) If the question is
" when trymg to identify and classify - ques- § broad you might ask yourself if the ques- -
_"tions is to decide first whether the question tron requires: 1) free and undirected mve’str-
" is narrow, broad, or other. If it is naftow, gatron (open-ended); or 2) personal. opin- =
decide. whether it is direct-information or* - Q,lOﬂS and emotional responses (feeling)
-synthesrzrng If it is broad, decide whether .
it 'is open-ended or_feeling. If it is- other,

~~ opinion will often occur about how a given™
-decide whether it is rhetoncal or managerial. -~ question should be classified. = This

is -
. 'When - deciding - between . drrec_t,-- ' because it is sometimes difficult. to know \
. information or synthesizing questions, you . what the questioner’s intent was. However, ' .
"might find it helpful to analyze what type of - discussing these differences of opinion can .
thinking the question requires: 1) recall an\/ ‘be very useful both to fantiliarize yourself
recognition  of  informatior® (direct- ‘with the various categories; and to recognize
_ information); or 2) analysis of clues and/or - the ways your planetarium visitors can -

PR 4

mductron to arrive. at a partrcular answer or K misunderstand_ what is expeoted of them.

.
.

&
LY

_ Please classify the ten numbered questrons on this transcrlpt “Record your deqsrons by'
- checking the approprlate boxes on the followmg page.’ The ﬁrst two are already marked on the
. chart as examples. . - - - e o : .

’ I "Good evenmg As our planetarrum sky darkens, can anyone recognlze the. Blg
- () - : o
" V: "Oh, I see lt""Yeah I seeit too." - - e

. "Okay, will you please take thrs lrght pomter and show the rest of us where the Blg
is™ (2

I: "Thank you. Well that’s the Blg Drpper Just about all of the stars that we can see in the

ipper\?" ,

sky ‘belong to groups like.the Big Dipper; and people have been naming. the constellations \for_ -

_ .'Ilust about as long as there have been-people Why do you thmk people do that " (3)
V' "Worship." . :
L ”Okay, worship; that’s a good possrbrhty What s another?” (4) .
v ”Togoplaces - SRR o ! I \
I: "How would knowmg the constellatlons help you to go places?” (5) o ‘_ - \
" ”You’d like to know whlch way to go from-the stars. Drrfctrons - ‘

I: "Yes, knowmg the “constellations ‘does help' you ﬁnd your way Does anyone know how to .-

.. use the Big’ Dipper to find whrch way is north?" (6)
| v | do, I.think." S l

+ - I: "Okay, will you show us please"" (7)
- Vi "It’s this bright one at the end of the handle of thq big drpper, the North Star.”

I: ”You ve got the rlght idea, but the wrong star. . These two stars at the end of the bowl point
. to the North Star, right here.' Then, once you’ve found the North’ Star, look down at the hor-
izon just below it. - dlrectron is north. kay‘?" (8) -

_ | eon o

..éx"‘ - L
1 - 4
' q , .
i N .
K

‘During the workshop, drﬂ'erences of s

L
,rpper,_‘




tions for worshlp, q ' religious :reasons, and to find dlrectlons
-“tocate sGmething yoy’re familiar: with, like the Big Dlpper ln the sky”" (9)

\'H "lee I'just Saw 8. frlend ! "Good " : :
RO & 1l tell you what. I will give each of you a star map and let you find the constellatlons nght

‘

.‘\

"How do you feel when you

_ ';_ .

here in the planet rium. Is there Jone. w,ho has not yet recelved astar map”" (10) . ;_ K
e -TYPES OF-QUESTIONS S
’ e S .\»' o . . S o Ak .
..} ¢ i Nerrow Broad - Other Sa)b .
. ‘Direct Info/ | “Synthesizing -] Open‘éended Feeling | Rhetor'ical'__ _.'-Manager'ial A
\@ . ; B . . _
] s‘ S .
Q". ::' | N — -
7. . \ A . ,
g R
ol S
‘o - ! L
\‘. I ‘.'e i
\\i .\i;\ _ - _ a

iluming this section of & planetarium pr_ogram was typical of the entire _pro#_ram., please
analyse he instructor’s questlomhg strategy: ‘\ ] A

- 1..13 the range- of questlon types: ahd the kmds of thinking' they st f‘ulated satisfactory? How. ‘ -
would you change. the mnx" ot \ ST - v

! : : . R\
\ - L . . \
. | : : . !
A \’at specific parts\oﬁ this series of questions could be improved?
. o P . L . . ,f. ® . . . e . : T‘_ ..
SR _ ;, __ _
\\ . ’ i‘ - ‘ -
t» o
» R |
-3. What other general c?mments or suggestlons for. lmprovement ‘can be offered to the instruc-:.
* . *tor in this case? L - g SR

. .
) S A I : . : o0 .
Rk . L / ' » 'y . .
Y o v ' . ) . ) . . . : ’ .
o ) .
.




: "Qu_estions_y‘u ask_your visitors may be -
~ placed ‘in different sequences - to achieve

different objectives. - There are many pgssi- -
ble questioning strategies, but you will prob-

‘ably find it helpful to identify just a few that *

work well for you. Here are two example'S'
" One st\tegy begins with narrow ques-
h

tions to give\the visitors an opportunity to - -

show what they already kdow, or to make

C. Sequencing Questions .

~ Visitors to make comparisons

~is illustrated'

a

d notlce_ f

relatlohshlgs Once they undefstand the -

- basic ideas through these narrow quéstions,

the "visitors ‘can ‘be. led. to think .more
creatively ‘about the topic through oper--
ended and feeli lihg questions. - This strategy .
the following sequence jof .
questlons asked by a ‘planetarium mstruq(
durmg an actnvrty in whlch the visifors -

or - -

* some.very simple observations. Then, after ™ .
- some of the facts have been established, you -

. can ask synthesizing questions to lead the- - programs
'_ . .. ;.v‘. . - N .' | ‘ ..I.
: S Direct | Synthesiz-- [ Open-
" \ - -t Info | ing ended °
’ . _ : . e ]
‘What was the main color that you |-- - S '
observed in the hydrogen gas? -What | '
colors do you recall from the hellum gas.' .
- jtube? - o
2. How do the colors of helium dlﬂer - ' ' ' o
l‘rom those of hydrogen" _ ‘ ' i -
/ 3. What colors - do you see Jn thls.‘- \/

"' _.artrﬂcral star? ' N

4 From your own observatrons, what-'
kind of gas do you think this-star isymade |
of? How did: you determ‘rn_e that"_ '

——

S. Ho\y might this technique of studying e _ S - ) .
- stars.help astronomers learn more about 1 : - ' '
the umverse"

line is a visual representation of one ques-

" tioning strhtegy Do the same for the other

sets of questrons on the next two pages.

{\ dlﬂ'erent strategy can mvolve the

[ ]
.".\ N [ % _, v
oo

Then, o
This

~trated by the following sequence

. Classify each of the above questions by -
\_checkmg the appropriate column,
draw a. line between the checkmarks..

visitors in open-ended thmkmg from the-_-. .
These broad questions ¢an be fol-  , =
lowed by synthesizing and direct information .~ .-

outset.

questions to .examine the implicgtions and .-
details of the topic. This strategy is illus-
pf ques-
tions asked after a planetarium gramatrga-

“tion of several claésrcal UFO sightmgs




Syntheslz- | open-: | " Feeling
ing a4 | ended - [

11.- Do you feel ihatlpﬁ;:' people wh;,_{ v
report UFO’s are being honest and report | .

exactly what they see? ¢ -

LCT— <

2. What dre some dlﬂ‘erent explanatnons N
you can think of to. explam these unusual 1
-sightings?

L 3

3.  What fnrther information would you ,
| need’ to decide ‘if a weather balloon or [
plane is involved? :

" 4. 1f you observe a UFO, what i_nforma-
tion will you write down? -
R o

B

- Now 'develop:y'our own questioning. strategies for ‘the _two.-_probl_e'mé that follow, . - -

Problem #1 Suppose you have Just presented 8 public program summanzmg the US space ‘pro-
gram List a sequence of questions that would lead the vrsntors to consider the potential uses of
a permanent space colony ’

. L oo o ' ' "Dia '_ Syntheslz[ " 'Open--
o~ | Info. " {ing




-

. 4

- Problem- ;#2 Suppose you- 'have Just bresented a planeiarium'program in which you illustréte
.many of the characteristics of the planets. List a sequence of questions that will allow the visi-' .
tors to dlscover fqr themselves why some p‘lanets have craters and others do not. - .- T

’.

. Direct = Synthesiz-.| Open- ‘
Info ing | ended - i
L
2. -. v
.. . ceme
\ A .
- e
3. o ' '.',‘.
1 ’ 's ' o/ .-
! . J_
5. " R
. J

“

N _-D._ Recording and Tmproving your Questioning Strategies .

_ The methods descrlbed in the preced-
ing -pages of this module can be directly

« applied to planning- planetarium programs.

_ However, even_the best-pla'nned programs
.take unexpected turns, To improve your
. questioning strategles '(or .such real-tlme

sntuatlons,

' audlotape one or two of your planetarium
.. programs and then analyzé your "live" verbal
lnteractions with the audience. - ..

When . you

i

analyze your ‘own
AR - .

it can 'be very valuable to

audiotape, it will not be necessary to make a
complete written transcript. It will be use-

ful, however, to write out anq 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

.questlomng strategles R o
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" TYPES OF QUESTIONS

T e

L 'Using Wait Time

Y

Perhaps
many. feel that unless someone is talking, no

~ .one'is learning. -

bit'longer after a question is

Research lndicntes th

o ~‘Most instructors wait only one or two' -
seconds after asking a question in a class
before ‘they ‘either: 1) call on another per-
- son; 2).ask another- quesn{)n or 3) give the
“answer to the question themselves. . B

/

“r

1f’you wait a -
ked, there are

- .observable diffagences in the behavior of the -

-two -

‘people being asked thé question. For exam-
- ple, if you wait only a short time--one or
visitor -+

, responses result These quick ’responses are

‘seconds--then . one-word

~.
-t
.
3

1971, and Rewe, 1969, in' the am]otated- '
btbhography age 111 ) :
|
P S . & ey

- RS T 1o }
Nggrow o ' _Broatl . L . Other
K Dirlct Info . Synthestzmg- Open-et.lded- - Feeling Rheforical |- fManager_tal 1
N . [ —_
il . ‘..,//_ il
v
. I N
P - “
. ' :I . -
e - E Respondlng Strategles sl L , |

often guesses, and are seldom complete sen-

tences or contain . complete thoughts, If,

however, you wait for a longer period:-four

to si ix " seconds--visitors tend to respond in
whlle sentences and ‘with -
thoughts There is increased speculation in

85,

complete - '

. thé-visitors’ thtking, and they tend to jus: '
tify answers more fully. -

Sometimas a four to six second waittng
- period seems like an eternity, but wait- ttme
“research sugges& great value m a;tjustmg to

.. this pattern. For more information- about

this research, see references to Moriber,

&4




- the visitors

'Responding to Visitors’ +
_Ansv‘vers' and Comments '

No mattef how carefully a- sequence of

..questions or- activities is .planned and exe-
cuted, no srgmﬁcant thinkifg will occur if

wrong .or "stupid" in front of others. How
you react ind respond to their-ideas early in

are. worried about feeling - .

the planetarrum program is crucial to the -
degree of participation-you can expect dur--.

mg the remamder of -the program.
Your response\to a visitor’s. commenp

. should be in_harmony with the question or
.task ‘that preceded th¢ comment. For exam-

ple, if you ask ‘a. nayrow question (direct

" information or synthesizing) a positive .or
negative comment on.the visitor’s answer is .

. . there ] n _
: "Thes:ﬁ)ur people seem

* reddish star moved, but at |
-disagrees.

ing responses are described i th

: several visitors have said or q(iye.

' that you have: understood it..
" response is non-jud

- whether or not lt moved "

expected- and approprrat . However, if you
ask a broad questton (dpen-ended or. feel-

ing), neither praise nor criticism is appropri- -

~ ate-and t¢nds fo inhibit fukther participation. -

A more approprtate response to an answer

_to.a broad or feeling question would be an

accepting response. Three

paragraphs o

" Exam-

“of response demonstrates: n

" have- heardy the visitor’s, essa
Thrs typ of
fental and -encourages

further parttctpatton Examples of actt e .

~ acceptance are: / -

#'What 1 hear/you saying is that water on
‘Mars could Have soaked into the ground, so

e Martian life ugiderground."; #

| t-one person
Pérhaps everyo

this one star next time to try. and‘ deetde .

feel that the .

_should watch

- :as ‘well as ideas.
~_response, you indicate that you havé,heard’
* and appreciate the visitors’ feelings, emo-
--.-tions, or behavrors Examples are: - -

o

' Empathic’ acceptance involves feelings

By giving an empathic

"I understand why you are upset with money

wasted on poorly-planned government pro--

. grams, including some space research."
- uDonrt

feel embarrassed about
difficulty understanding Einstein’s theory of
relativity. In- many ways it is. contrary to
commbn sense." R

)
. ’.‘ .
Replying to
Visitors QuesYlons

_ " Often’ slides, " activities, or .liliscussions-
provoke ‘questions from the vis
program. Whether or not

. the planetar
the:. questiomj1 are pertinent to your next.

point, they usually are related to the topic-'-

for information, while maintaining the gen-

- eral-flow of the planetarium program. This is".
. hardly an eéasy task, but the followmg’
_suggestions may help .

~ 1I\Sometimes a short factual answer. is ; all
;_.that\a visitor. really wants. For example,
. response to the question. "How far away
- the moon"", you might resist the temptatton

'.?

‘to define mean distance and instead reply
""about a Quarter of a million miles away." -

2). You can\sometimes.invite audlence pagti-

E crpatlon by ‘admitting. you can’t ansxvéJ

"I don’t
- know what Native: Americans calied 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-

ra
.visitor’s question. For. example:

the opportunity for further
instruction. For exangple: "You can answer
that.yourself by lookrr{(z1 at your star map.

\ Which part of the horizgn is Leo closest to®
_\Okay, "then that’s the .

ook tonight to find Leo the Lion.! -

irection you must .

" having ;.

ors during

~ at least dn the visitor’s mind. It is impor- .
- tant, therefore, to-satisfy the visitor’s need g

.




L PNV

Llsten to\an audnotape of a plahbtanum sh0w that you presented. (You can use the same
tape that yeu m\e ‘to study- your questioning strategnes) This time, attend to the responses R
_ comments, 1deas, and questlonsv~ Classnfy each response by. S
-‘ checkmg the relevant\box below - L

“'that you made" to ‘the visitors’.

.‘\"

wait time -

adequate

P

4

.

--Thllle_s

Sy

—
| should. be longer

response to

visitors’ -
: answers.and . - |
© -+ comments.’ . .
e ST ""E
g},,: ; , & .
a4 . ~

\oat 3 BRI

| praise

criticism

passive acceptance

. ‘/;'

)active acceptarice’

. .t
-

-| empathic acce'ptanceg

. replle_s“h -
visitors’ .
questions . L

Y

v

'| supplied answer

suggést_ed strategy

— b 7 oy
"don’t know" S : )
. L T . 0. S
. L -
_f’.
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R} Whnch kmds of responses weére used most fre;mently" S I A L

»

; ‘v
~E
. S . e ‘ o - s Y R L .
3 - o . B R 4 R . L Lo

3. How did visitors react to_diﬂ’eren,t'_kinds‘o'f 7zsfo‘n'ses?'f R v S

‘a

4 ‘Are there specnﬁc srtuatnons in which a dlﬂ‘erent reSponse might have encouraged more p rti- -
crpatnon" W - o /.

L~ . .

~7

Toa
r .
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MOdule 6 K - g
CTIVITIES BT
THE S
., This module wiII enable you to select, adapt, and invent activities that visitors "i N
R I 'can perform during the planetarium program. . . s e R
:. S - oo ; . NS T e o
Hearing about science, seemg itillus- - We will examine a range of activities,
o tra{ed and talking about it are fine--but few - -‘some suitable for general :public shows, “and
. experiences of hearing, seemg, or tatking - .- others. developed for " students. at specific

" can equal.. the . excntément of actually domg "-‘grade “levels. -Activities can be used " for -
iy \smgle-wsnt programs/ as well_, as for-

sctence‘ ' Lo _
The cote of a "parttctpatory onented_ h ;_,nmitlple -unit classes. .. '
planetanum (P.O.P.*) .program is .an, *’. Section A describes three typncal activi-
act\wty that qulves the visitors in the pro-. . ties ‘that have been used successfully in
cess: of -science.i By discovering- somethmg .. single-visit programs fof the public and for :
about . the ‘universe through their own  schools. Section B suggests how to use our .
actions, the planetanum visitors con?e clo‘ger .. categories of orgamzatton reasoning ability, t
 to the real exper;ence of sclence/' E .. and - question - strategy .to heip you select: - '

o Actlvmes proVn everal opportumttes " activities'  appropriate, : to . -any audtence :
* 5 for learmn’g thiat t avatlable-in"a prox Finally, Section Cupro\udeS« detatls on 20 :

> ,grai that is’ buré didactic. . As an-instrue- . planetanum aCUVmeS . _
“tor, you can o'bs e 'the dtfﬂcultte§ your < . R .
, r gwmg you valuable feed-

e (ses Module 1) - The ws:tors,,have more
s oppb:tumty to sbecome _directly -involved -
) th the Subject and to” interact” with theoa
ffuctof-"(as “discussed in- Module 2).
cluding. activities in the program egables
. plu to-Organize the planetarium experience. °J
. “~in’a variety of ways (as discussed in Moduie'
3),,, and perhaps most. importantly;, concrete.
- e)(periences re often essential fﬁi‘?eople of
Y all ages, to"- un(ierstand information. in" an.
" unfamiliar area (as dnscussed in Module 4),
* Tlie POP acronym was’ co ned by several pro- -

v .- ponents,of the_technique dp g the, August 1975
~ . Planetarium ociation of Canada meeting in'

. Tofanto i q N B N Dkt e -

~ The onginal members of théi POP. group . Planetarium . visitors ‘~observing  gas,

. - were Jeanne Bishop, Dele Ethertdge, Samuel Far-- *  * djgcharge  tubes through “diffraction graty.:
rell, Jane Geoghegan, Ron Hartman, Paul Knap- -  Ings. After seeing the charactensttc coldrs

-'penberger, Randy Mullin, Tom O'Brien, Ren . o
. lowin, Dennis-Schatz, Lee Simog,, and. Roger . -of - hydrogen, helium,. ‘mergpry vapor, . ands

- Woloshyn, o o ~ ‘argon, 'thé visitors can, idenufy the composi-
: : B “tion of an unknown "star : S

. AN

- .




B .}"”ObSBfVQ one of “the ‘thiee  candidate stars,

You can rnvent an actlvrty by thmkmg' '

about” how . the scientific information that
-you wish to present was drscovered in the
first"place. "Then, rmagine how some aspects

- of that discovery ‘could be shared by the"

For .example, in planning -a pro- . .
_gram about Mars, we began by thinking
astrorfiomers  have - made

visitors.

about how
drscoverles about Mars in the past. Eventu-

ally, we .decided on -three -activities thgt ..

would enablee the visitors to rediscover
" information about Mars from the viewpoint

. of astronomers living at’ ‘widely separated .

hrstorlcal periods.

", 'The.Mars drscovery actrvrtres form the -

core. of. the planetarium’ program, "The Red

Planel Mars," “included in Appendix D..

Below, we have briefly summarr;ed three

actrvrtres from that program. - After reading -
e each, example, think about how you ‘might
use'a similar approach to communicate con-

- cepts that are of" current mtercst te-you.

. Example # _
Flnd the Planet: Activity

The .instructor explams that the .

ancient * Greek astronomers did hot ha\ve

telescopes so to them stars and planets
‘looked just the samé. They observed, how-
. ever, that a few: "stars," including Mars, -
.- wandered among the other stars from night

to night. They called. these "wanderers," -or

"in Greek, "planetes," whrch is the orlgm -of

our word "planet."

To discover the planet Mars in- the

planetarlum sky, .the- visitors ‘are asked to
ﬁnd a reddrsh or orangish Star. After.three
Mars candldates are. pointed out by the visi-

. 1018 ‘using a portable ' light pointer, the
' mstrucmi‘ asks fiow we might tell which of

these stars is-a: wanderer. "See, what the sky
. looks- ltke a few. nights - from: rrow," "Com-

. pare_with thé stars around’ lt,, are sugges-,
f’-"ttons from the dlence. ‘ :

Q

ence \mto three« groups, ‘each assigned to

Next ’llle mstructor drvrdes the audi-

A

. oY 7 A Inventing Activities- .. ‘i

e

-

- __time (by "ttrrning daylight up and '"down' .

several timgs and advancing Mars i mconspr-

'0uously) the. instructor asks each group to
* "report on whether or not its star "wandered"
" -amorg .the: background stars. . Dunng two or "
three such observation perrods the visitors

have -an opportumity to. check each others’

results, -and: eventually” agree on which of - |
L th;: three candrdate stars isTeally ‘Mars.[ '

, '._ - In: the’ ab0ve activity, the visitors - are

not told by an authority-which of the brilli-
ant’ red stars above them is Mars. . They dis- .
coVer»rt through: their own colléctive efforts.

" This™: kind * of -activity ‘not only teaches . ~.*

a specrﬁc facts - (planets were defined and .-
detected by motion. against backgroundaj"' I
-stars), but may make a significant improve- 5 -
ment in vrsrtors’ attitudes toward science in’ =

“ general. . Here is a chance for’ ‘people who -

“may be shy or frustrated about science to

experience success: They can do science!

Whpt other -naked- eye phenomena can B
visitors to your planetarium discover, with
planmng and guidance from you?

e

Example #2
Mapping Mars o
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 s encountered - by Mars .. |

observers like Petcival Lowell, visiters are.
asked to draw a map of Mars whrle looking

at an image projected onto the dome. To . '

simulate the e,ﬂ’ects of the BEarth’s atmos-

_ phere, - the. rmage of Mars first passes.

through a rotating plastic * disc unevenly

- smeared-with vaseline. One fairly clear spot - -
- on the disc provrdes one- especrally clear
" __moment of "seeing" every mrnuté

When the visitors are: finished’ drawmg,
they are inyited to ‘compare. maps wrth therr
neighbors’. . - L D T

. “-

oane,
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’century The Great Qanal Debate whrch‘ _
. raged among the ‘scientific community at .- ..
that. t|me was a direct’ result of the ambigu- -
ous data. obtained by observing Mars . .

e
Vlsltors find- that \aome maps mdlcate .
: strarght lines and markings on the surface of
v+ 7 Mars, while other visitors’ maps show no
o . such features. Discussions naturally develop
about whether these features are "real” or

' ’due to. observer: etror of- the" dlstortron
.caused by~ the Earth’s atmosphere.” The>
instructor. facilit§ges discussion among the
visitors to decidé 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
durmg the dlscussron The general idea of
controversy in_science can be examined,

through the earth’s atmosphere. .

to play the role of exobiologists who' wor](ed
during this period, whe\n the . exrstence of
" Martian canals was a serious- posstbllty W a

- did they survive under conditions -
- Earthlings would consider hostile? The

_ What other observations-can your visi-
tors make through simulated or real instru-
© ments in your-planetarium?

vive in: 1) lower gravity; 2) thinner atmds-

'~ experience on ~Earth, There ‘is no smgle
- "right answer" to thls activity, since ma
. different ideas are acceptable. ' This act‘rvrty

The Mapplng Mars Activity in the pre-
vious. example enables the visitors to_ experi="

ence the difficulties encountered by astrono- -
mers during the first half of the twentieth

- Example #3 |
Exobiology Activity ‘in-science, guided by the rational evr

but open to lmaglnatrve invention.
What other designs,

tions can visitors create th:

astronomy or space travel?

nce

.

1\ X
. A_ﬂf(.).

AN Y

o

_ — N —
. %
-lnvent a being’ from -a Mars llke planef
which has: 1) weaker gravity, 2) thinner

atmosphere, . and 3) colder weather- than
-Earth, - ' :

_Here are some being'sltfrom"the planet Earth

The leTt-hand ~picture is provrded to vrsrtors for the exobrology actrvrty The box at rlght was
oompleted by one of the visitors.

. In _the: .
“Exobiology. activity, -the visitors aret invited - -~

phere and 3) much colder weather- than we .

If there were ‘canal diggefs, then* how
hich
visi- -
togrs each sketch their ideas ‘about poslsrble*-f-'
“creatures that were naturally adapted to Sur-

‘demonstrates the potential for creative play i, f,; b

odels or %n;yen- '
are relevapa tot

»

e

;‘,.
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. © « B ®B.Clasifying Activities - - .

- . . ' . . . fr .

: ~In. addition 6 inventmg new actlvrties ‘
for a ‘particular” pt‘ogram you wish to pro- -
.. duce, it is often pogsible to select or adapt

_ " activities that have ieen developed by oth-

i ers. Collections of ideas for planetarium -

L “activities may be fqunc[ in Undér Roof,

‘Dome, and Sky, issues of ‘the Planetarium
Directors’ Handbook, the Planetarlan and a
=i, variety-of other sources (see Apaendix C
Bibliography,. sections- 1,3,4, and § for
- detailed references). Twenty " additional
. \ rdeas may be found m the next section' of
thls module. ' : i

__ “After selecting or .inventing a\ small .
group .of activities that might be . incor--

_ ! - .. . found it useful to begi'n program planning .
' by categorizing each activity accordlng to the -
ideas presented in ,the previous - three.-
' modul% ' orgamzation scheme; ‘reasoning
~ ability level; and questioning strategy.

The diﬂ‘erent classifications are useful

_porated into a particular program, we have .

g

_>=maintarn variety. The categories are not "
irontlad especially for activities that have

several parts and can be presented m many

.-Wayza A
, tterns ‘of Organ/;anon as described in .
.Module 3 help you to visualize the ways that -
. the visitors and instructor interact during
. the -activity. Thinking -about the possible

choices of patterns. (i.e. didactic vs. socratic,

" small group-vs. individual task, group meet-
_ing vs. informal discussion) may also sug-
“gest ways of modifying the activity and may .
. helpyou work the actwrty into your. overall_:

: program '

Most activities are task oriented-
(either fpdividual or small group), but can

. also be classified as didactic ("Watch what I
~ project on the dome right here”) or socratic
(mstru'ctor leads individual visitors step-by-
©step through an dctivity). '

To practice classrfylng actrvrties list
the ‘dominanit pattern of organization for the

% .7 in determining the suitability of an activity . three Mars activities described in the. prevﬁ-»
Ce , .. - for a particular audience and purpose, and to 'ous section P : _
.t /‘/ . . .‘
: . - - LS
. ’l N . .
b , - o N Pattern of Organization
. Acti:' ity (dldactrc, small group or individual task mformal dis-
L . cussion, group meetmg, or socratic) :
- N Find the Planet S :
o .Mapping Mars .- b : ,
\ N ) o / :
- Exobiology -
l§ » - : / / ( "
o . .

: v ,
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_'r"-»"2)_' Rearoning Levels, described in Module 4,
B of visitors.

help ‘you- to consider the level of ‘reasoning-

ability (egoceritric, concrete, or formal) that

the visitors must use in order to perform the'_

activity. Thml’(mg about how to classrfy it

T may also suggest ways to modlfy the actrvrtyq

*o -y
4 s

to make it understandable fo a broad‘r range

How would you classify -the three Mars |

activities according to the minimum intellec-
tual level -required - to perform them as
mtended" : : : :

.o

_ Activity L
'xd'. N 3 .' . - -.v

(egocentric, concrete, or formal level)
' coe . Tl

" Reasoning Lér_‘el ;

. A

~ Fjnd the 'l;l‘ailet_' j

5 Mapping Mars L

| Exobiology -

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 sime

- categqries developed for "questioning stra-
ge

. tegies’ in Module 5 (direct inforation, syn-

' thesrzmg, open ended and feelmg) '
. } -

&

eaéh 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 synthesrzmg

a/le

Decide what Activity Strategy dominates

“activity, requires- -a result obtamed by follow-. '

s |
L Activity Strategy ,
= " Activity - |
i . ._ e (d/rect mformation, syntheslzmg, open ended or feelmg)
‘I ) . . ' : )
- f— — ' —
. " Find the Planet w
; 'Mapplng Mars - )
Exobiology - Lo | ' _ *
. . . - . . o L ‘ : A
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ing a prescrrbed strategy Open-enJed
activities have many "acceptable procedures

for the visitors to express. emotrqns

Now ‘compare - the ‘way" you have -
classrﬁed the three Mars activities with the .

_".way othe TLpeople in the workshop cl ssified *
o them. -The comparisons probably ill strate
‘that some latitude in rnterpretlng c_atego_nes

¢

k]

On the followrng pages -are twenty

~idpas for activities that-can be performed in -

the planet\arlum They were contrrbuted, by
“the partlcrpants in the first five trial
workshops that were " held during the sum-
mer of 19?8 These . activities can be
- adapted and combined to produge a variety

. of planetarium programs, or they may serve - -

asa sprmgboard for entirely new ideas. -

To make it ®asier to use this collection -
©of actlvmes we ‘begin this section wrgr a

two’ page index. \To locate ideas that relate

- C. A Collection of Activities . -
fQI.VPlanet_ari'um Progr’ams: ‘

X

to a partlculag subject refer to the major o

topic categories. v . ,

Part I acnvmes pl:esent a number of ..

phenomena like' the planets, < meteors,
. comets, and variable stars, which the visitors
L -study } plottrng thelr\observatlons on maps

~ . . . ! L r : e
. . A Lo . s
. N X
o . (4 . . . IR \
S . R )

is unavoidable. Slight' differences in intes-
“ “preting of category definitions, or in the par- -
-and/or results, while feeling activities allow .|

ticular 'objectiVe you stress for each. acti’vity,
~can result in different chorces We hope you !,
gree, however, that the general outline is
felpful A program that is mostl§ individual
ask, formal, and synthesizing, for -example,

jwould be useful for quite a different purpose _'

‘from one that is mostly. small _group task
concrete and.open-ended. .

" \

A

and'charts Part- II concerns distance fmeas-

- uréments to the stars. The.activities in Part
- 1II relate ‘to scientific commumcatron Part .

IV includes agtivities with. phenomena. "
- related to the da(i)y ro*n of the earth, and

yPart- V. “includes vities related .
phenomena-that require a- year or longer to

observe, like the seasons and precession.
_ The index progides further rgforma- :
tion #bout each activity in the three
‘following the activity .names. . .
- column lists the Pattern of Organization, the

The first

second, lists the Reasoning Level required of

 the visitors, and the third lists the dominant - -
© Activity Strategy. As illustrated. in Section - - -

lumns -

. B, an. individual activity may be categorized L
in ‘more” thaii ong ‘Way depending on how

you present it to the visitors; or the kind of

responses you are wrlhng to accept ¢




* Title -

_ "o . Invent Ca
Identification System

¥ )

'St'ar__'

Organization . -~
" Pattern 4

- ta_s'kt

small

3 Reasoning 'LqM'

group -

- Part [PLOTTING CELESTIAL OBJECTS AND EVENTS - ¢

2

.

Activity Strategy.
a ] .

- _concrete

~ gynthesizing |

#2 Using Your 'Flst-,asv a

Measuring Tool -

.'.inqii/idtiay.tas_k

-

conbrete/ '

s\y_nthesi'zing |

. Meteors

#3 Plotting th® Paths of

i

L]

_ individual task -

|~ concrete !

- synthesizing

#4 Retrograde Motion of '

'Mars-' S

individual task

i

~ concrete

synthes_izing

#5 Plotting the Path of a

r Comet {

'..'t" .

_ individuai taslg_, _

' formal

synthesizing

o,

'#6 Ob l‘ving a Variable
.Star _

‘Part II ‘DISTANCE TO THE STARS

. in_di_v'idual task -

-

" concrete to for-
" mal

synthesizing -

’ .

#7 How Far' Away is that _

Star?
Y

indibidual task

fofmal L

s}inth'esizing

"'#8 Using a Blink Com-
parator _

.individual task "~ |

. concrete -

direct infe !

Part Il SCIENTIFIC COMMUNICATION" " -

. | #9 Mythology: .Exp_la'l.'ning socrafic  and ~.concrete . synthesizing
" the_ Unexplainable group meeting S - and feeling
: i oy P . ' .
R N 7

CETI

#10 Design a Message for

individual task __

~ concrete:

. open-ended |




' Orgdrﬂzation
Pattern

', -Reasoning Level . Activity Strategy

Appear to’ MOVe? o

#11 'Ho Does the Sun’. $individual ta's.k. SR _‘concrete- -, direct 'info-'_..'--
Appeart Move" b N o ' Co : :
. S
{ - il
#12 How Do the ,Stars- | individual task- [~ - concrete - direct-info

. hY

!

Time by the Stars" )

| #13. How Can You Tell.

“individual task ° -formal

direct info -

Vi L

our Latltude by ;he
,Stars" S

#14 How Can’ You Tell *

Part V. YEARLY MOTION: - . -

 individual task

-// .

-, synthesizing

Days

| 415 Long’ ﬂ)ays, Short |

e ./'/

,indi'\_'idua_l task - - egosentric

e,

direc_t info -

Rise and Set in Diﬂerent
Shasons? : .

#16' Where Will the Sun -

" individual task . o v'concréte;

- difect info

#17 How. Does the Siifs

sons?

* | Path Change With the Sea-

“individual task | " formal

g synthesizing

#18 Diﬂerent
Diﬂ‘erent Stars

Seasons,

- individual task, | - formal

“and socratic

o

lrect mfo

#19 Find Your

. “Zodlacal
Constellation

/_".

. small " group

task

concrete. . direct info

N
\

Barth’s Axis - &

#20 Precession _of. _the. |

ind,iv’idu’al«ask .

foymol [ ., synthesizing




. Matertals: chpboard pencnl
_ sheets of paper. - for each team Readmg Y
: hghts » : :

'.S_.y.stem"A'; -
o,
o ofeemE
. -N"G- . .'“m;'r pe‘
.t\\u o7A
o

. _X\ "'Mqu

Acttvnty #1 INVENT A STAR IDENTIFICATION SYSTEM

\ } recordedbyLeeAnnHenmg : ‘
o . ) ‘ / .'_...,_;A \" U '

B

' \

; '. .Objectlves. The visitors will mvent a system
~ " which can be used by anyone to. ndentnfy_' .
stars in a gnven constellatlon :

‘Procedure. The instructor dlvndes the visi- -

tors into_an even numbér of teams, and

. assigns a “constellation to' each team by cir- - .

cling constellations ‘with a light _poifiter .in
the planetarium sky. Each teanr is asked to

- invent a system for identifying individual.

stars m the constellation,. so that-anyone else
can use the system to locdte a particular star

from a verbal designation. Reading lights are .-
turned on so the visitors can wnte whlle_ '

vnewmg their constellatlons ' h

- After-éach group: decﬁles on a system,’
.they .are asked to- _record it on paper and

.w“

s '&h\'kﬂ

xe \\U’\.\,

.ﬂumm

Todpwl
‘o Smaey

_Q..‘J'lt?Sé' -

- Problem: "Find Mimi." .

4‘exc_hange ) With": another team
finished. - To test the effectiveness of their -
system, each team is asked to specify one |

and .blank _' X

-
<

I e T T e T T
*

rpw—,

by N
AN
. \<

particular star according to the method they

--devised. The other team has to figure out
~ thé -system, identify the. correct. star, and. - -
. point it out with a light pomter to show they
~understand how the system works.

At the end of this phase, the instructor -
asks the visitors to be seated, and.asks gach
" 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 galactnc o
. wordmates, etc. ) . '

System B :

~
-~

\
<«

[]

.

~
ﬂ
)

~ .
£

-~ .
[
<

T
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Problem: "Find Star 11

that . has
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- s%n with a standard; the concepts &f "angle"
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' Act1v1ty #2 USING YOUR FIST as A MEASURING TOOL -~ - ‘.
e recorded and lllustrated by Bl” Lowry S A.__v."-’ o
{ . . _. ,..l‘ N | . ‘ |
-‘ 7 “ o o // | . moon Does that help?" When the visitors . \

reatize  that they need a way to measure a
certain distance to the east, the. instructor
‘explains how to use fists for this purpose; .
~ "Reach out with gne hand and point to tHe .
. moon. Now ball up your hand to make a
fist, like this. Close one eye, and line up the

~ Bottom of your fist with the eastern side of
the moon.* Just to the left of your thuml? is .
the star I want you tqlook at." - I ‘

Next, the instructor presents-a pt‘ob- o
lem whlch requnres "the visitors to "stack"
one fist on top of anothér to complete the
measurement. For 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 ohserver
“will affect the measurément in the plane-
‘tarium, so it is important that the moon isat:
the zenith-to minimize the dlfferences in the -
- visitors’ measurements '

A ‘third act1v1t)§ mvolvmg measure-
ments in "fists" begins by dividing the visi-
" tors into several teams to measure the dis-
tance between two stars in the planetarlum
sky. Members of : eaqh team' take tufns
-standing on the same x-spot, and each team
averages its results. If the two stars are near . . .
.the hgrizon, and each team is.successively
further away, the visitors can compare the
_results of each team and discover for them-
- selves the dependence of this measurement "
on distance in the planetarium., :

. It is. fnstructlve to follow up an actnvnty -
: .,llke this- by *having visitors go outside and

bjectives. The prlmary objectlve is for the
1sltors \to be able to use their own fists to
easure. the angular separation of twop points
in the sky. Other objectives include: learn-
mg the notion of measurement by. compari-

d "degree"; and the ‘mverse relationship
tween thé angular snze of a given object
and its distance from the observer.

"Materials Planetarlum pro_|ector set wnth/

stais on, moon High in the sky, and .light ' - fq that real celestial objects are-so far away
pomtel’ ready. -, : .7 . 1hat mieasurements-in fists (like the height ;-

- Progedure: The visitors are introduced to _ of the sun gbove thé horizon) do notdepend. .
the | ne¢d . for: angular measrements by a " noticeably "on where the obsetver stands. = :
séri s;of questions: "The planetarium, dome .~ With this understandmg of how fists can - -

~is closa ‘enough to- touch. What abgfut the functlon as measurement tools; visitors dan -

. (%‘S: e sky? Suppose I wanted to, pc/ﬁnt toa - . “‘measure a large-variety of positions and
patgigular star. In- the planetarium I can use. . ‘events (see for example the Elementary Sci- .
my ﬂashllght pointer, like this; but will this - ence: Study unit, "Where is the Moon?", .

: pomtcir work outside? Why not?. J{/ell sup-\ (referenced in -Appendlx C, Bnbhography, -
pose 1 tell you the star is to the ast of the SectlonJ ) S e
L ' N

L




Obj:fhves.
metgqQrs in the panetarrum sky and / plot
“meteor paths on

they- record, the ] isitors will be able to dis-

in, space (cal} d a "meteor  shower") ,and

visifors w11 -
. 'theSe patterns.

- Materials: 1) For each partlcipant one al-
sky map for current season, chpboard

pencils (any two colors will do as long as
_ they can 1t
; 'readrng light); 2) reading lights so the visi-
tors’ can serve meteors and see their. sky
‘maps sim ltaneously, 3) a commercial or
-‘home-mac

projector for comparing visitors” data. -\’

.- Procedure Thrs activity ‘begins with instruc- -

tion and practice in using the sky map (see

).- During this portion-of' the,
vlr)ﬁurs identify a bright star

- Appendix
actrvrty, the
'\ that il later
' meteor sho; er. \-

" across the sky: "What was that? A falling
. star? Stars don‘t really fall.
‘use the scientific name for falling st

meteor.  Meteol's are bits of rock and m al

" that are ﬂoatlng around in space, and fall to

.'atmosphere as-they £all."

- 'Then, the i ‘tructor asks the visitors
fo wa

radrate from a single 'point -

ppear: to. be’ random. ‘Some
e -able to explain v_vhat causes'~

._straightedgé, and two differently colored

seen and distinguished in the

ade meteor shower proJector, 4) a .
~ light pointet; and ) . Ebptronal] an opaque -

procedure \for "Constellations Tonight," in .
- space?"

sed as the radiant of -the |

As the onstellation ﬁndmg part of the -
activity winds to a close, the instructor uses
his or her pointer to make a bright streak

Today, let S

“earth from timeto time, burning up in our o

.the location and diredtion of - any meteors

~they see by drang a| long.arrow on their
sky maps to représent the path of -the
" meteog The instructor|uses his or her light
pointer to create . thrti,e .or four random

- w.meteors, *To find out What part of the sky

_the meteors are coming from, use your

- strarghtedge to extend the arrow backward
on your. map. Do these meteors seem-to - - . -
or. faom

come from any special pomt
dlﬂ"erent places?"

. Next, the mstructor vt/u.vé on~dayl|ght e
‘and explams 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 v1s1tors using
another color pencil. "Now ‘extend the
arrows ‘backwards with your straightedges.

Do they seem to come from one point ory-
~ from all over? Does anyone have any idea

why we saw more meteors tonight, gnd why - - |

they seem to come from one ' oint in

To - explann the . radiant- of - meteor

- showers an orrery or slides may be used to

show .a swarm of meteorords orbltlng the
sun. When the earth passes through one of
these "gravel pits in space” at the same time
each year, we observe a meteor slower on

earth ‘The meteors seem to come from one
- point. in space. for the’ samer reason that. -
. parallel railroad tracks or telgphone poles

seem to meet 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 any direction.

~ [Note: For visiting astronomers, disti uish -
tch the sky ery CIOSely, and to record N ’

between meteor, meteoroid, and meteori¥e.] -

B I
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| Acu{ty #4 RETROGRADE MOTION OF MARS PR A
s ) o !
L recorded by Garry Qeckstrom .
.'.'\,.-*‘j : '
3 = .
- : 3 ’ ¢ LR
v | | 4 _ ’.-;7 o Co N e T
- Objectives: The visitors will nlot the succes- ' " Materials; 1) ‘For each participant: a8 sky ' '
sive positions of. Mars over-.a two or three " map of a small region of the sky, clipboard
. ~month period. From their data, the visitors \ and. pencil; 2) reading ltghts so visitors can
will learn that the path of a planet some- " ‘seg the stars and_their.ggaps at the same:
" times . ap ears- to 'form a loop among- the R tmie 3)a planetarlum projector and -a com-’
: stars Sgmie_ visitors will be able to e p_lair_i : mercial or home~made Mars projector; and e
. this "apparent ymotion as due to the Karth- 4). ‘[optional] an opaque projector for com- g
“passing Mars _in_its orbit. .. % ' . parmg visitors’ data B P kS
- - o bt M.
* v .
.‘ P *a '
» . - ._ ' g
(. . ': '_4 <
SR
| R N = g

sky map o(the constellation Leo. 1.

¥

b

'Pi'ocedu'te. As described in “"Constellations

>-Tonight" (in Apperdix : D), the visitors -

| Visltor s data sheet for thls activity isa ..

L

\
(-

M

. begin with instruction and practice m how: to .

- use the star maps; with thg Mars’ prOjector' o
oﬂ’ Then the mstructor turns. up the day-. L

* One’ ‘visitor’s record of Mars path over a

17 week penod " . A

s _v . l. .. '
+light ‘and - explams’ th‘at "We wnll now go

: backwards in - time to when -Mars- lasth.
- appeared in the constellatiogs on your maps

_As 1 turn down the lights, see if you
__Aﬂrtd what appears to be_ a bright, red lSh

. i'.‘ Tt - - e




e dot," . L

mark its position on

sta;, an _
rtte the twmber T nex to the

'adot

l M

Aftel\ the lnstructor checks to be: sure

"~ that everyone has correctly identified Mars ’

-he turns. up daylight -and advances annual
""motion .one week .
“venient integval).
- visitors mark. the, new position of Mars on
thetr maf)é& ith a dot, and write ‘the: next
*-integer. "

““comfpletes. ifs retrograde loop and begins to
) move out of the mapped regton

Af’ ter visitors camplete thetr plots the
“instructor, asksthe visitors to connect .the
'.numbered ot wlth. one*line, showing the
. path ol‘:Mars,,and 6 compare the paths with

.'\1'

3 \

-.(or _some other con-
As the sky darkens, the"

fie process. is repeated until Mars”

..

their nelghbors Then ‘the \mstructor asks
for voluntgers to describe the path of Mars.
Finally, the instructor asks the - visitors if

they can ‘think of several dlﬂ‘erent explana—
tions for the looped path

- o This - activity "can be followed w1th
- activities to show the geocentric (em&cle_) y
- ‘explanation, and" the modern heliocentric

explanation - (thats 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

'retrograde motion in both the: geocentrtc

and heliocentric models.. (see reference to.

'Holton in Btbltography, g 108)




" best tb prepare a- special map s owmg'-"

'Objectives' The vnsntors w1|l observe a.

comet in the planetarlum sky and- plot its '-
path on a star ‘map. From this experience
they will. learn that comiets 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 pomts away from._

_the sun. - ; o -
MateriaIS' 1) one sky map, Cll oard¢ and -
pencil for each visitor; 2) planetarium 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 m
* brightness and p03mon

~.Since an all-sky map for .theﬁ particula‘r_ se' s

son is distorted near the horizon, it m

the: portion of the sky where the,qdpel is to
‘be projected--covering. about - 90 rees. to
120 degrees in azifnuth, Horizon references

- like trees or the. cardmal pomts may, also be

included. -
P{ocedure. Befpre the comet- hunt activity,

_- . the visitors must«learn how to use the star -
" maps by locating constellations in the plane-

tarium sky. Especially for younger visitors, -

it may be helpful for them to draw constella- s

tion- outlines on their star maps, so that-the: "~ -
. comet may be plotted against an -easier - .

~ . frame of reference than the stars alone, - '

. 'I'he instructor invites the visitors to _'
. joih in- a "comet-hunt® by watching for a
" fuzzy object in the #ky. As the instructer
- _.gradually turns up- the brightness of the

. the sun.

Actlvxty #5 PLbT'l;ING THE PATH OF A COMET -
: recorded by Edna De Vore -

“comet projector, one or. two.visitors will spot
_ the comet and pdint 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 dayllght

. 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. Thls process is repeated several || .

~ times. - - _ - ST e

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 }he sun. In addition, the

~ comet projector is ‘qrierited so that the tail -

always points away from' the sun,
~ When. the visitors ﬁmsh ‘plotting the

- comet’s path the instructer winds up the
e actnvnty ‘with 4 series of questions: "How did -
- a_the brightness of the comet appear to

‘ ‘change? How' can you describe its path

* through the sky? “What did the tail look
-like? How dig it change" Which way dld

. ‘the tail point?" 'Then, after discussing the

observed facts, the mstructOr ‘may provnde

answers for visitors™ questlons about the . '

nature of comets, and the reasons why they
move as.they do, get brighter near the sun,
and have tails that always pomt away from

O

<.
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. stars [Figure'A, projector 11;°
" tor to place a- variable brightness dot of light . .
" in Leo with similar fuzz and color 530 the

stellation Leo to label the maémtudes of five

planetarium stars. Any single’ &mltlple
slide’ projector- can be used: as '«%f

" brightness is varlable A meﬁﬁ'ﬁ'

-or plastic serves aS

dlameter
bnghtness Vs

tlme aph cllpbqf

pencil. for each visitor® [Figure Bl an,d’ 4 a.

set of slides ‘that will help the visitors apply

the binary star model to :théir observations -

[Flgure ClL To buy materials, see page 96.

Objectlves. The ‘visitor will observe a vari- -
able star.in the planetarium sky and learn

“how to: 1) measure’ its brightness by com-
" paring it to ‘standard stars nearby; 2) record

its brlghtness for several- nights on a bright-_

‘ness vs time graph 3) discuss star’s "light

. “curve" by comparing "observations with Sther
vrsrtors, and-4) interpret the light curve by
. inventing different models of the star, and - .
’ seemg how the models ﬁt the data..

_ Actnvnty #6 OBSERVING A VARIABLE STAR

i

2) a projec- -

'Materials: 1) A slide showing five numbers ’
that can be projected over part of the con-

recorded by. Cary Snerder and Alan Frre’man R

. T
\ L3

1S

Procedure: The instructor points to a star in

. the constellation. Leo and explains that "Two

* .. can-add another data pbint.
.. continues until the.12th "day." By setting
the dot projector in a pre-determined pat-

photographs. of this star, taken on different

‘nights, show that it seems to vary in bright- -

ness compared with the sprrounding stars,
It’s our job, as variable star ‘observers, to

- find out. if the star is really changmg in

}ﬁﬁ its

; ' - -the constellation Leo. The numbersécor-

brightness, and if so; how it changes y
" So that- the visitors can measure ‘the

-numbers 1 through 5 next to certain stars in

‘respond to.the approximate magnitudés of

_ these: stars, The -visitors are invited to esti-
" mate the brightness. of the suspected vari-

brightness of the star, the instructor projects - '

o

able by - deciding “Wwhich nu bered-star is

-closest in brrghtness to the vatiable.
- After the visitors understand “how . to

- measure the ‘brightness.of the star, andvhave

‘made their first estimate, the instructor
brings up dayhght and hands out brlghtness
-vs; time graphs, The instructor "demon-

~ strates how to use the graph by projeting .a
. ~slide which shows his first hlght s observa— o
. tion plotted on- the graph. :

_ ‘While the visitors are graphmg therr
" first observation, the instructor resets the
: bnghtness of the variable star projector (Fig-
“ure ' A),
. second night’s observing. The 'visitors esti- -
~ mate. the brightness.of _the variable, and the

then dims the dayli Pht for the

ipstiuctor turns up daylight: again 8o visitors

Tlils process‘

tern; the mstructor can simulate any desired

light curve. The sequepce of magmtudes-- :

"113531112321--will result .. .the
~light curve. prctured in Figure B.
' ‘When' the. visitors are finished, they

. | draw a line through the plotted points and
". . compare with ‘their nelghbors results. The

_instructor. helps .the visitors. descrrbe the

~ there any.dips in brightnes
" you:find the first dip to be _ 27
3?7 47 37 1 notice that nearly}il of you said

lestions; "
.How many of
.low as star 27

light curve by asking leading

.

. [Figure A. Arrangement of materials for

"Obéervlng a Var’iable Star."

S
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Figure C. ,Sample slides for interpreting -
: "eclipsing binary" light curye, ————————p- .

an

4 or S. What d¢ you think we: shoold ogree-"l

g :,, on as the bes } estima'te_' for the brightriess'of
the first dip? : '
' the . vrsrtors have discussed -the

o Aftef
. -shape 9 the- lrght curve, they are-invited to o
expla‘n it. Often visitors mention clouds or

" pol dtion that. might cause the changes in
" brightness. Somg visitors suggest’ that the

/star itself might be changing, 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

present only 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.

——*"obsmmg for another twelve days and dis-
cover that the pattern. of alternating deep

~ and shallow dips is repeated, -or the instruc-

" for can just say that the pattern has been

. studied by other ast’r"onolners who find ‘it
repedts over and over. -

Frequer;tl-y, the visitors propose the"*

_, eclipsing binary star model--that two stars
. are circling each other.  If the visjtors do not

o ya-riable ‘dot of light*we see, is really two

. [
. . e we & c wi*
< & L b \ , :,‘ L . T
‘\ ‘ oot '}. . ‘.

"stars very close together. 4
between depths of the two dips, for exam-- .
. ple,. can be explained as due to the.-

" Figure C.
. Changes have been exaggerated to make

generate this possibility, the instructor can
. suggest it and show drawings to illustrate
~“what we .could infer ‘f we assume that the , -

»
. = ——
b ._U.nequa‘_l\si ze Stars .
. m
[VE]
: =
| &=
X
L B
Jre. ‘-.'-',_05 ‘
i

TIME (Days)

difference ‘in brightness. between the two
stars. The sharpness of the dips can tefl 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 thrs actrvrty
program, .

satisfactorily in - a - single-visit
("Black Holes and Other Strange Stars") for

“junior high to adult’ audiences, and “with

gifted_ " youngsters” in upper elemel\tary
school, The actiyity is partlcularly valuable
because amateur astronomers  contribute

. -serrously to the progress of astronomy. by
*“keeping track of variable stars, ‘through the
If there is time, the visitors can continue .

The difference .

- American  Association . of Varlable Star .

‘Observers.

The variable star light curve pattern in - 4

is . actually quite unrealistic.

measuring the curve easy for beginners.

- Topical light curves for eclipsing variablds
show. changes of tenths or hundredths. of "
Since . .

. magnitudesy, not several magnitudes.
the magrzﬁie scale ‘is also .logarithmic,

-ther® are gomplications in finding individual ~ -
totally eclipsing *
binary codld not. have thQ pattern shown--~
.. the seo&rd drp would be much shallower

magnitudes. A simple,




. .and how to use't
" star’s dlstance from the sun,

Activity #7 HOW FAR AWAY IS THAT STAR"

recarded by Mark Sonntag

" Objectives:

Materials° 1) star map showmg the region

- around:the zenith, a clipboard, -and pencil
- for_each visitor; 2)- readmg lights; 3) a large
data display board which is an enlarged- ver-

- over a grid of concentric cirtles; 4) two
“-slides " which -8how how the patallax angle-

sion of the zenith stai map \errtmposed :
‘relates to the data board and how to- com-

pute the distance to the star; 5) a\ "grain of

“The visitors will learn how to, .
- measure the para%x angle of a nearby star,

is angle to compute the-, ' a rheostat on th

wheat" bulb_suspended on a wire\about a

‘'foot below the zenith of ‘the pieh,etarittm -
dome (the bulb ?ightness' is controlled by

instructor’s. console); and.
6) a fairly.dim,
ing ‘the sun, in the center of the plane- :

‘ tarium, -

. 'Vlsntbrs should be able to’ move nf necessary' .
- S0 trtt they are.all roughly eqmdnstant from .
- . 'the center of the planetarmm :

‘Procedure: This activity begins by familiariz- . - -
.ing the visitors with how to use star maps -
“to locate constellations near the zenith., The

instructor can introduce the main topic with

*a brief historical sketth of the éelestial'

iffuse light bulb represent- |




. sphere concept' that all stars are. at the same
distance, attachgd tp a huge - -sphere.
only way to test this idea was to see if at

least one star could be found whlch was
- . closer than the others B :

. Before explammg how to measure a -
“star’s, parallax to determine its distance, the ~

. instructor mightsask an open-ended question. - :
- -about how we might measure the distance to.

" -a star. The activity begins as the instructor

- turns on'the grain of' wheat bulb and asks the
visitors to-observe it by moving their heads

from 'side to.side. The  visitors may be
‘invited to "describe tiow the star Seems to

- move back -and forth ‘among: the other stars, -

" indicating tha_t this one star, at least, is .
instructor .
explains. that "Since the real stars are so, far-

: closer ‘than ‘the. others. -The

away, we have to move our heads several
million miles in order to see even the

" closest stars appear to move back and _for;h.‘ -
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 dbserver

- on the earth at a drﬂ‘erent pomt along the

The - -

- Uniyerse,"

i earth ) orbrt The drstance 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 begin, please mark an "X" on_
your maps where that closér star appears .
'agarhst the background stars." ~ -~ - &

After- visitors complete the task they

- come ‘up to-the data board, two or three at a
" time, to_ placé their "X"s on  the board.:

These "X"s will form a rough cu’Cle, and the -

byynoting the ¢losest concentric circle. The

(This ‘method for computing the
parallax is conceptually !related” -tp Era-

tosthenes’ method for com| utmg the radiug

of the earth. | It is ’descrlbe in *Charting the
'The . University of
Astronomy Program, Harper & Row,. New'

~ York, N.Y,, 19§9'pp 30- 33;\ 63-73.) ..

7

Illmors,. .

r

~ angular size of the circle can be measured -

~ .instructor displays the next slide which. - -
~ shows that the angle they measured is equal.
. to the parallar{ angle of the star. Finally, the
last slide .asks the - vrsrtors Lo imagine a

“gigantic circle with: the star in the center.
" The parallaX( langle is used to determine the
. circumference and that figure is used to find
- "the -radius, which equals the star’s distance
" in AU’s.




- cession,

Objectives: The/Aisitors learn how to use.a_
blink compargtor to detect the motion: of an
object among the many bright stars that are
“visible. Visitors will also learn- that this
_discover. new objepts, like. asteronds, and to

" too.far away.- . .
. Materials: 1) two slide projectors; 2) two

motion: of an object (sdch as an.-asteroid or-

taken-six njonths apart that reveal tfie paral-

:'lax ‘of two -starg of different dlstances

- (Slides may be simulated views if necessary.-
_ The fitst two slides are placed in the projec-

‘star fields are: supernmposed) and 3) aq,

beams alternately, ‘causing first-one picture
then the other to be pmjected in rapid suc-
S (This device is descnb in "Bli

- . for a Nova" by Berf Mayer, Ast homy, ‘D

method is actually used by astronomers to

. measure the distance to stars which are not”.
‘< : "'~st'ars!"

" slides of the same star field taken an hour, .-
week, or even a year apart, whnch revéal the -

planet); and [optionall two-slides which are .

hand (or moving th%
hand).

tors, and the prOJectors are adjusted so the

occultjng device placed between the two -
projectprs so that the shutter interrupts the’

 34-37, May, 1978) Altfough a motorlzed
'shutter is most convement the instructor
. can also use his or her hand as a. shutter

Actwnty #8 USING A BLINK COMPARATOR |
( (ecmded bj‘) K/ngsley nghtman . -_'_ o j * .

Procedure: The instructor begms by intro- ,

ducing the problems-te d)scover new
_asteroids by observing their motions.

" problem is- that asteroids look exactly like

slide projectors, and explaining that ‘éach

projector shows a photo f the same ‘part of
“ the sky, but taken at dlﬂ‘erént umes o

The

~Then the instructor describes the -
" "blink comiparator" by pbinting out the two

" The' instructor thep turns on both slide ‘.
projectors, blocking ;ofie of them with hls‘

motorized shutter by,
He asks thé Vvisitors to watch care-|
fully for changes g5-he covers the first slide
pro_uector ‘and exposes the second. Usually,

.- visitors will not be able to see any change at

this point, so the instructor tries it-again,— *“f*’“
switching a_little. faster:~- Firially, .when the '
- ingtructi™e. ‘swifching or."blinking" back and
forth~1'ap|dly, the visitors' will easily be able -
. to detecf \movément of a single asteroid,
even'_amon a field of several hundred stars.

ok




This mstrument can.also be used to
'detect the apparent motion of a star due to

"~ the earth’s yearly orbit arcufid the sun. (See .-
. ¥ .. Activity-##7 for a quantitative approach) To ;
TN T '1understand the “principle of "parallax,” each ",

o 7 arm’s length, and pretend that it is a®tar. -

other,

: ‘ C . - |. our eyes are separated by a couple of |nches

i | We can effecti ely separate our eyes by a :

| [ ONCE uPON A T
LN WAS A GREAT

. By looking:at it with ‘one eye and then the
o the * visitors fan see it appear. to :.
. "jump" back and forth. This occurs because '

.\g |
£ THER '
AT. o o T

SRR

. " &‘,." |

* .

W,cduple of hundred mlllron mrles by bllnklng,."‘ o

" once now, and again in six months when the -

eart|
_large separatlon makes our |nstrument SQI’ISI-

‘very far away. To demonstrate the instruc-

- tor places two new slides in. the profé,ctorsx”
~taken six months . apart, which™ show .two'* -
- stars with noticeable parallax motion.- The'

'vrsrtors must |dent|fy the star. whlch is closer:ﬁ
. tous :

.-/‘.

.,_

»‘P'

b9 MYTHOLOGY EXPLAINING THE UNEXPLAINABLE
recorded by Gerald Mallon L e

.

v s+ AND.THE" G-REAT' G—OAT
LIVED HAPPILY EVER AFTER

is on the ‘other side of the sun. This _

Objectlv The visitors wrll

-, tunity to help create ‘a my
‘ratjonally a situation, and thes

to explain
to. see

WY from generation to ghgeration

A "myth" in th entify the

own ords. and
»._problelng.  of tra;!vmrttmg i

\vx»thout written recofd

ave an oppor—_

@ - “themyth is distorted.as it is passed on o?ally. B
After the. .-

e . 'program, thevisitors wilybe abld to define a’

formation

-Procedure: The visitors learn what myths-
* are by listening to examples provided by the -
. ,. instructor. -They briefly discuss the similari-
. .tres and drfferences m, ‘the myths, paymg

. 4 . .
A W
.s._ , R

e

- Materials: 1) 'v‘iting paper, clipboard,. and

* -pencil for each visitor; 2)-a light pointer jor \
“two; 3) slides depicting various cultural -\

" ‘myths that were created to explaln celestial

phenomena. E

7?

_ - tive enough to measure.the distance to stars’ -
* visitor is asked,to hold his or her thumb at -

ST



| partlcular attentlon to the Way the ‘myths . you can. After listemng to the myth' you
explam natural phenomena. . Vo - twill be asked to téll it to someone else " '
Then the audience is dwldqd mto e As the myth is read, the other vnsntors

small teams of up to six vnsntors, and each. 7/ are "told to listen carefully as ‘each , person '
team IS asked to invent. a- myth abput the a retells the -myth, and note any. changes that -
followmg -situation: "You are partl of an ' occur as the myth is_transmitted.” Once the :

_ancient culture that suddenly expernFnced a ‘. first “volunteer j‘as heard the _myth, the.'_.' .
/ very long and severe drought. T hls drought second volunteeryis brought inside ‘and given - .
lasted several’ months during the-summer, ~  the same instructions listed above. "Another '

. when_the Milky Way is seen high overhead. - volunteer is then brought inside, -and so on

The' constant cloudless hights afforded a .. until the last volunteer has heard the myth. *

. cléar. view of the sky every night. After  The last’person should retell the myth to- the
_ these many months, the rains finally.came _entlre ‘audience.

and the drought ended. Your challenge isto -

Finally, the ori mal m th should be
~“invent and record a myth to explam what X g y

rebeated for all of the volunteers and other

happened : .visitors to hear. The-instructor then’leads a L
' Two or three of these myths can be  discussion about how the myth was changed: =~ - |
. read by visitors' who helped to invent them. ~ "Dijd rational . explanations become .irra- - - '
. One of the myths which is ot read -aloud is tional? How did influences fiom our own
reserved ifor the next part of the activity.  culture- cause. changes? How reliable are P
. The instructor asks for-three volunteers who ~ * -.myths concerning what ancient people really - /
‘did not invent or hear that myth to leave the * . - believed about -the cosmos?" After recap- '
planetarlupl for 'a few minutes. A fourth .ping the important points raised by the visi-
volunteer is then given these instructions in  * tors, and discussing a good definition for .
the - planetlarlum "The speaker will tell you .. "myth," the instructor-encourages the visi- |
the myth_.ence. - You are not permitted to  ‘tors to continue studying - myths from
aSk.M or_to have the myth repeated. - “ancient cultures and locating those celestial 4
Try\to remember. as h of the myth as ~ phenomena that they attempted to'explai/’- /c '
» ( .
Ty .
. v - \
. . . - o i ) . . i ' N .-
e Act:vnty #10 DESIGN A MESSAGE FOR CETI |
\,
e \&ecordea' by Bill Kmsella C
- Objectives: After this activity the visitors - - _ Procedure: The program begins with pro- - :
. will be more aware of qualities that charac- - jected images of newspaper headlines pro- .
" terize human'e'ulture and,the problemis of ° ° claiming: MESSAGE RECEIVED FROM"
" communicating these qualities without usmg - .OUTER SPACE! As the imag ‘pro- o
.verbal language. . . jected on the dome, a dramatic ta ped news -'. '
‘Materials: 1) a large cllpboard with.several - .~ broadcast begiris: "Just hours ago, astrong-
sheets ‘of paper (about 16" x 20") for each  mers announCed that unusual signals were -
_team of 5-6 people; 2) reading lights; 3) = received from the region of space around
“{optionall a radio observatory panorama and = ~the star Zeta Orionis. We now take you to
 dramatic tape recordmg (see below); and 4) the National Radlo Observatory for ‘an on-
""a slide of an imaginary message recelved - the-spot report o - I

from the aliens. -

i




S .. - briefly “explains why -each subject was
N e - % 'included. The in?’ruqtor then invités each
E T ",-grQup to select ohé of the subjects listed and
¥ design a way to communicate the chosen _
s Tt o Tsubjeot as @ pidture.” The picture will later e
o : T be scanned by TV camera and transmitted to &' /
.~ '@ -~ -+ the aliens on the same channel as the mes- /-
T - -sage they senttous. . . . -
* o When the completed messages have®™ ..
R been posted, the astronomer can provoke an -
- gp.. . interesting disgussion by-inviting -visitors to -
. - 4\ interpret each’others’ messages before ask- -
" a® |\~ -cing for the: dgsigners’_intentions. The .
B ‘ - - activity can end With an opefi-ended discys- = ¢ ‘
\ - sion about the ‘gossibilities of 'lifcxoh other L
. planets, and the problems of communicating - e,
' . .\ with extraterrestrials. The program canalso - . - . -
. / ' ST \ . be supplemented with a slide presentagion of .-
' / e the messages-that have already been sent - ./
- N - (e.g. the Pioneer. plaques, and the message o
R - - -beamed towards M13 by the Arecibo '
radiotelescope) and long-range plans for

' / "4 - NASA’s CETI project (Communicationi with
- // ExtraTerrestrial Intelligence.) -~

. .- * . _The visifors are trinsported, via
- ' ' panorama’ projection, to the radio observa-
e ==~ . - tory;where-an astronomer -{the-planetarium

- ' instructor) points out the star, ZetgyOrionis,
.. 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® . .

" from the aliens. can also be presented, or- -

-+ this topic can be avoided to leave the. audi-

ence free from suggestions -that might -
influence their later activity. S
~ Next, the astronomer invites the visi-

. " tors to ‘participate in d historic task--to .-
i "design a message which will be sent back .
“towards Zeta Orionis. The instructor divides

~ * the audience into small‘groups of five or six .

. visitors, and askS each group to- list five. . .

- . important subjects that should be communi- - -
- - cated to the aliens. The rehding lights are

. turned on, and paper and clipboards are dis- .

* tributed to each team, o o

| . R qrae . /// . y.f | 1
et e e . =
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sy Actlvi{y #11 HOW DOES\THE §UN APPEAR TO MOVE"

synthes:s of i two simllar activities

A

' R '_ | ;ééorded by Jack Pemberton and B/Il Lawsbn ." - ‘, -

‘ _'Objecti'ves: The visitors -will learn that the'
" sun rises ‘in the East each day, "
" across the sky, and sets in the West. So, by

moves"

- . observing ‘the sun, .we can find East and

S Procedure: After a brief discussion about”
_‘what; directions are and how they are useful,
“the instructor explains that the sun can b'

- “Just prior to sunrise; 2) "M
-+ circul

‘West, wherever we are.
“also le!rn that even though it. looks like the .*

. sun is ‘moving, what we see is the effect of _
the-earth turning around: once a day. -

- Materials: 1) planetarnum p:}:ector set for -

piece of yellow cardb
wearing sunglasses painted on it; and 3)
loptioggl] a stool which swxvel?

used to find East and West..

// "Let’s pretend that it is early mormng a

" The. visitors w1ll_

Sun," a large
d with a face -

and we are outsidle wantmg for SUnnse " Star
*lamp o&low dim cove lights to leave some blue

light
‘come up.". Bring up twilight and then brighten
cove lights; notice f most of the visitors are
pointing -towards the twilight. "Why did you
- point in that direction? Does anyone know-
. what that direction is called? “That’s right,
‘EAST.. Now let’s see if you are right."

- Bring up sun qnd give vlsltonl time to cheer.

"Now, whiere to you think the sun will
set" What. - direction do you . call. ‘that?
- Right, WEST. Since we canymake things

happen faster in the planetanum than they ,

happen in the real sky,. let’s find out if -

- you're right." Rotate diurnal motion until the :

"sun is on the Western Hor/zon. o .

.8()“

oint to where yau think the sun wilé

gy e
B




introduces "N\

‘by his sungl ses. A visitor-is asked to help
'by- holding - Mr. Sun so-everyone can see

. Sun ‘appear to rise. and set as they spin

.~ him> All of the visitors are;asked to stand. -
- up and- pretend that their heads are. "Earth.”" -

. The rnstructor demonstrates how the earth--
turns in’ space by spinning on his or herc

axis, and- asks. the visitors to. ‘do the same.
The visitors - are then asked .to watch Mr. .

X around their. axes each "day."

N Durrng the last’ part of thrs actlvrty, the.

_visrtors sit down and Watch the instructor -
. model the earth, The instructor faces '
. Sun and asks the visitors to imagine people. - '
* living on the instructor’s nose, and to think"

, he mstructor then expresses dlsbelref _
that the btg sun-could actually move all tht
‘distance, *and .asks If anything else ‘might -
explam the daily motion of.the suit, After .

- - listening to the visitors’ ideas, the instructor _

r. Sun" who can be identified. -

~ could

D

AR \ T _‘ e o b .

of what time of :dayqt must be for those tiny
As the instructor slowly rotates he

ask the visitors what time of day it

peopl
. stops(} L
- is for those people at severil Wifferent spots. -
“Finally," the 1nstruct0r,asks the visitors to
~-imagine .people living in the USSR to be on

the back of his head, and to determine the
time of day forthem too. -Further questions
involve people . living on

N mstructor s left ear right ear, etc. -

‘Western part-of the sky.
- rise
Nort

An alternatrve ‘method of modeling.

'Earth is to ask a visitor to sit in a swivel
chair. -

the sun rise and set from their own point of
view, as they. turn around, before they are .

-asked questrons about someone else model- .

h

Actrvrty #12 How Do THE STARS APPEAR TO MOVE‘P —
PR recordedbyCarlRump EE f-,:\_

Objeetivés. During this activity the visitors "
“learn that most stars appear to rise in the

Eastern part of the sky and set .in the

Star.

. the planetarium. prOJector

" Procedure: Thts actrvrty may be performed- o
- after iristruction on thé constellatrons when
- the visitors - can easrly identify. ‘groups -of
- stars. Sections of the-audience are assigned’
i .to watch different grolips of stars as the -
' instructor speeds up time,:to illustrate how

" -the stars move during the entire night. The

‘a

: visitors share their-observations, _noting stars -
~~'rising in the East, setting in the West, and
- moving in great circles around the North

“Star.” Stars close: to the North Star don 1 set
atall'

‘the

The instructor can then rotate the -
~ "earth" while leading the other visitors in a.
' drscussron as described in the previous para-.
graph. In any case, the visitors.should see\

SR B o

: ,.75..’ | . |
e

PR

Other stars do not
nd set, but move in circles around the - .
The visitors -learn that this
apparent daily’ motfion: can be explamed by
“ the rotation of the earth." '

e Materials. ‘No- special materlals other than




Nexyt,, the mstruetor stops the motion

. ;.

e

PO . : '
i

liar with the daily and seasonal motions of

"and predictability of these changes; and

" lemrn about the procegg of te ing ‘time by .
‘the stars by constructmj a star \clock which

of the plagetarium prOJector -and invites_the . -

“N vrsttors to explain the p‘lotldn of the Stars by N

- pretending to be the earth spinning in space o

The mstructor demonstrates how to. pomt at -~ head as their "pole star."
: Lo : sit down they share their observations, and.

" volunteers attempt to-explain the apparent_

- daily motion of the stars.

‘star overhea

the relative

recorded by Vlctorla Llndsay

Objectives. The vrsrtors wrll becq(ne fami- "’_uses_ the po.inter stars of the Big Dipper.

. the circumpolar stars; dlscove?}.the pattern -

a star dir ctly m@rhead and slowly turn in *

place while watching the stars appear to
move in cjrcles. Bhe visitors are invited to

do the same, picking any star directly over-

Finally,

" "What .do
have in common?" ~An axis.

pointing as ‘i turns in-space.?" At the North

Star! This nption can be.demonstrated with '

a globe of th,_ earth in the planetarium.

A grOL’p of visitors who gasily - grasp.
'motion of the earth and stars - -

might be challenged to predict how the stats

. would appedr to move if we observed from
the North.Bole of the earth. After permit-
~ ting tlme ffor discussion- about what to . -
.. expect, the] planetarium ‘instructor sets ‘the -

After the visitors o

the l‘hstructor can ask the visi- -
tors to nam¢ other: spinning objects--wheels,
: merry-go-roiunds, and so on.
: 'these'o'bject
here was| your axis pomtmg when you
turned around--a few minutes ago?" At a
- "Where is the.earth’s axis

pro_|ector fbr 90 8egrees N Latitude. The

* . same procedure may -be used for predicting
" how the Stars would appear 19 -move when
'observed from the equator

v L
- .

. N
‘ - ..
'
. -

- _";Abtivrty #13 HOW CAN YOU TELL THE TIME BY THE STARS?

N ¢

~ .

}

Materials: 1) planetarium projector set for

- midnight, January 1; and 2) for each visitor: ‘-

one brad, pencil, clipboard, scrssors, and the

B followmg two- actrvrty sheets. -




- BIG. orvpmtoxsm;ions EIN TR TR B ,qg;qm’m 4 8.
- R I iaga'thq, clocky cu:.,wt :"i\q ivné’cﬁe%ov./ "hfu'-
) ; : SRR & .pointer slars aye thyy ‘hany /t’m;
2. bfad thiligh Polapis on”.che- Hands
. glon}t face. (You mayqlse” guma‘r
1 ,s:rengthﬁn *tho plic& """"R' }

sketcft th. .
Mg Dipper evdrv
two hom:! vt ’

'l‘o uh tho cloc‘\c.'- Coe e

) . ] 1) Be iura you lroﬂq} éﬁgﬂthe clock vuh "up" at’ thc

e Rt B ® top.. ¥ind. the dipper (n'%he sky, Turn the _hand yatil - :
2." Shtch g\,. ol 1 the dipnn‘ on the Glogk "tooks: Yikethe. dippet in thie, lky. :

313 D%PP“‘ GVGI’Y Fima ) ‘Now -coutit off 2 sections. Uo!’each fonth past January. .
ILOTE A RS m- 1s whetsa the hand pointa at a}’tdn;gl\t for- the :13\;
. R ofyur it..ia oW _{, ,.

£ “to find® the time of night cou. "

.!ct,lohs “befoke. ot after thig midi\,igh‘t ponition un:ih‘"

o -you' cdme ‘to .the dipper. N nymber- M seciidns You ¥

.count i the ndmb(r"of.houu be.oﬁ.m‘ a&ﬂr mdnmhu : b
® . : .

'-{.Q

o "Hengh h@g 3n 1& be not four “by the
daYi*I’ll be- hanged Harles® Wam is, o’Ver :
the new chnmney an yet Qur horse is ngt sey
" yet _ packed® "~ Id G 16 '
Shakespeg.res ng Henry v th’ W WBEO e leeye oy 'mam, hours tnonths) v
ithe positton of "e.to go all ihe way around? &
Charles Wam (wagqn)~ an’ ’E’r')'glish ‘name’: ERE: _
iofor th; Bxg%ptpper.» "To show How:to-uise the .
v‘*‘Blgr er t-sell time; pegin by j&ﬁw,ng the.. .
’v:sntors ‘observe and Skefgh” ‘the positﬁm of . When }lge ‘Is;to}s underaiand hoW? Athe Lo
. - the-Dipper at ‘twosheur. Tntervald: “Beginat -} Dippep appeals to"move from: hour tp: hour” .~ -
w _midnight” on “Jafibiary~ 17 and“have: them "< -and month to monih, hang ‘out the ‘secorid
T make three obsérvat;ons unnl 6 am): ‘sheef andm{olrpw the dirattions Tor biiilding’
RO\ B s;ng(. $tar  clgok-: (aboved. - This ™ " -
Bxg anpér at ‘two-mofith lntervals Mid- .5 1als 'be doriesin’ fhe classroom by e
it.on March:1,-May l?rand July 1.7 Aftef > nep]acmg th,e plan%af.ium;_ vith.an- umbrélla
opqhﬁ set of"observations, swp and .ask the ..~ th_sms ﬁamted“vo sd~onto "
o \’isitprs*tm -aiscns;t{hmr answers’ 10 “thg. fol-;. :
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Actlvrty #14 HOW CAN YOU TELL YOUR LATITUDE BY THE STARS" ‘ .
recor d by Brll Kobel Peter Chard and Paul Taylor
7! ‘G)Mecﬁves* l);mng thlS actrvlty 'the visitors. - Materials: 1) one globé of the earth; 2) a:
; “learﬂ‘ how to ﬂnd thelr latrtude by‘ measurlng, - worksheet for ¢ach visitor with the following
' ~ drawings; and 3) a chpboard and pencll for
'each. visitor, o
' 'P.hotoB_' o " PhotoC . - yy -
Y . N R
) a .‘7'. * e i
oo L o\ 1 - ¢ 4 ’
T N o g
. ) | S
e LA (. B
I’ e L
-~
. & horizonline ~ - . . horizon line 7 " .
‘ Pl‘ocedure' For most gmups of wsrtors, 1t is L explarns that each of the three photogra-- B
N L. probably best to ‘begin by~rewewm3 the daily . phers was. standing at a different- latitude. onr * °
.~'motion of, the stars ‘(Activily #12).” The . the earth (he or she demonstrates the mean-
Ll visitors ,should be. able to. gxplain. that the .' "ing of latitude by poiriting to drﬁ'erent lati- v, .
e s v earth’s’ axis pmnts ‘to- thé{NSrth Star, and . .tudes on the globe). "Can. you figure. out -_‘ e

"o L they. should. be.,t;&le‘to nmﬁ’ct that_the North the exact latitude of each photographer ’s
s Star Wouldd ‘appeat:. owerhead if we were-'at positio from‘ihese prctures" N e
- A Nogth - Pole'of 'the earth, and.atthé hor-  * iaqier .providing “sufficient time for .
'Z‘m-‘fws omm’j from the equator *‘individuals to work on the problem, the .
PR " instructor can -invite visitors ,¢to ‘work .
-an; " together, and/or grve clues to help ‘them
-'t,alcen by three drﬂ‘erent astronomers What . solve the problem' "What do you "need-to ’
constellations are- shown ofi-each? -Can you - ‘measure?" How can you measure in- degrees. C
“find- thé' North Star"" Nextrﬂhe rnstructor . on these photographs?" - o

Jige




-

- ‘of day for all four se

7

, . Objectives: Prior te'this éctn‘;\y, the visitors
have learned that there are four dtﬁerent._.

seasons, and that days’ are: shortest in the

" winter and: longest in the sutgmer During .
re the length.

the program, the visifors
ons.

Materials: A record or tapg of music wnth
rhythmic beats. ‘An espectally appropnate_
selectlon for young children Is "What Is the

_ Sun?". from the album Space Songs. For
- alder children -and -gdults, a métronome or"
“-clock may be more appropriate;

_ Proce'iure' “The
. "begms by demonstrating g speeded-’up S lar_
.. day.(To help the vnsnto‘s understand the
_ telation between the position df the sun apd
* the time of day, the instructor might ask: "Is
- it mormng or. afternoon now? Where will

the sun be when it lS noon?" ' 3

‘plinetarium  instr tor.

extreme on those dates Lo

. . "‘-.Act1v1ty #15. LONG DAYS SHOP«]; DAYS | _
\' S recordad by Sam Storch and Charles Neleson RS '

" Next, the instructor explains that he or
'she has set -the planetarium projector to’

.reproduce the first day of winter, December

22, and- that the visitors will measure the '

_lerigth of ‘that day by’ clapping their hands.
‘The instructor then _tur'n_ii)‘ri‘the' music and

. daily motion,‘and démonjtrates how to clap
.with the beats while counting out loud.- The-
\visitors are given a short practice Tun, and _

" the projectqg is reset to sunrlse

As the sun rises, the’ visitors: begm to_

clap with the music, _continuing until the sun . -

sets.” For upper: elementary and older

‘groups, the activity can be shdrtened’ by,”"
counting, beats until the sun redches the

.meridian ant then multlplylrig by two. The

 solstices and - equmOXes are chosen for this -~
-+ purpose since 'the differences -are - mostf

\

A

e~ ..




C e .

A

After the length of day is measured far |

all four seasons,- the ‘instructor leads-a dis-' | .
cussion ‘to help vrsrtors connect their obser- L
+ 'vations -with their own éxperiences. "During
your sur’nﬂler vacatlon are the fdays getting "

orter or longer? Just before Chrrstmas,v,
.ate the days very short or very long? How

. about in: the fall,- when you start school--are - "
the days longer or shorter ’han they afe at*

Chrrstmastrme‘7" :

* Activity #16 WHERE WILL THE squ{IsE AND SET.
' INDIFFERENT SEASONS?- |

Objectives Prror to this actrvity, the visitors

" have. learned- that there are four, different

" - seasons:

~ West.

They may also have learned that
the sun rises in -the East and sets- in the

During this)gctivity, the visitors learn
that the rising andisettmg points of the sun

* ; are different for di ertfnt seasons.-

Materials: 1) Arrow pointers-to be posi-
_tioned ,on the cove of the planetarium dome

" by the visitors--these - can be fashionéd .of - |

cardboard and hung by means of hooks or
Velcro fabric strips. Each ‘pointer should be

~ coded with a -nymber .or letter 'so each visi-

. tor can identify the pointer which. he or she

S

. ,4,

p.laced For large’ audiences; groups of visi--

~tors can decide on the position of a single
“pointer. 2 Oﬂronal materials are azimuth

marks every ‘15 deégrges around the coves
madg *with glow-in-the-dark tape, and data -

sheets’ for recordmg the positions of sunrise

. and’ sunset in' degrees for each seasor.

Prqcedure The mstructor explams that the

planetarlum ‘shows how the sky ‘appeared . -
“ - that morning, Just before sunrise. He or shie -
~ inyites the errtors to show where they think
1-t e sun. rose
i’somters«'ﬁt the cove of the.planetariumn, just -

that ‘morning by . placing

beloW the horizon. *The four cardinal direc-

- ‘thons atgefdrspldyed promjnently so the vrsl _

tors have a frame of reference.” - .,

) - As the sun rises jn the planetarrum -
e the vtsrtors can see if the;r predrctrons were

S A

rlght or’-wrong. °The same procedure can

then be used to predrct the- sunset posrtron

i
‘.

I

~ rise and set due East and West. This S
- sion. can provide a lead-in for proceeding to -
* the summer- and winter :frlstrces and the -

recorded by Charles Neleson and Sam Storch

This experience' usually evokes. quite a dis- 3
cussion since most people €xpect the gun to

ISCUS-

equmoxes to .predict sunrige and sunset on
those dates. : e

D

After th|s actrvlty, the mstructor may
stimulate the .visitors to think about how the

rising -and- setting points change )with the
. _seasens with questions such as: _
.. you think the.sun will rise next week? Next

__ ‘the sun reaches its southernmost (or north-
"+ ernynost) rising and setfing points?.Is there

month? How. long do wf have to wait until

_ajrother date during the year when the sun
will rise and set m the same place as it did
today"" N N : .

here do




Procedure: At the beginning of the activity,
~_the jnstructor describes how to use ghe pro-
* jection of. the celestial coordinates to plot
“the ‘position of an object in the sky on the

- data- sheet.” Then, the instructor explains

- 22) just before sunrise.. The Yvisitors apé

.data sheets where |

T

~ that the planetarium shows how the sky will
. appear on the first day of wintér (December/

asked to place light pencil marks -on their -
ey expect the. sun to -

. '. : - - ‘ e .‘ . . )
/7t .. Aqivity #17 ROW D@ES THE SUN'S PATH CHANGE - v
| ‘(. 'y . WITH THE SEASONS? o I

e recorded by Ellie Euler an®John Kritzar

N T P SR Lo

-~ Objectives: During this activity, the visitors’  Materials: 1) a celestial coordinate projec-'
- . plot the -daily path of ‘the sun on the spm- tor; 2) one data sheet, pencil, and clipboard
~mer and winter solstices and the Tall and for each visitor. The sample shown below, is

~ spring equinoxes. . From their own data, ~ adjusted for the latitude of 40 degrees N.

- they learn that: 1) the number of daylight For yout latitude (call it "L"), the altitude of" ’-
hours varies with the seasons; 2) the posi- . the -sun at noon. will be 90 degrees - L on '
“tions of sunset and sunrise vary with the’ ° the “equinoxes, 90 degrees - L + .23.5
. seasons;: and -3) the elevation -of the noon: - degrees on the summer solstice, and 90.
T day sun also varies with the seasons. ' degrees - L - 23.5 degrees on the winter sol-
K '?tu?‘ ' L .
) ﬁ,ﬁh 1A% '
¥ Ecdnp ; . "\'—.\H-T‘;! 2 [ LS
CEMBE ARCH . NE 22— ERZ3| - .
T Bl e Tl v e N R
' 1= —— e LT e
Y- OO | V) HLL) |22 Py I :;:_’1 :
g S beura houre || b |
BN 4 1 7 | — E——— — ——bure. -*—'—~w0: ' ) ,
.~ . Visitor’s data sheet for this activity- by John Kritzar and Ellie Edler

tor sfops the .projector for the  visitors -to .

‘¢heck theit. predictions - and mark the actual
position with a small “dark cirgle. The
‘instructor advances the sun, and the visitors

mark their data sheets at three or four other -

“bottom ‘of the page they write in the time
and - position ‘of ‘sunrise and sunset, -the
- hours of daylight ands darkness, and the
maximum heighs of the sun. “After a brief

. points, including :noon and sunset. At %he

rise and set that day, and a thirdi mark- = -, diseussign, the gctivity is repeated for the -
where th,’y‘ expect if to be at noon. L summer ‘solstice ' and' the fall and spring .-
. At the. moment of sunrise, the instruc- i e,ql_lmoxes,‘ ’ ‘ _': o N -
‘... ) . ' . B "‘_ _l . ' - ‘8 . o i o L . ) ’
! . ‘., l. Y . " . . . 4 . y,
O A
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Objectlves Durmg thls activity, the vrsrtors .

wrll find out why we see dlﬂ‘erent Constella- '

tlons at different times of the year, and they

- will be. able fo visualize the earth’s rotation .

e w—{on -its- -axis)- and revolutlon (around' the
- sun); They will alsq find out how a person 's

Actn,vrty #18 DIFFERENT SEASONS DIFFERENT ST%

ke

"sun sign" ds determined and why it is most

. -easily seen in the sky six months’ before or

after the person’s blrthday

Materjals: 1) & 100-watt hght bulb or other" ,'

- bright light in" the ceq,ter of the room

" Procedure?

- (perhaps mounted -on- the- projector pede:”
. stal); 2) tWelve signs (about. 16" x 20") with
- - the names of the zodiacal constellations.
“These can be illustrated with the appropriate
~ _star patterns and mythologlcal figures,

The instructor asks for 12

volunteers .whose birthdays coincide with

each of the 12 zodracal constellgtions. The
" yolunteers stand in-a large circle around fhe
planetarium cove. It is probably-easiest to
“do.this by naming each copstellation wrth its .
- associated birthdates ‘in ofder.

If no one is,

+ . . : ) [

- 'these motions as
. N '.

1.
recorded by Ke:t}r thnson

%

position should be ﬁlled by someone else.
- The instructor dlstrlbutes the signs to the 12

" volunteers, making sure that the order is.
- .correct and Spacings are gven. . ' -

The instructor. expjams that the’ llght

-bulb . at: the center of the room represents
_ the Sun; and asks for one mere volunteer-to
“‘represent the Earth, That volunteer is-asked

to ‘stand ‘between the sun and Virgo. The

- instructor explains that "This is.where the o
- earth is located il Spring." - _ -

_ Next, the mstructor addresses ques-
tions.to the other visitors to help the_garth

. _volunteer decide how to model the Earth’s
~ daily .and yearly motions: "If our volunteer’s -

head represents 'Earth, and we are located

near his (or her) eyes, how should he stand

Sp it is ‘daytime for us" Nighttime? How

" "should he move 5o a whole week goes by? )
How should he move so a whole year goes

by?" The instructor asks the Earth to model
they -are suggested.
E /I . Tt . : ' "y .

_ present to represent a certam srgn, then that S




" " Finally, .Iie\ysks the Earth to show Where"ﬁe .
S0 U would be ip the summer, fall, 'winter and -
. ﬂ' — K "~ spring, without actually rotating 365 times.

' h " On-the Earth’s secord" trip around the

segson and asks :which consteliations are

_ \ - the- ofher visitors to explain 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..- .
N0 ... the:Sun appears to-be “in" during each part
.,
..'_ﬂ_..__‘._ ) ' ] Lo e
Y . ' §

4

\ - - visible at night. The Instructor tan then ask .

| Zf the 'year.

i

see- a constellatloq while the Sun ig in direct

: _ - line with those stars. -
. " Sun, the instructor stops fthe Earth at each . .

" Individuals who have dlfﬁculty under-

" standing the concepts presented should have
* the’ opportunity to play the role of the Earth, .
80 they can see the constellations for them- . -
selves. ' Since this activity can be performed :

- in any’ ‘classroom, teachers cah provide this

. experience for their students before or after_

" they come to the planetanum

b

¢ .

Actrvnty #19 FINDING YOUR ZODIACAL CONSTELLATION |
recordedbyKentLeo T

' Ol.u‘ectives Durihg'this'ﬁctivity, each visitor

3 Procedure: The star ‘maps are dlstrrbuted

Tearns how to use a star ‘map to locate the
posmon of his or her zodiacal constellation,
.or sun sign, and leams to associate a mytho-
‘logical figure with the patternI of stars, After

this activity,- the visitors will: be able to ﬁnq.'

~their constellatlons in the real mght sky.

* Materials: 1) a supply of inexpensive star

maps for each season of the yéar; and 2) a
small hand-held slide projector,

with the star pattern, and one with a mytho-

logical ﬁgure drawn to correspond Wlth the_ '

star pattern.

according to birthdays. Those who have

birthdays in the. summer receive a winter
star map,” those with birthdays in the spring -

~receive a fall map, and so on. The instruc-

o

“tor ‘asks the visitors to locate their astrologi- . ..
cal signs. on the map, helping those who .
~don’t know their sun sign by asking. for. therr-

~ birthdays. -+~ L
8y. oo

o S
The visitors should be able to
ee for themselves why it.is not possible to

; and two -
slides fo each zodiacal_ constellation: one

53




their-constellations in the sky, while vrsrtors

‘ whose constellatlons ‘are. not ’vnsrble are'

mvrted to. help.

"When several sof the vrsrtors have

found their constellatrons, one volunteer is
selected to-point out his or. her constellatron

- in the sky.- He is then given.the hand-held .
slide prOJector and shown how to change. the .

+ ..scale of the prq]ected image by moving
v ~towards or away ‘from-the dome, He'is then -

. asked to superimpose the image of the star

_ pattern over the constella’ttron in the plane-, :

tarrum sky

—_—a

The planetarrum projector is-set for the' ST
“ ‘current season, and the instructor dembn-
‘strates how' to use the maps. Those whose _
constellations are visible are askedl to.find .

“When the volunteer ‘has. succeeded m‘

.'alrgmng the projecter, he ds shown how to .

move ' the second slide into. position “to

A drsplay an artist’s conception of ;the mytho- -7
“logical figure. over the star, Thls activity is -
. repéated for each of the zodiacal constella-

_tions. that are -visible, and then thef plane- .
tarium projector is reset for the next season. .
By the end of the activity,.all of the visitors -
will have _seen " their constellation and the -

figure it is supposed_ to represent, and kriow
when and how to look for it in the real sky.

Bl

K]

7

NOTE: Due.to p’receésron 'astrolog'rcal srgris o '
have. been shifted about one constellatlon ’
from the actua] star posrtrons :

Acttvnty #20 PRECESSION OF THE EARTH’S AXIS

N ]

~ Objectives: During this activity the visitors

discOyer that the Earth’s axis will not always

: point\towards the North Star, but ‘is slowly,,, '
- changlpg its orientation in space (precess- -
“ing)- wit) '

a perrod of 26 000 years

' Materia Readmg lrghts and a- crrcumpo- _
 lar star nap, peqcn am‘ cllpboard for each

VlSltOl‘

- Procedure: The mstructor begins by demon-. ‘
-strating: the nightly motion, of . the stars -
around the North Star. If the visjtors can -
- explain -this motion as the result of Earth’s
rotatlon on an axis which points towards the .
"Northi Star (see Activity #12) 4 then they are _
. prepared to understand this actlvity.

Frrst the instructor defines the. North '
Celestial Pole as “the posrtron {n the sky that

does not appear to move as the earth

rotates." The ‘visitors are “asked \to distin-

" guish this poing' from the North Star by care-

. fully watching the motion of the ‘North Star

~ during rapid daily motion, and to plot’ the

. position of the North Celestial Pole’ as an’ -
"X".on their star charts ' :

recorded by George Reed

P .1
o

Then the instructor adjusts the plane-

'tarrum prOJe(:\%Qto show the sky as it wrll
appear three .
"He or she turns on daily motiomfor a few

. minutes so the visitors can locate the new

~ position of the North’ Celestral Pole and plot -
this point on their maps The process -is -

repeated until 13,000 years have elapsed,

usand years in the future )

~

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 stoppmg points. Most visitors’ -
will probably recognize a semi- crrclhlar pat-

.- tern of "X"s, and be able o predict that the, < -

" "Celestial- Pole _will complete the circle in -
another 13 ?06 years. The visitors might be

. *asked to place. a light pencil mark where
.they believe. the Cglestial Pole will be in

another 6,000 years, and the instructor can

“advance the projecto to allow the vrsrtors to ._ '
' check therr predrctlons




E introduce an Earthiglobe and ask the visitors

demonstrate the effect of precession. For
advanced visitors, the instructor can éxplain

_After this activity, the instructor can

"how it should be held in the planetarium to BN

_that preceéssion occurs because the earth. is

7 not a perfect sphere, but bulges around. the
“‘equator... Therefore, the gravitational' force - '

between the earth and.sun acts unequally on

.+ different parts of the earth causmg the axis
" to slowly change its. orlentatron m space '



Module 7

PUTTING IT AL TOGETHER e

gram

-The objective of thrs activity is for you to review the techniques presented in
. this workbook and to apply them to plannlng and rmprovmg a planetarium pro-

_ _ planetarium programs have been presented
~ ', inthis workbook. These schemes are briefly

- outlined below. The. classifications are not -

iton-clad distinctions, but are useful in help-

\ another, and in maintaining variety.

Organ Patterns
(Module 3)

1) Didgctic Organizatlori--COmmunication is
entlrel one-way: from the mstructor to the
vrsrto . T :

2) mall Group Task Orgamzauon--Thls

organization allows. visitors to interact ‘with

o other visitors: whlle workmg on a .commen
task

3) Indlwdual Task Orgamzallon--Each visitor -+

o makes his or ‘her own observation or solves
"a problem on hisown. . IR X

4), Informal Discussion Organization--This pat-

. tern of orgdnization allows free, uninhibited =

discussion by the visitors among themselves.

$) - Group Meeting Organization--The group . A

“meeting is primarily problem- -centered, with
. the mstructor or.a vrsrtor actlng as -a. facilita-,
tor.

B responder S e L
C o Visitors

3;'_ B o Rea ning Skills

St odule 4)

1). Egocemr/p- -Visitags can imagine only\thelr '
hey can notice similari-

.".own'point of view,
ties and differences. Simple associations and
human motrves are attrlbuted to mammate

"Three ways of -viewing'comp'onents of -

g match subject, visitor, and instructor to .

_ 6) Socrat/c Orgamzation--The 'planetarium _
L *instructor takes. the role of questloner and -

e a—

A A Br"ic% Review

'-objects eg., "The sun - rlses so we’ll feel

warm

2y Concret,e-_-'Visitors can imagine another ,
viewpoint only after a concrete experience. = e

. 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 -

“ range the objects in a new’ hierarchy.’

- observations - and objectively compare their R
- own explanations with alternatives by con- .
.trolling variables -and. makmg probabrhty-"
_arguments. '

complex relationships between various- “ele-

3) Formal--Visitors can, imagine a situation

1) Direct ]nformation--The visitor recalls

ments familiar to the mdlvrdual can now be’

'used to explairt’ phenomena New observa-

tions car be- approprlately used in- revrsmg
explanatlons ' o

from different ‘points of view. They can

arrange objects in"a hierarchy and then rear--

Visi-
tors' can extend explanations to predict . - - -

i . . P w
v v . ¢

Questioning and B .' Ca e
Activity Strategies ' .
.- (Module 5)-

information or recognizes mformatlon that - _
is readily observable. . . e ]

7 2) Synthesrzmg--The vrsrtor draws some rela-

t|onsh1ps from mformatlon that was. recalled}

- or observed.

3) Open- Ended--The visitor explores freely - -
and comes up with one-of a wrde range of L

: achptable solutions. v

4) Feelmg--The visitor makes a Judgment o
based on feelings. -\ - . S

5) Other- -Rhetorical and anagerial.', *




Outlining a Program .

“You can use the" convement chart on

. page 88 to outline a planetarium program in

. of the visitors. ‘The flow of the program can

visitors . to participate in several ways that .

. its formative stages. First, list each com-
" ponent - of the "program in- the = Subject -
column.. Then, for each.component, -con- -

sider the form of Organization, the dominant
Quest/oning or Activity Strategy (rf appropri-
“ate), and finally the Reasoning Skills required

be judged by readrng down each column.
For example, ‘does. the ‘sequence of subject
matter ideas make sense from the visitors’

point-of view? Do the changlng patterns of '
~ organization ‘during ‘the ‘program’ provide i
. variety and focus? Does the range of.

activity and-questioning strategies .allow the

further. your Objectives?. Are the reasoning

demands appropriate for the visitors who '
. you _expect will ‘attend 4his " program?

Finally, does the latter part of the program

- encourage intellectual growth by challenging
visitors to ‘understand at a level slightly

“above their current reasoning ability? . -

N '\.
Planning and Improving /
Verbal Interactidn’ -

" 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 thesspecial accessories and
Audiotape . one,
. presentation and  analyze the q_uestronmg .
and responding ‘strategies as discussed in .

artwork "~ are’ down pat.

Module 5. Especially listen to the wisitors’

responses 0. questions and tasks that are
-intended to involve them in thinking at"a
' _'hrgh level. ‘If the response is. not what you:

. expected, you may wish to reconsrder the

. that subject to the vrsrtors

e developmental level ‘of the visitors &s dis-
", cussed in Module 4. You may . decide to -
simplify the task,

e. it more challenging,
or change your ‘frategy fo? commumcatmg

B. Applying the Techniques

P
I

'.mumty organizations (like Scouts).

: Providill Supplemental
Ciassroom Activities

All'of the techmques presented in this
workbook can be applied to d eloping - .
classroom’ activities to complemen lane- '

tarium programs for school grougs or com--
Materi-
als can be distributed to teachers to enable

“"théem to do activities with their students
either’ ‘before or after they -attend the plane-

tarium program. These dctivities can teach

. ..the same: subjects from new points of view. :
: They canLextend the . visitors?. skills through .

games, srmulatlon activities, small group

'problem-solvmg, -or ‘other structures that
work especially - well - in ‘clagsrooms or out-
- doors. The planetarium programs included .
"in Appendix D are each followed by two
_‘ classroom activities, These have been field- - -
tested in 5th and 6th grade classrooms and
the results of quizzes indic ed that - the.
- "activities were effective in
‘the. .subject matter listed under "Objectlves o

mmunlcatlng

of each actrvrty

}
Systematic Assessment‘
. . ’ :

Once the initial deVelopment work is -
- done the planetarlum -program can -be. . -

- improved perrodlcally by. checking with the

. ‘program.-

_ ~visitors. Visitor. satigfaction can be checked'_.
at the end of the program by circulating -
- comment cards on which visitors can sa%‘

what_ they- liked and didn’t’ like about th

~ teachers to administer to thelr pupils a few

.. days-later. Feedback on- visitor learning and. - -
satisfation can “serve as a rich. source of =
- information to improve *specific parts of the o
wplanetarlum program . Y o

T8

" Visitor learning can -also . be '
checked by pencil-gnd-paper, or mtervrew
tests with items which indicate whether or
_not-the objectives of the program were met.

- For school |_groups, tests cgn be given to

pom— .
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OUTLINE FOR PLANETARIUM PROGRAM ENTITLED: _

_Organiza_tion. '
. _ (didactic, socratic,
Time ] Subject individual or group

t

discussion) °

task, group meet- .
ing, or ‘informal.

-

Strategy.
(activities “or -ques-
tions.. are direct
info, synthesizing,

open-ended, . or.

fegling)

.Reasoning - -
{requires -~ egocen-
tric,” concrete, or
formal level - rea-
soning) S
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‘Onee wpu have looked over the Plane-
-~ tarium Educator’s ' Workshop Gulde we hope

you will want.to get together with other, _
planetarium educators to try out the, tech-

. niques described, discuss what happens, and

| GETTING A WORKSHOP TOGETHER

R

. come out with some ideas that.are helpful to -

g you. ‘The surest way to do that is to start = :

gettmg a workshop together yourself

- People .

The first thing you _need is more peo:

-+ * ple. We've enjoyed workshops with as qe,w '
.~ . as 10 people, or as many as 75. A dozenior
.. ‘two seems .optimgl.

You can find other
planetarnim educdtors convemently assem-.
bled at regronal planetanum association
. meetings. and International Planetarium
-Society meetings

. metropolitan area, you may also have a local

-, planetarium -society, or you might just call
Lup the planetariums in your area and see if

.

, «»folks would like to get together for a _'
. j"qukshop Every member of the Interna-

tional Planetarium Society has received a

“copy of. this book, so there should be some

“curiosity abroad already.
| P Time |

1‘he full workshop, mcludmg every-

thing in this book, reqgires-about 20 hours

to complete. A .samp

.- will be described later.

. a fraction of the material. You might want

to pick out the sections you personally want . -
= < . to examine, anq just "try those.

Or you
mrght consider a series of mrm-Workshops
_-gach a few hours_long, to be held at quar-

terly planetarlum association meetings, or at’ @ .

If you- live in a large

three-day "agenda -
-But we have also-
done single-afternoon Workshops" using only

some other periodic function. The only cau-"

= - tion we have to offer is not to-try presenting

- material in a straight lecturg format.

- so little in the way of laws of learning (in
-, contrast to laws of physics, for ‘example)
‘that there are no - Authorities.

" - be a workshop leader.’
~.you might want to find a colleague who will'
) share_th_e tasks with you. . '

.‘_. .:'3- f

[

. any Module (except Module 2) in less than__
“an hour and a half. It can be done=-but only .

by sacrificing discussion, and presenting the . -

.That
deprrves everybody of the crucial experience

of . trying out and crltrcrzmg these tech-_'

mques

o Exper_t Leaders
‘These do fiot -exist. .'So-mim)r skills are
used in planetarium education, and there is

There. are-

resource people who might have partlcular_ '

‘talents. to offer -your workshop, and their .
" role will be discussed in a.moment. But the
. bestgleader for one of these workshops: is
" somebody who' will be an active participant, -.
and who, will be skeptical and curious, just '
- like the other workshop partlcrpants-- some- '
e body like you..

_ Leaders do have to make: arrange-.

ments,
‘workshop to order.
tor, you are experf. at doing that kind of.
service t‘ort planetarium - visitors, and it is
no more difficult to do so for other educa- -

gather materrals and call the
As a planetarium educa-

tors. Read’ through this bogk, decide what

you would like to try, and you-are ready to . .

As a practical matter,

. Resource People

We have tried’ to make this workbook

'.:flf-contained so that you can organize a
orkshop without previous- experrence with -
" the techmques examined. There afe no -

experts on.all of the mattérs in this book,

. but there are people with experience in par-




' / decide 'if ‘the “theories are useful in thelr o

ticular areas, such as the theories- of ‘intellec-
tual development (Module 4).

- of psychology or education. would probably
"be flattered to be -invited to grve a. short
presentation on that topic to your workshop.
But remember ‘that the workshop modules

. are- designed to be- practical to planetarium -

- folk,-and only by trying out the exercises
_.themselves will " participants ‘be . able - to

planetarrums . -

For addmonal help, we. recommend
that you contact one or more of the plane-
tarlum educators who have experlenced the ~
full  three-day version of this workshop.
They undoubtedly have feelmgs and recom-

- mendations to  share - with. you.
~ alumni- might even be talked into helping
.- you run-a workshop. .A full list of trial
* workshop - participants, alphabetically by -
state,
book.

.o

" '_ Space

Any planetarium- will do 'n'icely'. A
‘workshop -could "even be held without .a

- planetarium, . but techniques for -creating .-

>

. o ‘Below is a sample agenda for a full

workshop. Whether or ;not you do ‘one this

" long,. the time allocated to each module.

may be helpf ul.

A few. rtems on - the agenda dont '

“appear in th workbook. At t_he end of each
~day we had d "wrap-up” of the day’s activi-
 ties. This was an opportunity for the
workshop leaders’ to summarize ‘the- materlal

\
\
\
\.

mer A faculty- -
member of 4 nearby university’s department,

Those

jan be found on pages - 99 -103 of thls .

TN

2 Sample _Agenda For "at'-lzh_ree-D'hy Wor_ks'hop _' |

. ) 1’ . ’ . ’ ' E
e o ) e . T ’
. Ty .
) .

L2

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

place. - Some modules can fso be done in an

ordinary classroom; however, where discus-

sion may be more .convenient, When we

 have oﬁ'ered this ‘workshop, we have done .
. Modules 1, 2, 4, 5 and 7 in-a classroom,.and -
’ Modules 3 and 6 ina planetarlum

' ©** Materials .

Each module requires some. supplies or
materials, but mostly just pencils, paper, and
people. ‘Detalls for each module are listed .
¢in sectlon 3, below. _ :

Each participant should also have a
copy of the relevant printed materials from -
this book. Mot planetariuiv
.copies of the book already.

- International Planetarium Society (see the
back of the utle~prage for the address)

*.You can also make _your. own coples

from this book. Please see the permrssron o

‘notice, also on the back of the title page.
There is no charge for using this material,
- but’ we do want to' know that it is berng

-

educators have
For thése who ~
..do not, more copies are available from the -

used, so please write and- tell as
requested, o
e )_ o
\‘j,.f)
- -

" .

covered
each authorof this book) has his or her own

-that - goes. lnto handling a workshop, a

* " chance to make personal summarle/s is nice.
It's the - paruclpams personal . summarles
that ulumately count, however

N

I T S

d to‘ e@ their own views on
_its importagce. Each ‘workshop leader (and

opinions, and as a reward ofor all the work,,
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'"".On-the_afterno_on of the first day, we - presented in the WOrkshop The drscussrons_
- discussed- ﬁlans for " participanhdesig’ned . - proved to be a most effectiye way ?f review- .
* - activities." This was’ a popular. feature in . ing_and clarifying ‘the * techniques as they -
- which tl\e participants worked together ‘in apply ‘in actual practice. sAfter lively discus-
__small groups to -‘present short visitor- - nsrom we-arrived Tt a categor\;atlon of each_'_ :
S participation qctivities that they use, or think - " activity;- as shown on pages 5@ and, 57" ;
© . ‘they- coul¢ ‘use. (During the five: trial _' .The presentatron “of "Red Planet. Mars
. -_--workshops ‘that . were . held Yuring 1978, - ¢n the morning of the second " day also.f
“twenty different actrvrtres ‘were presented.. served -as an example to b analysed by the
| ‘These' activities: have been incorporated into - techmques of the worksh “"Mars" is by
. module 6 of this WorkShOP guide.) "’ no means.a. perfect program,. bu it is a prac-.* -
‘il‘he partrcrpant -designed actrvrtres were . tical example -of a single-yisit planetarium
presented on the final day of the workshop v show with audience participation. Many of
“After live dentonstrations .in- the plane: = the strategres descnbed rn\the workshop*are .
- “tarium, -each of the activities . was critically . used. L N T o
" djscussed “in -terms. ,of - the strategres Loy VR :
B e B "’__ B Friday ‘ N _ T / '
'_9::'(_)OAM?_"' Welcome coﬂ'ee and donuts T S .
915AM ODULE 1 Communlcatl0n. Planetarrum instructors. have an opportuntty to
_ S . -switch roles wrth visitors and . experrence drﬂ'erent levels of rnstructor-vrsrtor
. y rnteractron G o
.. L . ' '-’_.!.‘.‘ . . B
} 11 OOAM MODULE 2 Framework for Examining Planetarlum Programs. Partrcrpants '
¢ - describe their qwn goals and strategies for a. planetarJUm program: -Group dis-. - |
' cussion, about goals (knowledge skills attrtudes) and strategies to achreve'“.
o thém o - ] D . ‘_._'___.‘ i . .‘-, . L
-'-12:00PM - Lunch Break L L e
| VNQPM N MODULE 3 Organizatlon Patterns. Re’asSemb'le in the planetarium A
SEI - variety of ways to organize the planetagium, experrence for visitors is illus-
b trated wrth excerpts/ﬁom public and schooj pr:ograms used at the Holt Plane-.
. ﬁ L tarrum : . :
W 230pM 'vBre'ak T .’-_‘ . B
( _. S _rv_,,_ . . .
D ( . ~ . ' - .
3 OOPM : MODULE 4 How the: Visitors: See It (Part H Actrvmes, slrdes and lectures
- ~present the’ different types of reasoning used by visitors at various stages of
intellectdal development. The implications for planetarium education ‘of Jean
o R "~ Piaget’s theory of . learning are dlscussed Specrﬁc examples are- considered
1 - using. conbepts in astronomy and space serenpg S
T -4;0_0PM L Wrap up of day s actrvmes | 4 *
. ‘ \. ', '“. .' ,-_‘ ] V. ‘ | ‘.. '
- 4:30PM.. : Discuss plans for participant-design}(( activities, -~ - .~ .
. .. ' ' . -.( .. - ._' . . . :, ,'.< . .: . i l ‘ ~' -
. » » . [ . . .. . ° .
5:00PM - Conclusion of first day’s dctivities. = - o -
A . » . —~ 3 '[ '_ . ) ) .
e - R co T { ’
:,.,' . - . - - ‘ R ’m
‘ ' " 9‘ o o, a_r. o y "

RO




| 9:00AM, .

11:45AM

3I5PM -

© 330PM

: Lu nch ,-_-B_reak'. :

Break :

. MODULE 4 cpntm ed Hoﬁ‘ J}e .Vlsitor's See It (Part .ll).

.MODULE Questioning Strategles. Partrcrpants consrder varlous ways of )

askmg quéstrons to stimulate the visitors’ thmkmg y

_ MODULE 6 Activities for the’ Planetarium. Varrous categorles of activities .
a -:can be used, like the  various. questioning categories, to stimulate different :
+ kinds of thmkmg and learning. Examples prevrously demonstrated from RED
PLANET MARS and Module 3 are drscussed : :

m',_

i ‘_Partlclp ants work in small groups to plan thelr own . 15 mmute actrvrty for
L ‘._’--"'presentatron on Sunday ' '

L . B ] 'e . - N ] ) .(3'_._.
i .Cbncl_u_'sioi of_ se'co_nd day’s activities. ' e ‘ .
y ' . “_ . - . . . . . ‘:Jw‘ Q,“""-., . . . -
. .N / - e . \\\b“ S ,'é”-; , X X <
Lo SRV Su'nday \ ,Mm .
L i . W
) . ._‘.'...' ‘ . "‘ . L . .
900AM ' Pa’rtioipants present and discuss their own act_it}iti_es.. o
., . . i iy ‘ | o ) RS kl .
-12:30eM ¢ Lunch Break. L T
. L30PM - ! MODULE 7 Putting 1t-All Together The actlvmes present&i in the mormng
e are discussed and classified according to the categories developed durmg the
N ) workshop Methods for desighing -a complete ‘program and pre/post vrsrt T
R ' actlvmes are dlscussed and 4 sample pre- or’post- -visit actrvrty is presented A
: -'_-_‘-'» . _ - . . . : TR
3 0oPM : .Plans for local workshops Partrcrpants drscuss then‘an rdeas ‘about usmg the
A materials from this workshop, including-presentation of thelr own versron of
£ © the workshop for other planetarlum educaths . .
3:30PM Formative evaluation ‘of this w'orkshop. ~ L e " : "_
4.00PM | _Adjourn ¢ as a group Workshop ‘staff avarlable until 5 00PM for mdrvrdual con-
- ® sultatton - ~ Y :
- - .‘ . “ , - \ . :




L

Here are suggestions"'for presefting

each module. There are also answers to the . -
These answers are a
consensus ef the authors, but some of the .

questlons in each.

answers are debatable: . Many: séctlons of

N

P

0'.

,brwf axercise, however this technlque w1||- :
-often be. - controversial.
- organizer is successfully . done; it can ‘make =
- visitors fgel more comfdrtable with what fol-

" lows. If the advanced orgahizer is misinter- -

. this book rely on newly devised categories," "

and those’ categories are not watEr/-tlght
definitions tested over generatlons So .you

- and. the” partlcrpants in your w0rkshop ‘may -

- goal" is to stir consideration and improve-.
‘ment of the techmques
- ideas presented.
-dlsagreement is welcome

categories, and

*

"1 Module 1 -
Communlcation _\.' ,

This is a dehghtful and even amazrng

activity. You will ‘find that you and the

other participants very quickly get into the

_spirit of the workshop. "We have ‘also found * -

this actrvrty makes an’ excellent socnal ice-

. breaker. " _
. For. every three - ‘participants, you wnll_-
“need two crayons or felt tip markers, ‘two.

.. manila file folders (to setve as,."barriers") ,

" ter

) 'always comes up. The need for instructor- -

ey "

and half a dozen sheets of blank' paper. (We
recycle used tomputer printout.) One par-
trclbant has to play leader and post the mas-
drawings. The ‘masters

geometric patterns, including . some astro-

“  nomical motifs like the- ofes shown in®
.. Module 1. : :

' Several of the msnghts that can- be '
~ gained from this activity are described in the -

module_ itself. The use of analqgies almost *

visitor interaction to .check" on how your -

_visitors are understanding and emoy ng the

program is another major topic.’
One techmque for communication fhat

: may arlse is the ‘use of -an "advanced organ-

izer."- That’s. 4 short lntroductlon to the'

" overalt messde the . lr?tructdr wishes to’
' commumcate to the vi

Even m our

should be'
* prepared in advance. We usually use simple

preted in any-fashion, the rest. of the lesson "

“may. be. spent correcting tx visitors’ misin-

terpretatlon of what lS su

" pening.» - )
" disagree- with the answers givén here. -Our . '

A healthy - amour‘lt of

N fdamental issues about comty
o planetartum

- Wé’ hope you will emoyf Module 1 as
much as “we - do, and at its end, - your

workshap participants will have a list of fun-

©

: Module 2
A Framework for Examining . |
Planetarlum Programs '

K1
Y

Thrs is a very "talky" unit and may

' take' less “lime than any other ‘module..

. There are two ‘main functions of Module 2.
in the context of the workshop. First, the -..

module rntroduces v- the framework -of.
Subject- Vlslton-lnsfructor' Looking at interac:’

‘ tions between pairs-or all three is the basic

- pittern of the following modules»

The decond ‘function is to let the pgtr-
_cipants in your workshop describe to each

other their- own work and goals. We found:

“ that thé remainder of. the workshop went -
" more smobvthly if partrcrpar\ts knew of thelr

.-Module 2.are a’ blackboard and c
OVerhead projector ,and- markm
_ recordlng fhe’ partrcrpants ideas.

¢ .

. - colleagues’ interests. ~

JIf the advanced

o_s_ed to be hap-,

: nlcatlon m the

The only- materials you need for

Thrs module occasiona
participants find they have

Ik, or an .

- cal disagreements. At one workshop, parti- - .
_cipants were equally dwrded betweén those .
who felt that classical, visual astronomy was . <
the:. only legitimate subject for a’ plane-
* tarium,. and those .whp felt Jhat- recent

+

~
4
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K developments in_. astronomy “were. most. _ rapidly and efficiently. The principal disad-" S ( '
- “important even if they .were not related to _  vantage is that the instructor -may not know ' ' T
what the basrc planetarlum prolector could whether any- of that lnformatlon is rea hlng _
show: . . ‘s . the visitor. :

>~ While-we have no resolutions to- oﬂ'er
7 we belleve tHat the~ techniques in the
workstiop will help planetarium -educators
achieve thelragoﬁ regardless of the particu-"

‘The*Small Group Task Organ/zanon is a A

" good way to start. audience participatjon. '
- This technlque‘ has the advantage of provi
_.lng group support for visitors who might-

lar subjects to_be presented \/ .

..~Q . .

intimidated if asked to do the task alone. A’ N
disadvantage is that smdll groups really must

: B D WU * be small--preferably three to six ‘people -

- 5§ L, each--so that no visitor is lost in the group:
N Module3 L .
o) Orgamzatlo Patterns . With huge audiénces, ‘this may mean that .

;- _ Many partlclpants found th|s the most 3
exciting module because it rmmedlately gets

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-
{enging and at the same tlme practlcal for
everyone. u .

. - down to .practical demonstrations of planea

‘. © . tarium education techniques. This ‘module
' ‘takes. more preparation than ‘any other

,because the- workshop leaders need to

- prepare the planetarium to. - present frag-_. o In the Individual Task Orgamzanon’ _

v : ments ‘of several different programs. ' : /each visitor’s accomplishments can engender -,

_The: fragments come from Activity #6, a sense of personal pride. Individual tasks - s =~ -7
‘pages 66-67, and from .the program "Con- work well with either small or large audl-__ - _
. steltations” Tonight" in Appendix D. please' ences Hearing a visitor call out "I got it!" is
‘examine - ‘the . materials and - preparation’ . & delightful confirmation of the benefits of
needed which are* fully described withi the"‘ th's organization. A disadvantage of this

- activity and the program wrlte -ups. technlgu{e-ls the possibility that Some indivi-3

N , l\\
co- ' duals may not succeed at their assigned'task. X/ S
oo : ‘We found. it valuable to discuss. the Y 8 Gy

: This. danger. can be avoided by carefully
- planetarlum presentations in detail with the  selecting and testing each activity.
- -+ host planetarium staff. several 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
. exterision cords and half a dozen clamp on-.
5 l{ght sockets with red bulbs.

In any:event, there was nearly unani-

A
¥4

The Informal * Discussion - Orgamzanon'
gives visitors an opportunity to express their
“feelings and reduce’ the formality and rigid -
structure -of the planetarium visit. Visitors

" also appreciate the opportunity to ‘confirm
their feelings -about how a program or
‘ actrvrty is going. This orgamzaﬂo\ how-
.. ever, glves you no guarantee of .just w
. will happen,.and indeed, whether the infor-

SR \R}Ol:js lagr;eme:t tfl;at the- eﬂ;‘:“ re;{urredt forl‘ ,mal discussion is valuable or not may vary _‘.'°_'\_
.. Module 3 paid.off in insightand practica  frof group to group. | \ ’
e g L The' Grokp Meeting Ord z't llows
B A ' e Gr eeti iZation allow
. The table that opens Module 3 is 'to be_ op ne Jréayiat g

* visitors: to talk with each other in‘ a ¢on- .
trolled atmosphere with clear goals in mind.
.The group may amaze itself with its ablllty
‘to_find answers that a0 ont member of the .. . .

filled oat- by the participants as they finish--
. each section of the module: The advantages
_and" disadvantages *of -each technique will. .

" - depend Ereatly on the partic:;la; pro]gram in, group could have determined alone. +
' ' - i ' i is ut ere are '
S '::)hr::otveeralf C?r?dgrlﬁes use i o The group meetlng does require care-
v g ' ' ful mltlatlon and some sklll on the part pf
- mcluded in- th,e program, and present them - | T P
: "'.‘~-' . Cos '.’ ) . "'. T R - . :
7 ' ‘ )

. . . ) - . . . . - v
- - N . R . » . . PR | . . . .
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™ thlS drgamzatron may not be easy to ﬁt rnto"'

A ng!d time schedule., -, !

"The. Socratlc Orgamz.arion is hke the'-

didactic in ‘that the iinstructor controls the

- progress “and the- rate of rnformatron'_
gresented Unlike the didactic organization,

" however, -thé . questgms and - visitors’
responses in the Socrati

skill on the part of the instructor so: that the

organization_does ‘not become too authorr.---.'?

tarran and rntrmrdatmg R

" The authors’ answers f0r the examples_
~of organization_skills on the last page of the
. module are: ‘1) Socratic, 2) Didactic, .3). .

“Individual Task, 4) $mall Group Task; 5)
d 'Group_Meeting,'an?’gﬂ

nformal FDi_scussion.

. Module 4 Lo
e How the Visitors See lt -

Thrs is the most ‘theoretrcal and
perhap e most fundamental “module -
: because it' presents ‘a serious; phrlosophy; _
~.about how people- learn. 'Fhe'apphcatrons

" that have’ been found for these theories go

far beyorid the planetarrum and-participants .
may find. thede ideas useful both inside. and_

outsrde of a starry dome. = ., .

The requrred materrals are those to set’

p.the  Martian Dilemma Pr blem You
ll need three’ small” spherés .on- stands.
Styrofoam balls and cardboard or wooden
mounts will ¢p. You also need a small plas-
tic or- paper Yjgure to. stdndr on the Mars

‘sphere and a bare llght bulb to represent the

Many of the Questtons asked in : this
module are answered in the téxt itself. ‘On

page 22, Question - 1 should .be answered
Egocéﬁtrrc ‘and. Formal.. For Questron 2,a

visitor would have to’ ‘r_magrne " himself -
~ -observing the objects in each- picture from -
~within the plane’ .of the picture; itself . to
. understand the ‘concept. That’s a formal

level task but it could be made concrete if a
three- dlmenswnal model of a spiral galaxy

" could be passed around- the audience or if-a
continuously rotating pr'o_uectronE could be '

“

cheme allow some .
' visitor. participation - and glve the instructor -

continuous feedback on ~ how well - the .
respondrng visitors are followrng the pro— .
‘gram. This technique does require great’

v M8 RIF 10)M._

~ shown so-that the visitors actually see a $in-.
. gle galaxy:as their observation point moved
- in and out of the galactw plane; - The figure’
on ‘Page ‘23 clearly requires formal level -
reasoning because the sets of individual pic- .
tures can be understood- only if the visitor -
realizes that they are presented from three -
- drfferent frames of reference. -

.' ~In Sectrfn B, Classrﬁcatron 1 is For-
mal, 2 is EgoCentric, 3 is Concrete and 4 rs\
. Egocentrrc :

“+  On page 31, the explamer in the. ﬁrst

~.cartoon strip ‘is thinkrn/g egocentrically. . In_ -
“the second cartoorf; the wrzard on the right .
s drspiayrng formal reasonrng

v, Module5 o
“Questioning Strategles . . -

- Many- participants found the strategies -
. described here to' be as useful in classroom -
* 'work -asin the’ planeta\rium. ‘Questions- and
answers are useful both as. an alternative to
" didactic lectures and as a means of fipding, -
-out what your visrtors or students kno&1

_ ‘that the categories &f questlons are ‘not iron-

~clad, ‘and it’s easy get into- arguments

- about how a ‘particular question should

'classrﬁed Howevel’ the process of analyzing

. one's own questioning strategy is extremely :
.useful: even «f the category systém is not .

. .mathematically precise. This is another \

#talking" module, and no physical materials -

» - are required. On- Page 41, -we would clas-

‘sify the questions in- the sample transcript .
as: 1) D, 2) M, 3) O, 4)(_) S)D 6) D, 7)=_

e Module6 o

W

_ M,odule 6, like Module '3, géts down to .
. practical -examples-of activities in the ‘plane- -
- tarium. Three sample Activities are 'dis-
- cussed; all from "The.Rexd Planet. ‘Mars" pro-.
gram given earlier. Please consult page 161
... for a list of matenals that you will need. As
in Mod'ule 3, it is especially important to
consult with the host gplanetarium F

- T W

—

The main dl‘?;::y with this module is . .

?.

Activities for the Planetarium . (\__ o
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- concepts presented

" form the headings for

" _example, you “must determrne whether the -
planetarlum projector has a satrsfactory Mars .

for the ﬁrst actlvrty

'As noted on- Page 91 we expanded

" this module by inviting participants to work
. on a "small group task" to- develop and

- sion abput

present an activity to their colleagues. We- .
~ limited each presentation to ﬁfteen minutes,.

followed by fifteen mrnutes -of open drscus-

how the . activity . imight - be
aexpanded 1mproVed and Jincorporated into - -

_anentire ptogram. For many of the ‘partici- -

pants1 the presentation and drscussro{\of
""these activities were the hrghlrghts of the
workshop el o 4,'

.~ We would classrfy the three sample
actrvrtres from "The Red Planet Mars" ‘as-

_follows. - o L

»

: Acﬁw’(y _
I ;¢ .| zatlon .-

. Pattern of _ Organl-

: Reasonln'g .Le'vf'l Activity Strategv :

~ 4.
|

" synthesizing

Y
R
-

- SModule®
3 Pu'tting It AII’ Together'
- Module 7 is a Teview of the .entire

workshop ‘To provide examples of how the:
in the- modules - are .

applred we found it useful to center drscus-

sion - around the partrcrpants agrvttres

presented in Module 6: - done "in .about a half-hour, s Cosmic
. " Creatures described on pages 187- 192. T e
- Before beginning the. drscussron iraw o i . -
an Outlme like that om page 88, on g hlack- - . Finally, “we . recommend ~ that ’Y°“

“board or overhead pr0jeotor 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
the . hext three
. columns of .the Qutline. . Then, present.the

~"group_meeting". task of classifying each’

activity accordrng'to “the catego res listed at
~the head of*éach column. " Yoyr job isto

. facilitate the dlscussron and- list one or more

- ANSWers j‘or each cell i in the ‘Outline.

thrs final drscussron twas the m st helpful of -
the workshop in understandrn ‘the implica- |

y

' trOns of many of the techmques thpt were

g

presented in- previous sessions. o

If. there is ‘sufficient time you mrght
wish to present one of the pre-post activities -

that are déscribed at the end of each of the

planetarium programs in Appendix D. One
~of the most popular activities, that can be

- ‘can indicate what they liked and didn’t like

-/

\_

ACcordmg 10 many of th par~tlorpants '

/

d
l
f
i
l

about each module. A sgummary of these
-evaluatr“on forms Will be Very useful to you -
or to any of the participants 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
materrals and we’ll pass your comments on

their own vérsions Of the -workshop. Our
address ls on the back of the title page

_(Gf . you" wrshz to ot%rﬂs.who may be trylng

Ky .

..Find the Planet . small group task " concrete ‘ .
Mapping Mars. _-smajt grouptask | . . concreff “directinfo - ] .
; . Exobiology ’ individual task vconcrele-. - open-ended - . !

prepare an evaluation fort on which visitors '

o

T4

. l 4 Ordépng Mat rials from the Lawrence Hall of Sclence

o e Slrdes and poster} used m thrs workshOp and in the, model. programs in Appendrx D are X
“o avallablp from- the" Ast onomy Program at the' Lawrerice- Hall of Science. As long as our stock
' Iastsb we are'pr rdmg these /materials al our cost as a sgrvrce to planetatium educators Lo

. e I 1f you-wish to order any of the materral below please. send a copy of this form with a -,
. _ purchase order, check, or mone order made fayable to "Regents of the Umversrty of Califor- .
IR - - nia." If you wish larger quantitiés (for example, multiplg classroom sets of the posters) please
write for price and shlppmg cost information.” ", S _ -
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'MATERIALS Available ffom tie Lawrence Hall of Science (Order Form) .

* Descrigtion . -, Cy

. Price

..I' \ .

Quantity -

) - - /"
Stide set for “The Red Planet Mars" . -~ '

'\/.

oL --. 21 slides- made drrectly from our orlglnal Sources.

|'s1575/5et

i -

| Four Kodaiith slides, Versions of t
“{"Constellations Tonight"
intended for. use-in a “"brute force" prOJector SO you, wrll ’

"~ . N v
‘Big Dipper, for the
progra .Thése - slides ‘are.

h‘aye to. vary the magryﬁcatron to fit your planetarlum

. e . ; ) . s

" 3.00/set

© | lations. Tonlght“ 3 large September October sky map.

e
s

Postg' for classroom Iactrvrtles to supplement "Constel-

50 _x..

- Slx posters for classroom actlvmes to supplement “Red

lanet Mars _ - N

I.S(l/set. ..

. | able - Star"--clean "copy ‘of the visitor data sheet for

Artwork and slides for f‘ctlvrty #6, “Observmg a Varl-

repjo_d_uctron a Kodalith slide of the comparison star

- I magnitude numbeys, and I1 Kodalith stides lllustratrng . |
_ eclrpsmg blYary star llght curves .

rJ

1 9.00/set '

il
H

|

TAX Cahfornla resrdents add 6% sales tax
countles, 6- 1/2% :

BAii—T _

- T e -

SHIPPIN_G. ,Handling and shi;pping- is included in tHe

" [ prices given above "except for posters, wl'uch are matled
12 posters- and .

in a stiff tube. Each tube holds up to

i costs $3.00, including“shi_pping.-

3.00/tube

\ Prices and avallablllty are sublyct -to change without notice. Orders should be sent to’
~ Wor shop Guide, Astronomy Education Program, . Lawrence Hall of Scrence, Umversrty of Cal-




R LSS Appendlx B -
Lty 1978 WORKSHOP PARTI IPANTS
. S _ “ ‘ CANADA L 93401 (805) 544 5770 . |
ST, “ "~ Richard Poremba, Astronomy: for Amerrca,-v
R Claude Fanhert Ontarro Scrence Center Inc 9345 Easton Avenue, San Bruno, Cah-'
cro N J”O DOh Mills Road Don MIIIS, _Ontal’lo _ forma 94066 (415) 871-0566 .
N Canada,fM3C 1T3, (416) 429-4100 - . .
o ' ‘{ . .Steven Pulos, Holt Planetarlum Lawrence _
_ Al Fawcett Centenmal Planetanum Box " Hall of Science, Unwersrty of California, .
‘ ﬁgg) %B;gb Alberta, Canada, T2P 2M5,. - Berkeley, CA 94720, (415) 642-3679 « ' |
L o ' : ~ Sonia Silva, Science Center, Sierra College,
o, B John. Musgrave Provincial Museum of . 5000 Rocklin Road, Rockhn California
AR Alberta, 23845 102nd . Edmonlon, Alberta, .- 95677 (916) 624-3333 ' - e
ST Canada T5N 0M6, (403 452 2150. . i
ISR A { ) { Cary I. - Sneider, Holt - Plaa‘etarrum,
' ' B U S L B Lawrence Hall of Science, Umversrty of Cal-
» "-‘- . ST " ifornia, Berkeley, CA 94720 (415) 642--
. PUERTO RICO T 4y
Delores. Balzac, Unrversrty of ‘Puerfo cho o Marvin J. Vann, Foothil College Plane-
L Physrcs ‘Depastment, " ‘Mayaguez Campus, .. tarium, 12345 S. Almonte Avenue, Los'
- . Mayaguez, Puer(o Rico 00708, (809) 832- . - 35"9%8 Hills, " California 94022, (405) 948-
ARSI " N -
e T \_.\ I .Don Warren, Clty College of San Francrsco,
- N 50 Phelan Avenie, San Franclsco Cahforma
' o USA\ ‘ 9411 (415) 239- 3242 :
Y - . Lor Warren,. Rosicrucian Planetarium, 1342
e - N e Naglee Avenue, San Jose, Callfornia 95126
e Calrforma \ .o (408) 287-9171 o - S
v Edna K. Devore Independenca Hrgh School . - Kingsley = Wightman, Chabot_' Science,-__
I ‘Planetarium, 1776 Educatlonal \Rark Drive, - Center, 4917 Mountain Boulevard, Oakland, - .
' " - San Jose, California 95133, (408) 926- 1776. ~ - . California 94619, (415) 531-4560 ¢ y -
Alan J.. Frledma Holt. Plangtarium, Kenneth. Wilson, - Morrison Planétarium,
. ’ Lawrence Hall of Scrence, University of Cal- =~ Golden Gate Park, San Francisco, Cahforma
E * «ifornia; '‘Berkeley, CA 94720, (415) \642- 94118, (415) 221-5100 o
. 0552 S . Kay Woolsey, Santa Barbara Museum' of,
. Jean Henry, Shreder Planetarlum Sha\§1 . ~Natural History, 2559 Puesta del Sol, Santa ..
County Schools, 1644 Magnolia Street, Red\-\ ! Barbara, Cah'forma 93105, (805).682- gﬂl34 :
'_“ ding, California 960015 (916) 244-4600 _\ o S, .
o " Victoria Lindsay, 404 Arballo Drive, Saz \ - Colorado )
~». - . Francisco, ‘California 94132, (San ‘Francisc S ‘ : ' o
' ' ' ?tate University Planetanum) (415) 685- Charles Pﬁrclval Venus Planetarrum 2525° o
230 v B Mountamvrew Drive, Pueblo Colorado
" Lawrence Lowery, School of. Education,” 81008, (303) 542- 8—977_ . -
. Tolman ~ Hall, University of Callforma ©- ‘Mark S.. . Sonntag, Fiske Planetarium
'-,' .. Berkeley, CA 94720, (415) 642-4206 - . University of Colorado Boulder, Colorado :
' \James Park San Luis Obispo Senior ngh -.‘80302 (303) 492- 3002 ~. T '
School ~ Planetarium, 1350 ~California:. " o oy _
_..Bo_ule'vard,' San Luis Obispo, California. a - _ . o
e . : Lo -t




- ‘Planetarium, New. Canaan,

. -Planetarium, - Newark,"

.M y
LT 138§ North Plum, - Hutchinson,
- 67501, (316) 662-2305 . ‘

Connect/cut

’ Rachel P. Fitch New Canaan Hrgh §chool
, Connectrcut _
106840, (203).966- 9427 .

‘ '_John F.- Lindholm, 151 Deerchﬂ" Road .
" Avon, Connecticut 06001, (203) 677-2206,* .
v -A(Gengras Planetarfyim, Hartford New Mil- -
ford High School Planetarrum New Mll- .
ford) oL - :

¢ .

Dela ware

l/_"

Maryland

= Jane A Bubeck Patapsco Mlddle School e
403 OId 'Frederick * Read, -
: ‘_'Elllcott Clty, Maryland 21043 (301) 465-.
7121
David Candey; Jr RD 7 Box 194, Elkton, < .

Planetarrum

Maryland 21921, (3oD) Maryland 20031,

,-_(301) 423:6565 (Oberlin College Plan,e-
- tarium, Oberlin, Ohio) -

~ 'Lora Chamblee, RD'7 Box 194, Elkton,
- Maryland 21921,

(301)  287- 5321 (North'

- East High School Plarfetarlum)

“Helen K.. Moncure Chrrstrana High School
o - Ne Delaware 19713,
~(302) 731-2125 » - . o

_ _ " Florlda ol
Nedra A Lexow, Drscovery, 231 S. W 2nd

* "Avenue, FEiL Lauderdale, Florida 133301,
' (305) 462- 115 DCEE :
Idaho

""Steve Holland, Craters of the Moon
. National Monument, ‘Rock Creek Nature -

. Center, Box 29, Arco, -Idaho 83213 (208)

,,*527 057

1 .".' ,

- Indiana .

Jennie Howe, Wishington Township Plane™ """ ) Garry Beckstrom, Exhibit Museum Plane-

1801 E.786th Street,
%6240, (317). 2_59-5362_,

'

"_'tarrme napolis,
' lndrana G

2
Kansas

Jane Butler, Hutchmson ?lanetarrumi
Kansas

&
- Dean Zollman, Department of Physrcs

. Kansas State University,’ _Manhattan, Kansas
- 66506, (913) 532 6798 BRI

_ _ : Loursiana )- Y
g fJesse W. Scott Arabr Park Mrd e Scn\ool

Planetarium, Mehle Avenue ahd N. Roche- L

. blave Street, Arabi, Loursrana 70032 (504)v
'271-04f1

. ~.

o ‘Mlchael Burke,

~."sachusetts 02360, (617) 746-8450
Jo Ann Co Iin Basset’ Planetarrum, Depart-

- . N

: Wayne State C lege,

Com

'Joseph -DiRienzi, - Kathleen Price . Bryan

* Planetarium, N. Charles Street, Baltimore,
_ 'M_aryland°21210 (301) 435- 0100

. ,

Massal“husejts .

W Russel Blake, Ply‘moutn-Carver Plane-

darium, Long Pond Road, Plymouth, Mas- - E

_sachusetts 02360, (617) 746-8450

tariym, Long Pond Road, Plymouth, Mas-’

e

‘ment of ‘Astroiomy, Amherst College,
Ambherst, Massachusetts 01002, (413) 542-
2075 o '

_d

Michigan

-2,

tarium, University -of Michigan, 1109

764 0478

‘e -

Minnesota

780 W. Wheelock Parkway, St. Paul, Mrn-

"nesota 55117, (612) 489- 8035 "

Nebraska

L]

_Carl anp, Dal

Wayne, Nebraska
68787 (402) 375-2200 L
Dirl H. -Steffe, Chadron State College

Planetarium, Math and Science’ Burldrng,

- Chadron, Nebraska 6_?33’_1, (_308)_ 432_—4451;_ N

)105 I »"\A ."v |

\ ‘.

AN

Plymouth-TCarver Plane- '

"~ Geddes, Ann Arbor, Mlchlgan 48”109 (313)

- Lawrence B. Moscotti, Comd Planetarium, - .

Planetanum Box 77 -




© -tarium,

. < Nevada s ‘_

© . Dave Hostetter, Flerschmann
. pherium and Planetarium, ‘University of
‘Nevada, ?eno, Nevada 89507 (702) 784-

" a2

_ | New Jersey v‘- - 7
Rosendo Al)reu, CS. D. Planetanum at lS
184, 523 44th Street, Union City, New Jer-
sey-07087, (212) 993- 2964 '

" Higinio D. Rodriguez, C.S.D. Planetarium -

. at I'S. 184, '323 44th Street, New Jersey
._07087 (212) 93 2964 "t ,
e - New York'

Steven M Bernstein P.S. 24 Planetarlum
660 W. 236th Street, Bronx__
\10463 (212) 220-8446

" Vietor : Chung, Physrcs Department
10031, (212) 690-6879.

" Atmos- .

Clty :
College of New York, New Yark, New York

_ Warrensmll_e ] rghts
752-8590 - '
" Ro Derewecki Coshocton Pubhc Schools

Ohm ST

Robert Andress Warrensville Herghts High.
 School - Planetal_kum 4270 Northﬁeld Road,

Ohlo 44128 (216)

_’Planetarrum Coshocton Mrddle School,

New York .

Juan Fonseca LS. 184, 778 Forest Avenue_,. '

' Bronx, New York 10456, (212) 993-2964,

. Michael Gosiewski, Marlboro Central High.

- School,
. 'yore,.New York 12542, (914) 236 4252

. ‘Tom Hamilton, Wagner College Plane- -
Staten Island, New ~~.

Grymes Hill,
York 10301, (212) 390-3010 )

._Eugene ‘G. Harple, Lmdenhurst Schools :
‘Planetarium, 350 S. Wellwood Avenue, Lin-_

-'denhutst New York 11795, (516) 226-6536

: Bill Klnsella, Schenectady Museum Plane-

Cross-and Plattekill Roads, Marl-

o 424-5561

tarium, Nott Terrace Heights, Schenectady, -

"7 New York 12308 (518)-372-3386
; Kent T. Leo; 3850 Sedgwick' Avenue,

Bronx, New York 10463, (212) 292-0262

TS 184--District 7)

‘ A.-'Charles S. Neleson, "15 Jamaica Avenue,'

" Plainview, New York 11803, (212) 229- 5029_' ’

i (Kryger Planetarlum)

. Murray Spindel, Freeporl H|gh School
_.Planetarium, Brookside Avenue, Freeport,
New York 11520, (516) 623-2100.

Seventh Street,
(614) 622- 1058 .

Bill D. Kobel Farrvrew Hrgh School Plane-'
_tarium, 4507 W. 213th Sireet, Fair
* Park, Ohio 44126, (216) 333- 4250 S

Bud Lrnderman,
- 7000 Paula Drive,
Ohlo 44130, (216) 234 6884 - e

.-Gary 'E. Mechler, Cmcmnatl Museum of
Natural History, 1720 Gilbert Avenue, Cin-
cmnat| Ohlo 45202 (513) 621 3889 -

Coshocton Ohlo 4381 2

Oklahoma o

Fairview

Midpark Planetarium, -
M|ddleburg': .Heights,

- Jolene_ Ingram, 2600 N.W. 63rd #85, Oak-
" . lahoma City,. Oklahoma 73116 (405) 755-

6777
Ron P Olowin, Ommplex Krrkpatrlck_
Planietarium,, 2100 NE. "52nd Street,

Oklahoma C|ty,.0klahoma 73111, (405)

Oregon I
Y R .

Gary M. Bognerﬂ, H.C. Kendall Planetarrum

Oregon ‘Museum of Scieno® and Industry,
Portland, Oregon 97221, (503) 248-5925

. Sy Lo
v Pennsylvania

-H_enry D. -‘Dwobson,’ Central Colombia High .

School - Planetarium, 4777 . Old." Berwick
Road, Bloomsburg, "'Pennsyania'_
- 784-2833

Jack Lefkowltz, Initerboto Semor High -
.School Plagetarium,.
-Road, ' Prospect Park Pennsylvama 19076
(215) 521- -1500

. Gerald L. Mallon, Methacton’ School Drs-

S Samuel A. Storch, Edwin P.. Hubble Plane-,' |

- tarium, * E.R. -Murrow Hrgh School, 1600
. .Avenue-"L", Brooklyn, New York 11230
g (212) 258- 9283 |

.- .
x-’ ‘,'

trict  Planetarium, = Arcola Junior High
Schoal, Eagleville Road, = Norristown,
Pqnnsylvama 19401, (215) 489-1900

-17815,; f )

16th and® Amosland '

: }'ff)’.'m'w\‘l.'i’r‘c‘\ :
(-

A

" 7
" ", .
. : .
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Thomas P.'O"Brieh, Fels Planetarium, 20th

"~ and The Parkway, Philadelphia, Pennsyl- -

~ vania 19103, (215) 448-1292

tarium, West
©.(215) 436-2788
S s

.- Barbara Baber, Morgan Jones Planetarrum.

"George Reed,
. ;{
'Texas

P.O. Box 981, Abrlene Texas 79604 (915)
673-2751

‘Jim Clements, St.

(214) 363-6491

Texas 75080,-(214) 238- 8111
John chks,

- (915). 683-6441 | |
‘Lecie Huff, chhardson 1.S.D. Planetarium, '

W

447 Crestover "Circle,
75080 (214) 238- 8111

- Keith H. Johnson,

Texas 79760, (915) 337-5381

Eloise Koonce,” Rlchardson 1.S.D. Plane- '

Wer College' Plane- "
ester Pennsylvanla 19380 "

Mark s Planetarlum
. . 10600 Preston Road, Dallas Texas 75230,

Marlam Blakemore Plane- -
tarium, Box 5542 Mrdland Texas 79701,

Rlchar(l:son‘ Texas -

'Poole Planetarium,
,; <Odessa College P.0. Box 3752, Odessa- :

#4 Logan, Utah 84321
Wynn Godwin, Rlchardson I'S.D. Plane- . _ :
* . tarium, 447 Crestover Circle, chhardson

§5149, (214) 288: 7429 . N
‘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 Planetarium, 2 Eureka .Circle,
Wrtchlta Falls, Texas 76308 (817) 692 0923

. Utah -

lrvm “G. Bassett l9'l
Center, Brigham Young University, Proyo
Utah 84602, (801) 374- 1211 '

William H. Lo\)vry, 220 South 500 W Apt
) / -
/

V:jrginia ;o

y

" ~Darrel ‘G, Ardoin, W.T. Woodson High

tarium, 447 Crestover Crrcle, Rlchaﬂlson o

Texas. 75080 (214) 238-8111

Bill Lawson, Garland 1.S:D. Planetarrum- :
-3505 Hayman*Road gfparland, Texas 75043 _

(214) 271-4152
Sandy Nobles

Texas 75080, (214) 238- 8111

Jack C. Pemberton La Porte Hrgh School

Planetarium,- P.O. Box 22 La Porte, Texas

. T7571, (713)471-0950.

&

Donna C. Plerce, Dallas Health and Scrence
Museum P.O.. Box 26407, Dallas, Texas
15226, (214) 428-8351 T v

. tari
a8 75051 (214) 264 4731 .

S tt Pohl

‘Richardson 1.5.D. Plane _
‘tarium, 447 Crestover Circle, Rlchardson-

4. ohn Pogue, .Grand Prame 1.S.D. Plane-
- 301 'Warrior Tyail, Grand Prame, ‘

Nimitz ngh School Plane"
tarr m, ‘Oakdale - at Cent.er Road, Irvmg,_.

\, T "ﬂ

{

School Planetarium, 9525 Main Street, Fair-
fax,- Virginia 22030, (703) 23-1911

Elvira A. Euler, West ‘Springfield Plane-- '

~tarium, 6100 Rotling Road, Sprrngﬁeld Vrr- -

 ginia-22151; (703) 451-6403 -

" Lee Ann Hennig, Fort Hunt High Sctiool

Planetarium, 8428 Fort Hunt Road, Alexan-

dria, Virginia 22398,'(703) 360-5800 -
Richard L. Joyce, Penninsuia .Astronomy
Society, 524 J. Clyde Morris . Boulevard,
Newport News, Vlrgmla 23601 (804) 595-'

1900 ’

John W.. Kritzar'
Planetarium, 5801 Franconia Road, Alexa
dria, Virginia 22310, (703) 971-6850 «

Gina Lynch, Defense Mapping S oOI,ll
- Vit-

.+ " Department of Survey, Fo elvo)' 3
. gmra 22060, (703) §64-4391 . / .
-*Herbert D. Teuscher, Plaza J 1gh School

Planetarium, .S. Lynnhaven 6ad, Virginia,
Beach Virginia 23452, (804) 86-1971 -

John W Trissel, Jr., RY, 2, Box 281 A
WaynesBoro Virginia 22980, -(703) 943-
- 1057. (Augusta-County chools planetarlum)

Chrls Vagnos Hayfiéld Planetarium, 7630 .

Telegraph Road, Al andrra, Vlrglnra 22310
*(703) 971- 8920

-

- Paul D. Wilson /) Defense Mapprng School

. Department of ASurvey, Fort Belvoir, Vir- '_ '
glnra 22060, (703) 664- 4391 L _

oo s N

Eyring Scrence'l,. o

Edison High School S
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a_' Lo Washmgton .

_ N A Higginbotham,/Department : B L E

s sncs, ‘Eastern Washmgton University, Che: -~ - .~ 7o o e S

: /ney,Washm ton.99004, (509)3” _ T A S B
Dennis Schatz, acific Sciengé Center, 200 H

- -7 - 2nd Avenue,: Seattle, Washi e

SR (206) 382- 2)8 3 &

L / Wtyﬁgton,_ B

A Robert Wehrli, Model Secondary School for B A

° h ‘Deaf, Kerdall' Green,. Washmgton, DC. . ST B R T
002 (20' 447 0630 Ll ‘ O T Lo

West V/rgmia S e o T Coe L

_ "'chard Wonkka, 'Alderson- Broaddus Col- . ) 0 a L T /
'Aege Planetarium; Phlhppl West Vtrgnma*‘ R _ o e

- / / 126416, (304) 457-1700 o SR R Sl

,// e Wisconsin . o e e

© Peter Chard, University of Wisconson, Fox . o _ S -

P Center, 1478 Midway, Menasha, Wlsconsm' o R

ST 54952, (414) 1348731 el o

B 2 Paul A. "Taylor, ‘Buckstaff Planetarnum,-_' e e S g
S " University of Wisconsin, Oshkosh, Wiscon- - o ' '

sin 54901, (414) 424- 4429 | -

]
»,
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AN ANNOTATEI) BfBIJOGRAPHY

T & _ N
\'--\ 'r:. w; . e . -
L FOR PLANETARIUM EDUCATORS PR
o -~ o . ' v L y
'... , [y T LY ."" Lt : L . : ¢ * . - 3
P . U An exhaustrve brbhograp I\ of books and artrcles of . 1nterest to planetarrum educators
Ca el .~ would. gontain, thousands of eng gs. ‘We have selected severat sources in each major category o
L s ., that ar8Mikely to be- of mter 6 most readers. Those-who' wrsh"to g0 beyond these sources Ty
s ) may ﬁnd.{t useful o turn to s ion 9 B/blmgraphles and Réwews, for more comprehensrl'e lrst- ' L
IR ‘ . -ings, ' " N Y ' oo
St s N o The malor ca;tegorles cqH hined in thi_s__selected bibliography are as follows: .- ‘ a
“ ‘ , .'4".\ .o | . ".-. e . o _ s P ‘_ : S ‘-.‘
£ 4 h * FE . SRR S . 2 Y
N, L Perrodrcal? Covermg Astronomy - . L
“’7‘.‘? ) ” ,-' * e & N ot - o . ." .‘_. . .' ‘,- . ! ._ A . o "’.‘ “ ’
EATAIRTE ' 2 Books for Observers e ¢ et el Sl
Lo LY © o) [ S A -:.‘.(-‘.f - .; O S ]
Coe e 3 Books for Elenrentary Students anil Teachers R R 2 B
s : . N SR R
L ‘ - "4 "‘lrgh Schoo] and College Texts e ) o I Y, Y
3 ' 5: CollectronsofAstronomy l\ctrvftres R e - g - LT S a R
i} . ‘.‘ ‘ .'._ _‘."" - .. . ) LI .
T : -6 Artrcles and Research Relevant to* A o :
ST ) Partrcrpatory Planetarrum P‘rogrammmg o e
- v ; . oL V7 . S L N -
T 7. Research in the Classroom'Settrng o T e i v
# ~ 7 . Lo <. . ' L. . v . |.:« .
v | b‘: | | .. ‘-_~\-, . . | L . . R . . . ‘ .
oo L. Periodicals (_}over.ing‘Astronomy_-' o |
l. a. L . L . ‘ ‘- : By L ) ) . ) .'
J;, . '- * . : . . . ) . 4 k4
- ‘ \Astronomy is a beautrful colorful magazine for the layperson. It’s not for those seekrng
- 3technical information or treatments of the more difficult concepts. Astro Medra Cbrp 4f1 E
Mason Street 6th Fl'oor Mrlwaukee Wisconsrn 53202 ' ‘ o
RS ~ 3 .
. / ‘ e . . " . - v
o Mercury is-an. excellent thoughtful journal on Yopular astronomy that tackles tOprcs like %’avel ,,r
S r the speed of light and gstronomical images in ~poetry. Critical. brblrographles on Y e
. 4 . newsworthy and coptroversial issues like pseudoscience appear regularly - This magazme is free " -
v = “-with a ‘membership in & worldwide astronomical group which- also provides many-other fine
- beneﬂts. Astronomleal Society of the Paclﬂc, 1290 24th Avenue, San Francrsco, Cahforma L .
L S _' Odyssey\s the only periodlcal on astronomy we are aware of that is wntten exprdssly for Chil-,,;
, ‘ .« 7 " dren. It contains activities as well %s. pictures and shortarticles. . Astro Medla Corp., 411 E.
. ¥ . Mason Street, 6th Floor Mllwaukee Wlsconson 53202 L . .
D ' - N . -
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» ' 106 - - A o -
v . . ] . ~ N - Y . //
- '_ .' Planetarlan IS publlshed express‘ly (or and ‘by planetarlum personnel

;programmmg, finance, - technical®.develogaents, - .educational effectiveness studies, _chsmic
: humor, and in short, Just ‘about anythmg ou 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., Membershlp Chalrman Thdmas Jel’ferson ngh School 6560 Braddock o

Road Alexandrla, VA 22312 ; %

\‘ S . I ST .
. : - . . ’ _‘- e .o "\

~

- -" Planetaruﬂn D/recmrs Handbook contains a variety of programs actlvrtles and technlcal tips for
use in the planetarlum Address inquiries to Planetarium Dlrectors Handbook Spltz Space.
' Systems Ing., Chadds 'F0rd PA 19317 : -

7 v , -
N Sc/ence fews is easy to read up-to-date; and ml’ormatlve

.

tlonsDepartment 2 West Center Street, Marlon Ohlo 43302

Sk}/ and Telesq)pe rs for more technrcally mclrned amateur astronomers and scrence edt{cators
_ Very'good, for people who want® burld their own telescopes, or o beyond casual star gazifg.
" 5. _Fine photo—ess‘ays on observat tgries; "professional “and amateur Sky Publlshrng Corporatlon

o7 49- 50-51 Bay State Road. Cambrrdge Massachusetts 02138.
< . x-:x-*éf Wi R A ‘- _— o .

~ . . . ) « T .
. .

. . . . o~
L} T . ) . <

. . 2. Books for .Observers N

. FEE . )

- *Narton, Arthur, Norton's Star Atlas and: Reference Handbook, 1973, Sky Publishing Corp., 49-

50-51 Bay State Road, Cambridge, Massachusetts 02138. This is the standard reference for
©¢ - amateur- astronomers and includes ‘star charts, lists of mterestrng objects to look at and a cap-
B sule report on the state of astron mlcal knowledge : v :

QO
" Paul, Henry E Telescopes *for Skygazers 1976 American Photographrc Book Publlshlng Co’\v
Garden City, New ‘York. * Available from Sky Publishing Corp. (for address see reference.to
Norton, above ) Tlns is the best book avallable on selectmg a telescope and accegsories, _ '

; Tt .
- Peltrer Leslie C SJarI:ght nghts, 1965, . Harper' and Row, New York. Peltler is one of thé

greatest comet- hunters of -all time, and his- au'tobrography is delrghtl‘ul reading. lt s the best -

2 mtroductlon in wrltmg to the excitement of bemg an amateur: astronomer SRR

Rey, H. A Fmd ihe C rmstellatmns revrsed 1976 and Thv Sfars A new Wav 10 See Them, l975 .
Houghton Mifflin Co., Boston. These books provrd‘e srmple line drawings for |dent|l‘ymg con-
_ stellations.. Many users ﬂnd Rey's constructions vrsually clear and more meaningful than the
* traditional- Greek and Roman constellation outllnes The first book is for young stargazers .
_ (grades 3-7) and the second book is for more ‘mature stargazers (grade 8 and above). See'the

"lt : 'study by Smith in section 6. of lhlS ‘biblipgraphy for an evaluatlon of the educatlonal _
AN o eﬂ'ectlveness ol‘ Rey 5 outlines as used in the planetarrum .

Included are. artlcgsl on’ .

If you .want to be the first on’ your\' .
- block to know what #S discovered in the skylast week, this’is the ry]gazme for you.: Subscrlp-
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B S 3Books forElemeht‘aryStudentsandTeachers

. . . . S N PR | _
s A L oL R . .t : L VI
‘_’"A-‘ :

- Atkin, J, M)\l_r'on.'. and Stanley P. Wyatt, Jr., Co-Directors, The University of-Illinois Astronomy .
.. Prdgram,*1969, Harper & Row, New. York. This seties of six booklets presents a comprehen- . e
... sive, activity-based cqurse ‘in astronomy. The: concepts -selected‘ and level of presentation are
l . best suited 'for.high-'ability students in-upper elementary and junior hig-h'sch_oqls. :
". - Bergamini, D., The Universe, 1969, Life Nature Library, Time Inc., New York. This is a good
L book_no’t-only_for‘e'lementary school children, but also for older.persons with little knowledge .

’ of astronomy. Slightly dated. -~ . T e o Gg

e R . B

Elementary Science Stu_'dy (ESS) T eacﬁers‘ Gui'd_es",'_Dbyt'l_'_me-Astronomy,”'l97l, and Where ls the . 3__ _ u'
Moon?, 1968, McGraw Hill Book Company, Webster Divison, New York. Here are a number o
.- .jof part_icipatory astronomy gcgi\fitics whic_hvn be dqne d'ur_ing.the day, and as homework.

Jobb, Jamie, The Night Sky Book, illustrated by Linda Bennett, 1977, a Brown Paper Schodl
. Baok, Little, Brown, & Company, Boston. Ayrpc_tive' illustrations, photos, and suggestions for .. '
" things to make and do will draw many readers into astronomy. T eachef's and paren{s should'be -
~ _ “aware, however, that although the book is intended for- Sth grade and above, the reading level
" 4 -~ is'too difficult for most children at this age; consequently, The Night Sky Book would probably * o

SN . be most effective for junior' high students. " * - - < ,
S oW, =" MacBexs, J.C.y.A. Stecher, D.F. Wentworth, and J.K.Y Couchman, Examining Your Environ- .
- % g - ment: Astronomy, 1973, Winston Press, Minneapolis. This classroom set hds many nice astron: SR
",° - omy"activities, but.deesn’t cover dny subject in depth. B o
_ ‘Moché , Dinah, What's Up There?, 1975, Scholadtic Book Services, 904 Sylvan Avenue,Engle- -
' d ‘« wood Cliffs, New Jeisey.. This is an eéxcellent and ‘inexpensive "first".book on astronomy for-
>+ young children. : " , R P
ORI ~* 4. High School and College Texts . * Ty
In“this section we have listed only a few of the more than 50 astronomy textbooks that, = .- 1

‘are-now on the market. For an -overview. of these textbooks, see the ‘two articles by An’gh'ew '
‘Fraknoi, Cited below. e S . v T e
. -Abell, George O., _Exi)lo?qtmh of the Universe, 3rd'Edi{ion,-l975, Holt,”Rih'ehar,t., and 'Winst_on,'.'.' . o
v New York. Abell is a g}qssic_:text‘ on astronomy, cfovering all ‘aspects. The math level is ﬁ_rstf o

" . Fraknoi, Andrew, “An

_ "Analysis of lntrOductory_ .Textbdblgs in Astronomy," Physics Teacher, o
- May, 1978, p."309. - L S SR :

R

&

pdates - .

_ 'Frak’rl.oi; Andrew, "Textbooks," 'Mercury,. Jahuary/Februgry_,- 1_9_79," p. 20 This _.artibl'e u
~ Fraknol’s 1978 analysis of astronomy textbooks. = e ) . :

v . .. . : ) ;i . . . ) . . . .
. . . ) . P . » ““' . .. N S - '
. o . N . [ . . i
§ i '
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S . Holton, Gerald, F.J. Rutherfdid, and FG W:é’ drrectors, Proyect Physrcs 1970, Holt,
g Rinehart, and Winston, New York. The -Unit I Text and ‘Reader pfo&' de an excellent high

school levsl treatment ‘of the concepts and. historical development of astronomy ‘Laboratory
_. exercises which accompany ‘the’ prograin have students plot orbits, measure the height of . moun-
- talns on the moon, measure the diameter- of the earth and perform other activities.

y, T E Jastrow Robert and Malcolm#.l Thompson Astronomy Fundamentals and\ranuers 3rd Edi-
VL - tion, 1977, John Wiley, New York. “This college level text is one of the best books for a funda-~ - -
~* ‘ . mental understaqdrng of astronomy--all without math. It does not cover in depth the motions % -

that can be observed in the sky

: Reed George, Naked i Astmnnmy, and The Astmnnmy nj One Cnnstellatmn, 1976 Kendall Hunt =
‘Publishing Co., Dubuque, lowa. Designed as a two semester course for secondary or college,
students, the ﬁrst volume includes information and activities related to what the students can =

-~ . observe with the naked eye. The second volume covers modern astronomy, relyrng on examv, -

: ples from the constellatlon Orion.. - : L

‘rt‘l.

N . S 4 e, . .- R I ,

R 5 _Collectioq; o'_lf A_stronbmy‘Act'ivities |

R M
M 1[4

o'

American Aslronomrcal Socrety, AAS Resource Paoket for Teachers, AAS Educatron Ol’ﬁce, c/o' s
’\Harry Shlpman Sharp- Laboratory, Umversrty of Delawarg, Newark, Delaware 19711, This
- packet is a sampling. of classrcom activities and other resources for middle school tjachers T,
QKnappenb'erger, ‘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 dis(illed from a large number of activities developed by teachers to present astronomy
in grades 7-12. The actlvrtres,have been tested for accuracy oj)rnformatro’n presented and “)r
workability l{the classroom. SR :

PR -t . . i
- .'Lawrence Hall of Sclence, "Astronomy Education Program, Sky Challenger--Games Jor Star
“ Gdzers, 1979, available from Dlscovery Corner, Lawrence Hall of Science, University of Cali-
fornia, Berkeley, CA 94720. Thig,8eries of interchangeable "sky wheels provrdes several

naked -eye ‘and binocular observr’h ctivities 'for age 10 to adtllt, ..

* , .
~ Middle At\lantlc Planetarlum Society and the Unrversrty of Maryland Under Roof, Dome,sand - )
* -« Sky, 1973, available from Lee Ann Hennig, 391’1 Sonora Place, Alexandrra Virginia 22309

- (88.00). Forty-five activities are described which can be’ performed in the planetarrum These
were desrgned for use wrth the. new currrculum projects . , _
. R .7 ' T S S - .

~

Y, T
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o '_- 6 Artlcles and Research Relevant to . ?”f’w aA_'. .
Partrclpatory Planetarrum Programrhing : “ |

PO -A o .
. . . Y . .
: A ] . . ) R I

» ) - .. b A. ) -. - .

) e .

Blshop, Jeanne( "The Development and Testing. of a Hartrcnpatory Planetarlum Umt mphasiz- '
_ing Projectnve Astronomy Concepts and Utilizing theeKarplus Learning Cycle, Studen Mampu-
.lation, ‘and Student Drawing," 1980, ynpublished' doctoral. dissertation, Umveerty Of Akron,
Akron, ‘Ohio, -A"unit on astronomy was developed to enable Students to learn the relationship
- between two Eersp‘ectlves (on eafth and from space) of commdn ‘astronomical phenomena. The

- = unit.was presgnted:to one group using a traditional method of instruction and to another group o
using the Karplus Learning Cycle, a specific "pal‘thlpatOl‘y" approach. Beth groups performed .~

better. on an immediate .post-test- than did a no- -treatmefgt . cont | group, but there was no

: sngmﬁcant drﬂlerence between groups. expMo the twojinstrictional methods. A ‘delayed

post-test, however revealed that the students exposed tothe partncrpatory approach retained , ‘¢
stgmﬁcantly more of what they had learned’ than’ dld stOdents exposed to the traditlonal

approach L — L e e Ve Cm e

- . -

Curtin ‘John T., "An Anflysls of Planetarlum Program Content and the Classnﬁcatrou of
Demonstratol ) Questlon 1967, unpublished ‘doctoral dissertation, Wayne State Umversity
‘Curtin analysed 38 recording tapes and 35 questionnaires of planetarlul'n programs presented to.
schoeal chil ren "Accordmg to Bléom’s criteria, . all but 9 of 413 questions were in the
knowledge cldss." Seven questions were in translatlon One was in analysxs of relatnonshlps
and one. was in extrapolatlon _ _ — = _ , L _
. \ A . . . - N D
F'Tétcher Jack, "An Expenmental Cq,mpanson of the Eﬂ'ectlveness of a. Tradr‘ronal Type Plane- , -
tarium Program ‘and”a Part;cnpatory Type Planetarium Program,"™ 1977 unpubhshed doctoral
,dissertation, University of Vlrgmta at Charlottsville. . Fifteen. planetarium instructors presented . -

partlclpatory and traditional versions of a program on Stonehenge and how it relates to the - - .°

. annual. rising and setting _points of the sun. Since- discussion was permitted durjng the "tradi- " -

tional" programs, the only -difference between the two presentatnons was the physncal activities.
‘When data from all of the instructors were combined, both methods werg found to be educa;
tlonally effectrve but no significant difference was found betweeri them. However, the students, .
- .of six of the instructors learned significantly more from the p'artlclpatory program than from the -
‘traditional program,‘and a significant difference in.the ‘opposite direction was found for two
mstructors This. finding led Flefcher to conclude that the instructor was a more lmportant fac-
tor m student achlevement than the method of. mstructlon o e '

L

Frledman Ala J ”Alternatlve Approaches to Planetarlum Programs" \1973 Mercury, v2, . SRR

“Jan/Dec, .pp. 1 18 Presents two -alternative approaches to planetarium progrtamming: 1)'_
actively lnvolvmg the vnsltors in activitiés durmg the program and 2) presenting astronomy' )
concepts wlthln thelr cultur lcontext. =~ . = . ¢ | ‘\ P s
Frledman, Alan Ji, > ”lntera tlve Public Planetarlum Programs" Proceedings of lhe I 974 Confer-
ence of ISPE, lmernatlonal ociety of Planetarium Educators, Specidl Report-#6, Atlanta, GA,
pp. 52-55. Describes interactive p ograms at the Holt Planetarium.- A variable star’ observlng.
activity is' offered as an exanlple of how. visitors can lnteract wnth materials and the mstructor _
durlng the program - ' _ S . ‘

.- S . et
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Frredm Alan J ”Par‘:patgry Planetarrum Shows" ' Planetar/um Directors Handbook 1975 -
pltz Space Systes, Chadds Ford, ‘PA. Presents six activities that can be used during .
plan rium programs t& enable the vrsrtors to learn about t.he concepts and process of astron- .

Future of the Small Planetarmm" 1976 Planetar/an December pp. 3-8. Th's article offers a n'

© .more precise definition of "participatory” programs, and’ extends the rationale for this approach '

to include economniic consrderatrons] and research in the’ ﬁelds of educatlon and psychology

Mallon Gerald "A Pilot Study 'l'ape VS.. lee Teachmg," 1974 Sczence Acuvmes, vol. 11 ho. S
pp. 10-11. Mallon performed a carefully controlled experiment to see if the physical presence

.- of a planetarium instructor makes 'a drfference in learning by the visitors. The same program \

" was presented ‘by automated tape and by an instructor. The group who had the live presenta-

' tlon performed srgmﬁcantly better than .the group who had the taped presentation. - R o

. N
. . . N (-y Lo A

the Effectiveness of a: Traditiong} Star Show Planétarium Prograw. and a Participatory-Oriented .~ .~ -~

_Mall n, Gerald, "Student Achlevement and Attitudes in Astron%An Experrmental Study of

Pla etarium Program," 1980, unpublrshed ‘doctoral dissertdtion, Temple University, Philadelphia,
Penhsylvania. .The study found that the participatory program was more el’fectrve than the trad-.
itional star show in promoting concept learmng and attitude change. The ‘major. study, whrch
involved -324 students in Pennsylvania, 'was complemented by four smaller studres at widely S
separated regions in the US : : . AR o S

-?

E Schafer/ Sheldon, "An Experlment in” Partlclpatory Planetarlum Programmmg," 1977 Plane--

tarian,-vol.6, no. 2, pp. 10-21. Planetarlum audiences were polled at the conclusion of various _
programs The pr|mary results showed that-48 percent preferred the participatory show, 21 per-
cent preferred the theatrical multimedia show ‘and 31 percent had no preference an;l emoyed

bothshows T - "

R o o o
& . .

Shafer, Sheldon, "A Brlef Negatlve Encounter With Partrclpatory Shows " 1977 Planetarian,

.vol.’6, no. 3. The author reports thie’ results of a post-visit survey of school groups that experi-

enced partlclpat()ry planetarium programs. - Although students claimed to prefer partrcrpatory
shows “teachers e&preSsed the following reservations: 1) there was too m questlonm‘ an

answermg, 2) the~ sHow: was not as vrsually interesting as conventionaW®$hows, 3) ‘only the. B
._brlghtest students ténded to partrcrpate and 4) the teachers belreved that the students emoyed o o
-the conventlonal show more e R ALY T
'Schatz, Denms, Greg Swanson and Dave Taylor "Cerebral Partlclpatory Programs Therr Role - ; L . » '

in the Planetarium”, 1978, Pacific Science Center, Seattle, Washington. (paper preSented at IPS .-
_ Convention in Washmgton D.C.) Describes. & study which compared two types o teractrve
;_prr'm'ns a.-pragram which involves the visttors 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. Bqth groups performed equally well : '

'

- on paper- -and-pencil tests of the. visitors’ abllltrv to use star maps. Cerebral:participatlon seems

" . especially. surted to large planetarlumst in whic

some types of phySIcal actmtles are dlfﬁcult to

arrange. - o T UL f, N
T R t
' P '
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.‘.Smrth Theodore V., "The Eﬁ'ectrveneSs oﬁConstellatron Figures, " 1974, P[anetarlan, vol 3 no.

3&4, pp. 74-83.- Thrs research - report on methods for teachrng constellation recbgnition '
“describes prevrous studies and critically reviews their weaﬂnesses The central focus of' the arti- - - i
cle is.a well-controlled ‘study: which showed that constellatron ﬁgure outltnes used. durtng the

'program do not. help vrsrtors r;ecognrze the constellatrons on a fest,

. ’ . )
N ..,' ¢ .. ' a o - . e -
.. n.'(\'_'.' .

‘A§,Zh7tR$®mhmﬂmCh3mmn&mmg |

. Dunkrn, M and J Brddle, The Study of Teachmg, 1974, °Holt anehart and Wrnstoh New , ‘

York: This is the most extensive review eve§ published on classroom res;arch contarnrng over

E 1, 000 research studres summarrzed in 8’ coherent and readable format

- Lowery, LaWrenceF Leammg About Learnmg Questlonmg Strategles, 1973, Untversrfy of Calr- B
~ fornia, Ber‘keley, CA (for address; see referencé to Lowery in Section 8 of this blbllography)

"‘Thls booklet containg personal workshops that’ n'gstructors in all drscrplrnes can use to improve .
~ their own questioning sfrategres Also rncluded isa brblrography on the use of Questrons in the

'-level-r REEEE

L

- classroom. - . .

\) . . Lo ” . . . . . . . v
. . . . L - . .
. - o . [ -
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. - . - . . . - .
- LT . _ 4 ., . y .-
. . . . 1 . . hl .
'l . ! - .
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-

@rshop, Jearfge, "Planetarrum M-ethods Based. on, the Research of Jean Plaget " 1976 Sc:ence
- and Chlldren, May, pp,S 8. In this article, Brshrp relates Piaget’s stages of, rntellectual develoﬁ'

'ment to concepts ‘that . are frequently taught in the pldnetanum Releyant for. teachmg pre-

S schooI through adult

_-"“‘V'Charles, CM., Teacher's Petit Plaget 1974, Fearon Press, Belmgp
.- beést brie£ and- mexpensrve ($2 00) mtroductron to Praget s work antl its imﬂlicatrons for educa-
--.tron . o

- -

'f*.;:ddo~' ?rgy}115y|55[”' ﬂf.

* . ) -

Morrber, George, "Wait-Time in College Science Classes," Science Education, 19, vol. 55, no.
'3, pp. 321-328. Descrtbes research on wait- trme followrng teachers questtons at the 'college

®,.
» :

. . .
- . ) . : . kA
/‘ . .o ..’ ),

Rowe,, Mary Budd, "ScJenoe, Srlence and Sanctrons," 1969 Sc:ence and Chrldren, ‘March, pp
11-13." Very readable description of research and wait-time followrng teachers questrons and
the use of rewards and pumshments wrth elementary school scrence students ‘ ' .

. [y S

N

7 - 8. Phaget’s Theory of 'In-t_e_ilectual De'\f.'el‘o[':)-men_t',_'l_"' ',"._\

N P |
At o \_ . N L I - : Y

L ]
F

t, Cahfornra Possrbly the

. - —

N e

.Cowan P.A., Praget Wlth Feel/ng, 1978 Holt Rmehart and Winston, N‘ew York A weral
.~ summary of. Plaget s work -and theory for those worKing directly with chrld;en It offers an
. excellent’ secetron on the motivatronal and aﬂ'ectrve consequents and correlates of nget’s cognr-
R tlve stages.-:

‘-"\. Y. I

A
Ce - . . . - . .

4 A ‘ ) . i o . . P :
‘\,, 4 . e . . ] ) . . . A

e




h “_ .- . ‘ ’ . [ : :/ -1 "Vl"'_ - . '..',- . L E ) . :._' . _»-..~ v L . '.!
0 . ‘ s ..-' o ' e ‘ L . R \ .o R . - e o . h

Elkind, David, "Piaget and Science Education," 1972, Science and Children, Noveriber, pp. 9-12. C
~ This is one of the best articles. concerning the implicatiens .of Piaget’s theory for science educa- . ST
" tion, SR P e
" Lowery; Lawrence F., the Learning About Learning series includes the-fdllowing booklets on ™\ \ S

. Piagetian theory.-and ‘tesearch: -.Classiﬁcation'_Abilitie's,_ 1973, Conservation- Abilities, 1974, and " . o

. Propositienal. Abilities, 1974, University of -California. Available for $3.00 per booklet plus tax - L

and handling, from the author, 4531 Tolman Hall, University of California, Berkeley, CA' -~ ) S
94720. Each booklet is a self-contained personal ‘workshop in how to interview- students to. - -~ -~ -
_ assess their level of intellectual developmerit. Summaries of the'relevant research: studies are
© Lalso include\i_? to help the readqr.rela_te, the results of these interviews to the work of fbthers.' _
- “'Piaget, Jean, The Child’s" _Cz/nception of the ﬂ(orld, 1929, Harcourt, Brace, . Jovanovich, New ™

" York: - E o , L » : '
- .‘ N . ‘.‘ . .. . ’ . o . -v ’ N ’ '- o . A .¢ . ' l . : B L. / '
. Piaget, Jean, The Child's. Cor'_rc'eptiqn'bf Physigal Causality, 1970, Kegan Paul, London. " R
. .. Piaget, Jean; and Barbel Inhelder, The Child's Conception of Space, 1956, Routledge and Kegan. . - _
v. .+ Paul,:London.. o o e o T T R

- Pidget, Jean, and Barbel Inhelder, THe Growth of Logical Thinki(:g- Jfrom Childhood to Adolescence,
-1958, Basic Books, Inc., New York..- . ! e s R

. P'ia'g_.et, Jean and Barbel Inhelder, The' Child’s Cpnceptff)h of Gedme;'y: 1960, Basic 4B60k_$, Inc.;
CNewYork” o8 e

.,

Piaget, Jean and Barbel Inhelder, The, Early Growth of Logic in the Chiid, 1964, Harper and Row, ~ o
New York. - . C ' . oo I

- Schatz, Dennis, and Anton E. Lawson, “Effective Astronomy Teaching. Intellegtual Devejop+ . * 7.0«
.+ ment and Its Hnplications," 1976, Mercury, July-August, pp. 6-13. This articlé applies Piagetian - - |
T . theory to astronomy concepts commonly taught at. the high school and, college level§. P T -

Schatz, Dennis,” A. Fraknoi, R:‘Robbins, and C. Smith, Effective Astronomy Teaching and Student A
" . Rqa,sbning"AbiIio).' A- Self-paced Workbook, . 1978, Lawren¢e Hall of Science. This-290ff)age T
v~ paperback isjvailél')le fo}/38.00 plus postage and handling from the Astrqnomical_-quie.ty,of te =~ . T
~ ©* . Pacific, 1290 24th Avenue, San Francisco,.California 94122, First presented at a meeting of the © .~ -

- American Astronomical Sociéty, this workbook is a. self-contained program. for 'ir.hi)r_ovmg R

- 1 ._.astronomy teaching qt“'the]high' school and.college levels. It includés an ﬁtroductidn to-Jean-.: S
... Piaget’s theory of intellectual development and- its implications for science teaching, as well as . . L
", gections for.analyzing reading materials, lgboratory activities, and films. Comprehdnsive appens = . = . ..~ 7

~: 20" dicks list resources for use in agtrqnoiny- courses. - .
. _‘;g’- " _Wadsworth, B.,.Piaget for the Classroom Teacher, 1978, Longman, New York. _'A'n'exce'llent '
SRR “background to Piagét’s theory and research together with applications for'cduq‘at-ibn._ It also o
.= contains excellent chapters.on Piadet’s theory as applied to sciencé education and evaldation.: - . Lo,
' o, e . ) . . \’. ,' '. . - .- K ’ .
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o7 onee andl Matheratics, voli 13, no. 8 (November), pp. 653-6% .This'article describes a numbet *
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- . Physics. The Journal-can be found in most libraries, or reprifits can be ordered from the Ameri-

.. the most ,importgntvﬂnﬂing;'of‘ this review was that research. does' not. support the'.t_rr'aditi;'mal. o
..~ onexvisjt'planetarium. upit--more cafi be done i 4 classroori.; -+ ¢ A A ‘

Y .

LI
EE

‘Brook, New York 1794, - - - -

o -Bishop, 'Jéannq E;, "United Stéteé‘j\étrqnomy Education:'.Pas'_tl Prese'nt,':and'Futurél,"'1977, Sci-

S can’ Association of Physics Teachers, Graduate Physics 'BQilding; SUNY at Stony Brook, Steny - -

° -

ence- Education, vol. 61, ne. 3. This comprehensive review. of activities jn’ astronomy education

sketghes the chggges’ in. public- policy, curricula, professional organizations, and the- role: of ' ¢

"~ astrohomy. in the schools from 17th century Colonial America to the present. RS

4

F’rak'néi, Ah&:ew, 'Réﬁou(be Book for the Teaching of Astronomy, 1977, ‘W.'H‘. Freeman, San Fran- -

-cisco.

h Ur_zfold?tg',,but teachers at all Tevels from junior high up will find it invaluable, regardless of.the .
o -,_t'ext being used. Fraknoi summarizes the. crucial ideas of each-topic in astronomy, and recom-
" mends films, articles, slides, discussion ideas, and even quiz questions. _ - o :
" Reed, George, A ‘Bibliography for Planetarium Educators, Parts | and 11, contained in 1SPE Spe-

cial Report' #2,-1972, and #4, 1974, Intérnational Society of Planetarium Educators, Reprints~
are available from the International Planetarium Society. ‘Write to: Walt Tenschert, L.P.S.

-Membership Chairman, Thomas Jefferson High School, 6560 Braddock Road, Alexandria, VA .

- .. 22312, This is the most coffiprehensive listing of research available,'alt_hoi:gh the bibliography '

Sunal, -Dennis W.,'Cyhthia,S..~S¢?ﬁl, and Sargh H..Cowan, "Resources for Teaching Astron- -
" omy," -1979,- Science Activities, vol. 16,-no.” 1, pp. 31-39. * This bjbliography contains a large
. muntber of-articles for teaching astranomy; relevant for primary. grades through pqll_ege. A

'_ " is not Jimited to reseggch. Each stud}",is_a,riqotated in q\e{ail.'

4 T o .

Sunal, Dennis, "Analysis of R 'ear_ch on¥the Educational U_'sés of a Planetariu

‘""" which did not.provide data of visitor learning, he was left: with nine §tudiesto review. ~Perhdps

Yy
0

. . 5.

¢

‘-

' ‘Wﬁrnéking,Glé'nn E., "Planetdrium Educatioh in the 1970’s-- A Time for Assesémen't;" 1_9'70,'
~ " 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‘cfons_ide’red in planetarium research.
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This-guide was written to-accompany Ivan King’s introductory college téxt, The .Univer_‘sé\- o

e PR .‘.':.; -‘_-"._4 j:.~-.‘ . ’ L :' e g ‘ : . . . . . . ':: _.__": w" ‘ - . '.'_‘ . "': ’, y -
- = Wall;-Charles ‘A., “A Review of Résearch Related. to' Astr nomy Education," 1973, School Sci-

of ‘interesting 'studies Wh‘ic_h’are neglecte in other reviews, since studies. outside of -the'Plane4 T
. _‘;~ N ‘lltarium-'se.tting are inClUded . . R " o el :,' : e ) .. L

Berendzen, Rithard and David DeVorkin, "Resource Letter EMAA-1: Educational Materials in- .+ -
Astronomy and Astrophysics," June, 1973, and "Resource Letter EMAA-2: Laboratory Experi- ~. -
- ences for Etemeﬂt‘a;y Astronomy" by Haym. Kruglak, Sept&mber, 1976, American Journal of

.kA

! ith m," 1977; Jouinal™ .
. " of -Research in-Science Teachirg, vol. 13, no. 4, pp. 345-349. Since Sunal pejected all studies., °
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~ CONSTELLATIONS TONIGHT

n _dren understand the origin of constellation fidures'by creating their own.

A PROGRAM FROM THE HOLT PLANETARIUM

. ! oo 2
_ Objectivess.._..:...._..'.'...~...-........t,'......; ...... ceceennee B PP U PR 3 ¢ )

Acknowledgements..,; ..... ' . ....... sisvivesens i , ..... us | -

: Matenals..'..._..-....,\.'...' ............ TS P P TTTTRITE SO TRRRITS (118 ' -

. ) Vo - - 0 ' ‘ ._ . d

Script. ... \ ................... PP ST eenens eeee 119 ‘

'Star Maps ..c.ooviviniennnns besereirens Cevegeresieieees l.« 128 - Cot

: . ’ " o v\ - .- TNy R ‘ K

: 'Dlscover More About Constellatlons S P P ST TTCITTI kLY ,

'Materials'for classroom-use' R e

. S . . ) K

. Actnvnty “Creatmg Constellatpons \<x l/\., ;” .f..'t..'..:.;::I'.--'f.'_.';f-f_-_.-:' 135
Actlwty "Usmg St‘ar Maps" g\«, 143 S
Qu|Z: "Constellat")ns "".".'".9-'-.t;c'c.-..'.-_c-b?-bvo: QROQG;'g-.e-cﬂ;::q'f.;.-cooob .--.cc'-,:‘c--153 - A ‘.n'-

Preface | R

Constellatlons Tonight wis- desngned for public audlences and for school chlldren in grades &
four and above. -With simpler star. maps and otlm; slight modlﬁcatlons it. could be presented to .
- ¢somewhat younger audienices as well. ' : . . S

The program begins by inviting the vnsntors to locate a famlhar constellatlon the Blg_" o
- Dipper. Then- a brief discussion bring out the many possible functions of constellations. for o
the -people who invented them. - An optional activity for younger school- groups helps the chil-

The major act1v1ty teaches the visitors how to use a star map for ﬂndmg specific constella-

. LY
_tions in the planetarium sky. Visitors then take turns pomtmg out théir constellations to the ' :
_ entire audience. As each constlellatlon is.identified, the instructor may -project artists’ concep- - -
" tipns of§he constellation outlines, tell a short version of the relevant star'myth and/or show- o
telescope views of star clusters, nebulae, or galaxles that can be found in the constellatlon .
* 'y . .- ) L, . L. : . o o I S
. L, ‘ : . B , AU . : ] . }
119 IS R Y
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S S D g
4. ) . . .




v ~ .
Y L We would be very grateful to hear from yeu.about how you used thls program what
SRR modlﬁcatlons you made, what worked well and what‘%ln t work well - -, -
. R . B . . . - . . . .
R L Objectives ’ -

P Air attending th'is planetarium program,- the ".visitors 'Wi-ll,,.be able to:
L4 T » . - .' ‘ - ~ .
_ -‘_1 . Explain that constellatlon ﬁgufes are created by. people in many socretles Although there .
T are many different’ possrble constellatlon figures for a given pattern of stars; everyone in a _ _

R o glven culture generally agrees on a single ﬁgu’e for. each star pattern that is, thought to be e

‘e
.

~*important. " .
2. Describe at- least two functioris that constellatl

i } . ' Use a stdr map to find constellatlons rn the planetarlum sky, and ultlmately ln the real -
e e nlght sky, and " : : :

. g “4 Reallze that they can use the star ,map they take home ’and fe,tf that it |s fun and satlsfy-
BT B .rng to ﬁnd= constellatlons in the sky '

et ~ I R . o

SR o T ) - U : L. . . i
1 [ i~ ‘

vt .

ns serve for the people who share them,;

A B , S S AcanMgements :
CoL R . « ‘1/ |
' The partlcular versrons of the Dlpper mentloned on. pages 124 25 come from the. follow- "

.ing. sources (referenced fully-on page 126): - : . L e

S L Greek myth and "B%r and the Oak Tree" mytnfrom Staal s Patrerns m the Sky - ,
w “Flve Wolf Brothers" myth from Clark"s lnd/an ngends of the ch(ﬁc Norrhwést A

.
- . . . . . - . 3 . . . - . .
- . . . D . N _:~-, . T . [ . \

’ v Materrals '. ) L L ~

t)f‘.A oncapage star map for the eurrent season for each partrcrpant to use and 1o take home
j'.'Coples of the maps we use are altached to this program. You may wish to develop your own,
PR or-yoy can_obtain free permission‘to reproduce ours by writing to. us. Gerald Mallon, of"the .
TR '_Methacton chool District Planetamum in Norrlstown Pennsylvanla, suggests using.an over-
"+ head ‘transp rency, of* the: map tq, explain-how to. use_it." Sheldon Schafer - of th Lakeview .
-~ ., “Museum Planetarlum of Peoria, (Hlﬁmls prefers the "Formée Cross style map, deveg\lbwd by
. ' . RK Marshall. -~ - - '
) A battery-operated light polnter. These are ayarlable from- photographrc stores. They’ may-:
TN be used as is. ‘We modify ours in the following ways to increase battery life: a) replace the slrde-_’
} : -switch wrth a momentary contact push button; b) add.a silicon power dlode in serles wrth the
/ _batteries Yo drop the. voltage and c) use’ rechargeable n|-cad batteries. . R

_ " Optlonal , :
" 3) Readlng Ilghts for the partlclpants. ‘We have 7 watl mght llght orange bulbs under the
. cove, with shades so they. shine down on the audience. This is Very convenient, because ws;;
tors can examine their star charts and look back up at the sky freely. The program can also be - -
- . done by turnlng up the: dayllght for people to study thelr charts, and then turnlng it down for
" sky examination.. . -, N . \\
" 4) Constellation outllne pro,leetors. We use the rnexpensrve "brute force" umts from Charles \
7 Walker," 33 Beatrice Avenue, Bloomfield, Connecticut 06002. Another optronal component of
-~ this. program is a set of outllnes of other verslons of Ursa Malor--a dlpper, a plow, and a group
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E of figures from a Native. Amerlcan legend 35 mm Kodalith slldes, mtended for "orange-Jurce '_
- can brute force prOJecto " are available from us at cost. 3€e page 97.,

.~ 5) Slides of .interesting objects (nebulae, galaxres pla ets) in the current sky. We s

Ay

‘

*

L

Jlect three _-‘ -

or four slides, usually. from the Hale Observatories® sériés ar from the Hansen Planetarium set °

" by Charles Capen (15 South State Street, Salt Lake Clty, Utah 84111) The Iatter more, closely ‘ o

o -approxlmate the view in small telescopes.

i

Scrlpt

o~

N

.

e _\ " We don t expect the scrrpt which follows to be’ memorrzed (as an actor might memorize a ’.
part). blit to be used as a gulde in learning, rehearsmg, and.improving presentatlons We .

*ticing’ the projector controls, slides, special effects,-and music. You should be able to imagine
. 'yougself presenting mformatlon, askmg questrons, and- respondmg to parthpants For- your first .
. few presentatrons you can have: the scrrpt on hand, usmg major headrngs as remmders of what - .’

recoimend that you read the script ongg. or twice, thén work with i in the planetarrum, prac- . * -

".jtodonext SRR ) _ o . R

o ' “The script is orgamzed M blocks or s%ptrons The purpose of these separatr,ons is only to. .*_ 7

. .help you learn and remémber what comes next.. Qnce you ‘have begun a section, the ‘'slides or . '
A N ;specral ef‘iects and your own train’ of’ thought wrll keep you.on track. When begmmng a new '

e e sectron, make the transition logically.and smoothly.. .- S . A

_ Directions_for thé instrictor are prifited in italics, the- mstructor s narrative is prmted m " \_ o
) '.regular type; ~and. dlrectrons and" questions to which the- audle,nce is expected to respond: are .'5
... printed ‘in, CAPITAL LETTERS There' is ne point in memorizing narration’ word-l'or-word ‘
TP ';_ﬁsmce what you need to say will. depend pon the participants. The language you' use ant the .-
o '_. i . number and. kinds of questions. you “ask 'ill depend on how old the partrcrpants are,. how wrllrng '

ol ,'they are to respond, and how easrly they seem to underStand what is-going on. :

We belre\le the most rmportant elements of the program are the questlons and the activi-
. tles srnce these involve the audience in‘gctive learning. If you must shorten your preSematlon, .
we recommend that you borrow time fro the narratron o :

.,‘_« -

v " . .The followrng checkllst is suggested as a gurde in preparrng for each presentatlon - S

' ‘ Latitude: Home. | ST

| Precessron Current .
Trme About 9:00 p m. -
Set sun for today s date. : S o L
Tuin off sun, moon, planets, NESW lrghts e SRR S ’

- Chegk constellation outline allgnmcnts B R

. Set slide nrOJector on first slide. o o R |

~ Turnon dayltgl‘lt stars and music, | o . et | |

| ve a current Star map on hand, for each member of the audrence SR

ion of battery~operated llght pomter co

y

N

L

3,

-4,

' 5
\ e
Oy

R Be sure to
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T #« TAKE A LQOK AROUND THE SKY AND SEE IF YOU, CAN FIND A GROUP OF . -
STARS THAT LOOKS LIKE SOME KIND OF ANIMAL, PERSON, OR THING. RAISE -

-

—-y
i

A ’a
ST INTRODUCTION

Gradually tum down dayllght and muslc (Stars will appear)'

' Welcome. My name i§ ==monmobocs and I would like t welcome you to the - -
" Planetarium. Today, you can: learn how 1o use a star map 1 ﬁnd the constellatrons and some of. .
" the brightest stars. .. - A R . v —
' The stars whrch you see now ‘are’ Just a$ they wrll appear tomght from our area around A L

-nine or ten p.m., if the sky i is clear. 'Let’s see if you can find one constellation without any help i

from e. LOOK AROUND THE PLANETARIUM SKY .AND:- SEE IF YOU'CAN FIND. A

GROUP OF STARS T HAT LOOKS LIKE A BIG DIPPER HOLD UP YOUR HAND WHEN . .

'YOUFINDIT. -~ - ¢

Wait until most of the partrcrpams mdicate thaf lhey have jbund It, then glve one pefﬂ)'iﬁh(,,t S '
" pointer to- show everyone else the location. -Ask._him -or her to slowly point out the " handle" of thé Big. -

. Dipper and them"part that holds the. soup." If your. person found "another” dlpper shape; be positive.

'Note that there are many 'Zilpner-hke shapes, all good but we want the most faml iar onea Then ask '

for another dipper.shapeto be[t)und A R A

Every crvtllzatton all over_thg earth has names and stofids’ ab6ut the stars Usually, A
these storres are about a group_or- "constellatron" of stars that seem to. lbrm a pattern' of shapei L e
" in ‘the sky.. People who l1ve?at dlﬁ‘erent imes; in different places; offen”chose the same.groups =~~~ .«

t: 1magmed ‘themto. lobk hke The partrcular ammals or gods that

"of stars .as iconstellations,~b
" -welte' |mportant in their own cultme What we call thé Brg Drpper fof instance, was called Ursa
Major, of the Big Bear, by the- ancient’ ‘Romans: (Point' out parts of bedar.) “WHY DO. YOU
THINK THAT PEOPLE LIKWI‘HE ROMANS, WHO. LIVED THOUSANDS OF YEARS
AGO MADE 1 §) NAMES AND STO‘RIBS ABOUT THE STARS‘?

‘Acceptall a swers equally, then_list the: parucrpams ' idea® before gtung on

, One_of the reasons ,for |dentlfy46g c0nstellat|ons is still important today--ﬁndmg dlrec-__'
: tions: Sa;lors, flyérs, -and even astronauts tell. directions by the stars:.. If you are lost’in-the - -
ﬁnd o
Polarig, the North Star. Since Polaris is. always n the direction of North, we can use it as’a - -
*" compass in the-dark. DOES ANYONE KNOW ‘Al GOOP WAY TO. FIND POLARIS? (Usually
: . someone Hoes.. In any event, use your pointer - 1o show the poinfer stars; Polarts, and the ﬂorthem-_ L
. horizon and the other direction.) In fact, Polaris |f1d|cates North w1th more accuracy than a Slmr L

* woods, but you know ‘that’ there fs a clty 1o the South; you can, use the -Big Dipper 't

. ple magnetrc compass. “(Turn on- NESW lights.)

ST Astronomers today use constellatr S as, cngement drrectron marke s*tO help name and |
- focate ‘interesting objects, hke "the galax m AnT‘onteda " We 'shall use cotYStellatrons thrs‘yvay

. N . _I. . PR
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MAKING UP CO STELLATIONS

. THIS SECTION..IS OPTIONAL IT IS ESPECIALL Yr’ USEFUL FOR ELEMENTAR Y.‘

* SCHOOL CHILDREN.| ' = N ‘.

YOUR I-IAND IF YOU HAVE AN IDEA THAT YOU WANT ‘TO TELL US ABOUT.

(A llow three or four students to point out thelr constellations and describe them. to the group--rry' B

fo help everyone see what the Tnyentor of the constellatirm sées.); i T . 4

. It you had llved thousands of years ‘ago, you might have spent trme makmg up constella-
tlons llke this, just as you Spend tlme watchinz TV today o )
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C i . - Whe the visitors indicate they' Thave faund it,-go on.

SKY MAP ACTIVITY

,

Turn up orange sear llghrs (or dayliht)

) Pass out one map 10 each partlcl nt. Yn some planetariums n may be more. convenlent to B
. _hat’e done thls @s people: entered Introduce the actlvny as follows:. - .. = \'

" These are maps-of the sky which we will use to 1dent|fy some of the mayor constellatlons _ -

“that dhn easily be seen- this. montlf After you have some experience using:these maps right -

" here in the planetarium your map will be yours to take home s0 that you.can |dent|fy constella-. S

-~ tions; from. your own backyard: . -, E AR
_ (Aﬁer maps have_been passqd-%ur contmue) > . e
& - These maps represent the sky for --- - mqnths around mne and ten p m.

The ‘whole sky is compressed &n these charts to fit within a circle. If 'you hold the map over

your head, and turn the words "Northern Horizon" to the direction of North, ‘the map will show .
~you how the stars in the sky look: The dots on the map represent stars--the brgger the dot, the
" ‘brighter the star will be. Only the brlghtest 50 or so stars are marked on the map. - o

- . 'WHAT DO YOU.THINK THE BIG CIRCLE ON THE MAP REPRESENTS" The big '
cnclc on the maps is intended. to répresent the "horrzon”--where the sky seems {0 meet the
earth and what you'see when you look straight qut horrzontally (Point out, indicating the Pplane- .
tqrium horizon.) I a_star on. the thap’ is near the words "Northern Horizon," it will_be in the

" northern. part of ‘the real sky. (Point out.) If the’ star on the map, is near. the words "Eastern. o

Honzon," |t will: ‘be in the eastern part of the sky. (Point out) . N

: “‘The closer to the center of the map a star’is, the hliher in the sky |t wrll be.- WBERE- '
WOULD THE VERY CENTER; OF ’fHE MAP BE IN OUR SKY? A star at the very center of
‘the map. would be Grectly overhead m the sky (the point drrectly overhead is called the zen- "
|th") :

Roman name, Ursa Minor.. WHEN YOU.FIND URSA M
HAND IF YOU HAVETROUBLE ASK YOUR NEIGH

As an examp,le let ) see how to use the map to pid the L|ttle Dlpper called by |ts

R FOR HELP

»

8.

.'._\

_ WHAT DIRECT ION SHOULD YOU- FACE TO FIND ]T?
_— "Nort (or a little east or west of North, depending on the time of year)
IS UJSA MINOR NEAR THE HORIZON OR HIGH UP IN THE SKY? -
(Make sure that everyone -agrees before golng on.) '

. Now- watch me ‘as I use the map to-find Ursa Minor m the sky On 'the map, Ursa Minor -

s closdst to the "Northern- Horizon," so0. 1 know I'shoyld face North and hold the map over:me,

"with the words "Northern Horizon" forward:: Whe I look ‘at the sky, about this high, I shorﬁ

.- see ‘the’ same pattern’ of stars that appears on thet'lap, and there it is!- .(Point out.) If 1 were

. lpoking for a constellation in the So th, I would have turned myself tp facé South; 50 that the
words "Southern Horrzon" were in frgnt of me, and looke thyay (Demonstrate)

"~

./ Remember, when usmg your map: D
: 1]

© %2 1) First locate the constellation on the map.”

- -2) ‘Detesggine what direction you must face. '._' , ‘o
3) Decide if the constellatron is high in the sky or near the horlzon Lo
- 4) Hold.the map over you. and compare the- map with the" sfars you see in- the sky < - N
It will be easier-to locate the brlghtest stargm your constellatlon fiest, .. L

Asslgn groups to locate constellatlons ‘Be cerralnt 'Sah group can’ see its constellarlon from “their-own, .
posnlon in the ‘planetarltm.. Encourage the group members to help each other, fo stind- up ‘and ‘move
o arognd if rhfy need 10, and ro use the hand Qolnters to help discuss whlch stars are. which? . '
N N . X . ) h 3 ’ T )
. ‘ o PR

OR ON THE MAP, RAlSE YOUR o

ERR




_.122» } - o
BT Leave readmg Iighrs on conrmuously Fully dark skies are too /uu of srars, and aII lhe consrel-
e _Iar{Ons on these maps can befound ina "Iighr-polluied " planerarlum sky '

. Offer to help individual-groups one ata time, but don't rush them, Don't polm out stars for_. L

.anyorze. but talk through the procedure for using the srar‘map srep-by-slep Jor their constellations unfil
they dye looking in’ the correct.direction. If sothe grotips finish quickly, ask them to find neighboring
consre Iarlons in rhe sky Check to see that all groups have SJound: rh;nr consrellanons before going Qﬁ\

-

' ls everybody ready? Let me pass around a ﬂashllg‘ht-pomter so that one member of each
_ group can.show us which stars in the sky you think make up your constellation Let’s: begm
' _wnth the constellation------_---'_---(appropr/are constellation for rhe season)

g Ha ve one person in eacji group name. the constellation his or her group has beerz assrgned and
. then as[( eyeryone to find that one on their maps, and to approximate what part of the sky it should
be in.. The‘a have the ‘same! person point_out where. they. decided the constellation was, stat: by
" star. [f they mis-ident{fy it, be.positive and encour‘aglng, pointing out how close the resemblance is,
and ask them (or others) to try agam :

T . OPTIONAL .. L
As each constellation is identlﬁed you may wish to; ' ceoe :

1) Project an outline of the mythological figure, and present g brief summary of the mythology

=" =77 .2) Show-4 slide-of an interegting object (nebula, cluster, double star, galaxy, etc.) that appears
~ . in-the constellation If possible, show a slide of the bmocular appearance, as Well as one of the
v appearance in.a large telescope. . . - R ]

'3) Point out the location of the intq;estmg object in the constellation and invite the visntors to

'mi_tk that position on their. maps and lodk for the object themselves, using binoculars, the next
-time* they are ‘out under dark’skies. 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 .

W stars of the constellations merely provide convenient direction markers or frames

Constellation outlines are a us ful way to mtroduce a brlef narrative on "the mythoiogical
I origin of each cohstellation . ? o e




o ... . .7 .7 MOTION OF THE STARS
’.- AR ‘\".’" Spring and Summer, when the. Dlp‘pe?f} 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, JSollowed by the " Conclusion." - In- Winter and Fall, follow.
" the normal order: " Motign of the Stars," followed by " Versions of the Big Dipper," followed by the

o .7 " “Conclusion." .If you present the Digper first,. make appropriate minor changes in the following para-~ *
S cusion. P _ : e 1
- . graphs. . - - N e L : -

- So we have found each of the ma]”or_'_constelfations in tonight's sky. IF WE KEPT
.~ WATCHING TONIGHT, W.OULI__)_'THE STARS REMA-IN LIKE THIS? WHAT WOULD . -
" .“HAPPEN? WHY? (Accept ideas from the audience, umplifying and ‘correcting as necessary, in @ -
©_ positive fashion.) So we can judge that the earth is tuening on its axis. -Let’s go through the
~ “entire night, speeded up so that we will conme to tomorrow morning in. ju§t_ three minutes.
™ .. Please keep track of your constellation to see what happens to it during the course of the night.
~ .. ALSO, PLEASE WATCH THIS STAR, WHICH WE SAID WAS POLARIS. -}NHAT IS SPE- -
. . CIAL ABOUT ITS _BEH-AVIOR? ' - T o R
" Fade in music, gradually dim 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 -(if . -

Coused). . T . o |
ST It is now ‘about two am. CAN YOU STILL SEE YOUR CONSTELLATION?" WHAT A
o/ HASHAPPENERTOIT? L f oo
- % ' 7' WHAT HASHAPPEMED TO THE BIG DIPPER? . .~ - =~ |
. "' WHATHAS HAPPENED TO POLARIS, THE NORTH STAR? » .~ '
e " " Allow time for resp@ses and discussion afler each question. Encourage general observations
such as “stars seem to rise and set like th_e s'un," ‘or "the North Syar always stays stil{.r'_' S

) -'VERSIONS -OF'THE‘ BIGDIPPER (OPTION’AL)_'# -_ . o
o Turn on d(drhai n;o’tion”umil "Dlpper" mark .on prajector equator is rejched._ LT -
© " "Now, to me, the Big Dipper is just that, a big dipper; and' indeed, fo"some people in- -
southern France, this group of stars was the Casserole, or sauce pan. ' o

v

V1) CASSEROLE OUTLINE
/ \ -
SRR




:means the great bear. TRY TO IMAQINE A BEAR. WHERE 15 HIS NOSE; WHERE ARE
" HISLEGS? (etc.) - - 50

But to the Romans, the Dlpper w&s just part of a latger constellatlon, Ursa Major, whlch

. )

0 )

-2) BEAR OUTLINE

< Tell the story (page 126) in one minute:or less For example "Once the king of the gods,
.Iupner, Jfell in love with Caliisto, a beautiful young glrl But Juno, ‘the queen of the gods, was very

~ jealous, so she turned poor Callisto into a bear. fupner Selt sorry for Calhsto/so to protect her from o
" hunters, he placed her up in the sky where we can see her every mght if 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 unhkely image for these:stars. But the-
Natjve 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 Jrom audience.) So we can see that what's wrong with this bear is.its long tail. '

- [f you have lots of time, take another minute.to tell the story of the oaf tree (page 126).
To the early people in England, the Dipper was ‘neither a dipper nor a bear, but was a

- ‘pl'ough drawn by oxen.” WHY DO YOU THINK THEY THOUGHT OF THIS CONSTELLA-
- TION, WHICH IS HIGH 'I'N THE SKY. LIKE THIS IN THE SPRINGTIME AS A PLOUGH"

[

. 3).PLOUGH OUTLINE

% -




" Thank you for visrtmg with us in the pla

Responses might include it is :tlme to plant " it goes round and round llke a farmer ploughlng
his field," etc.  Accept all answers. = " l |

; Finally, I'd like to tell you one ﬁst story’ that a favornte of mine. Itisa Natwe Amen--. -. _'
‘can story, one from the Wasco lndians of :the’ Paci ic Northwest the area we call Oregon and. -

- Washington. . - .y

Tell the story of the ﬁve ‘wolf brothers (page 126) It would be especrally approprlate fousea

.story ﬁ'om Nanve Amerlcan culture af your oWn planetarrum s regron S o

4) WOLFBROTHERS . .
AND BEAROUNJNE -

s

~

There is no "best" or "correct" story, of course. | hope each of you will make up your own:. - -
~ story about the Big Dipper and the other constellations. Stars belong’ to everyone, S0 your own ‘.
' rmagmatron is Just as valid as the ancrent Romans or anyone else s. .

. ._(

..

e CONCLUSI(PN

Now we’ll speed up the motion of the earth agaln and wdtch what happens.

Gradua’ly fade in musfe, turn on sun, and begin diurnal motion, " After ten or fifieen seconds :

' gradually turn on red sunrise. As sun.disk appears on horizon, slowly tu) on dayllght and fade out

E music. - - .
. It is now eight-o ‘clock in the mornmg--time for school and work. - Please take your. star
. map with you so you can locate the c'?tellatnons in-the real’ sky on' the next clear- mght

arium. Hapﬂ' star huntrng'




~_Edith Hamrltont

smk below the horizon.

. s . -

VERSIONS OF THE BIGDIPPER -~~~
Rec(lmmended Sky Mythology ource Books - :' l

: ':chhardH Allen, S%mes, ,Thelr Lore and. Meanmg; 1963, Dover 4 :
'\Ella Clark, lndlaanegen of the Paclﬁc Northwest; 1953, Unrverslty of - Calrl‘ornra Press -

fythology, 1971 New American Library. . . :
Julius D W Staal, Patterns in the Slor, 1972 Econi-Co, Press (avallable from Fernbank Scrence

‘Cente.r 156 Heaton Park Drrve N. E Atlanta, Georgra 30307 )

o . ¢ . :
N The ﬁrst two versrons below are based on Staal, and'lhe third i is based on Clark . ,
Tho’Roman Nerslon The Great Bear ' S v
Juprter the Ki‘ng of the gods, often’fell in love with mortal women.of" earth 0 his wife .

.. Juno was often jealous. When Juno found out that Jupiter was favoring 4 young maiden named-

Callisto, Juno ‘got so furious that she changed Callisto into ‘a big shaggy bear. Years later,

- Callisto’®son Arcas was hunting in the forest when his: ‘mother, now, in. the form of a bear, saw =
" him. She got so excited, she forgot she was a bear- and she rushed forward to embrace him. Of °
. -course, Arcas did not recognize. his mother and he leveled -an arrow in his bow to kill her. In
. -the ‘last instant, Juplter intervened by. changing Arcas into a. bear as well, and then grasping
.. both Callisto-and Arcas by their tails,- ﬂung them into the sky--where Calllsto is now the Great
-~ Bear and Arcas the LrttlgBear ' : :

" Juno,-still. not satisfied with her revenge, persuaded Poserdon to l‘orbrd the two bears from =
coolrng their feet in the waters of the oceans. Thrs is why Ursa Ma;or and Ursa Minor never .

~

- Natlve American Version: The Bear in the Oak Tree Forest B
Long ago there was a great oak. forest. that was enchanted and magical, because every

tright. at midnight the trees in this forest would move around and wvisit each. other. One day a

bear wandered 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 left. -The trees did not

appreciate this rntruder 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 at twilight, made one last grasp at the bear with its long- _
est branch and just barely caught the bear by the tail. Then the tree thrust the bear up into the /

. sky where we see hrm now Now you can \@rmagrne why his tall is s0 long -

‘Wasco Indian Version: The Five Wolf Brothers 4
Once upon a time there. wer’ﬁve brothers named the Wolf brothers who made therr liv- -

‘.' .ing by hunting ‘deey.- Every} night they would make a camp fire, cook some meat and eat
’together They sharéd their

.. ten).’ After eating, the brothers would felax and gaze into the sky in .a certain area ‘and look -

* 'puzzled. One night Obyote asked .the oldest brother, "What aregyou looking at?" The oldest

ood with another man named Cpyote (a mythical god-like chgrac- -

brother said, "I won’t tell you:« you would think I was foolish." ‘But on latér nights Coyote

questroned the other brother&untll pne night they answered, "We can see two anrmals moving
- in-the S%but they are so hlgh up-we cannot tell what Kind of animals they ‘are." Coyote
- repljed, "

uldn’t you like to- get a closer look at them to see what they are?" To which the' -
brothers replied, "Oh, yes, but ngne can travel into the sky." Said Coyote, "Nof§ense, it is

“easy," and proceeded to qollect three quivers full of arrows. Then he took an arrow and shof it
o straight tbwards the place in the sky ‘where tlio brothers said they saw the two animals. .The =
. arrow went all the way to the sky and stuck there. Then Coyote shot a- second arrow so that |ts

\
<
X




" tip stuck into the end of the first arrow:- By the time Coyote finished shooting all the arrows, -
- - which took-all night, thete was a string of arrows reaching all the way from the sky to the earth. -
~ At dawn the five:brothers and Coyote began climbing the arrow ladder. The youngest brothers- *
-~ . 4jent first, and Coyote and the oldest brother, carrying their little dog, went last. ' S
- . - After climbing almost all day: they ‘reached the sky and found that the two .animals were .
' .* . grizzly bears. The oldest brother stiouted; "Stay away! They might tear you to pieces." But the -
o ‘younger brothers, who didn’t want to appear afraid, crept closer and closer to the bears. - The Ce
"~ other brothers followed behind. Finally, the grizzly bears looked up and noticed the five Wolf . - -
S brothers, but the beéars did; not-attack, for thgy had never seen people before, and were curious.
Thé bears just stood there looking at the brdfhers and the brothers stood very still looking. back
o - at the'bears. - T S ' ;

v Cqyote thousht,' "What a funny picture these bears'and the Wolf brothers make just star- .. . -
" ing at one another. 1 would like for everyone to be able to see this," and he procseded to-climb = -~
 down the arrow ladder, taking out the arrows as he went,. leaving the picture in the sky fot
. | everyone to see. - e : . RN

\ .
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Evenlng Star’Map for January ‘February , : “Af i
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o ,wni match the constellatlons on the map.. C
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Eventng Star Map for March Aprll
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HoId this- sheet in front of you Iurn the map so the dlre;:tlon -
you are. facing Is on the.bottom. The constellatlons in the sky'. N

‘.. Holt Planatarium, Lawgence Hall of Scfence Ber\.ley, ca- 947;0 |
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**s(even'u'ng's‘tarmap for Mav June
9 . |0 PM
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‘wilr match the constellatlons on ttte map L
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L, Evenlng Star Map fo?July August T
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£ you are facing is on the Bottom. The constellations in thetsky

Evenlng Star Map for November - December 5 L 133 \
9-' IO PM U ST B

Nozde NHLOOS

EASTERN HORIZON

CASS IOPEIA

B Polaris ‘.

R URSA

/ \‘@\\0%

S NORTHERN HOR|ZON S e

| Hotd this sheet in front of you. Turn the map ,sothe dtrectlon

t:..witl match the constellatlons onthe map. e L .
| v o :: IS

Planetﬁhium Lawrenco Hall of Qcience, Berkeley, CA 94720 S
;ﬁ 8, Regents of tha ‘F1veraity of California N .

‘t




" Discover More About - - "
:"‘--u-:;,_,CON&TELLAT_ION_S. e
-‘ vt . STARMAPS | s |
_ | Star Paths--Star -and Planet Chart, Edmund Sclentiﬁc Company, Barr ngton, New Jersey. An’
" inexpensive adjustable star wheel that can be set to show how the sky appears at any time. .,

Sky Chgllenger, a-‘uniqué set of six interchangeable star whee , provides many activities in star
.gazing, including "Binocular Treasure. Hunt," "Native Amdrican Constellations," and "Test Your”
.Eyes/Test Your Skies Discovery Corner Lawrence Hall of Science, Berkeley, Califorma i

-

- 94720. ) : R

. Arthur Norton Norton s Star Altlas, Sky Publishing Companys _Cilmbridge, Massachusetts : B
(new edltion every few years). A set of detailed star charts and good lists of mterestmg objects P

e for telescope observing (star clusters, nebulae, gala)ues, double stars, etc) - - :

. RM,S. Inglis, 4 Popular Star Atlas, Gall and Inglls, London,w1972 A muchigtyter and less

_ ‘expensrve versron of Norton s atlas . . Cae '
CURRENT PHENOMENA - ‘ : , -

Astronomy is a beautlful colorful magazine . deggted 0 astronomy I s not for those seekmg
“technical information or treatments of the more difficult concepts, Astro Media Corp 411 E
Mason Street 6th Floor, Milwau e.e, Wlsconsm 53202 ' ,

ore technically rncllned Very good for people ‘who want to v

‘. Sky and. Telescope is for those

" ... build. their own telescopes, or g beyond casual- star, gazing. Fine photo-essays on observa- - .-

. fories, professional and amateur. {Sky Publishin orporatron, 49-50-51 Bay State Road; Cam,- .

~ bridge, Massachusetts 02138. -y f‘ : , , -
an

o rﬂC lendar, by Robert C: Victar,) Abrams. arium, Michi'gan State University, E. Lans-
o chigan 48823 Thrs month calendar gives® day-to-day guide to interesting events in
: _»._thesky . : - o - ,
- - MYTHOL S S
o Julrus D. W Staal Pattems in the Sky, Econl-Co Press, tlanta, 1972. An excellent compilation : -,
- of the Greek and Roman myths, this book is available' ftom Ferntyﬁk Sclence Center 156 Hea-
> ton Park Drive, N.E., Atlanta\Georgia 30307.

Ellas _Clar Indian.. Legends of [jre Pacific Northwest Unrverer Califorma P;ess, Berkeley,
Calif ; 1953. American Indian Stories about the star patterns that we call Orron Cassropeia, '
- the Seven Sisters, the Big ‘Dipper, ahd others. -

Rrbhard H. Allen, Star Names: Their Lore and Their Meanmg, Dover Publications, Inc New- -
York, New. York, 1963 Thls book basdhe origin of star names and constellations from varrous '

- ‘cultures.
. - Look in library card catalogues and you wrll ﬂnd many tltles that start out Myths and Legends-'- o -
' .of on almost every culture S e e T R _ Lo
. LT AN g R
. \ S 1% o : T : 4
o SR William K. Holt Planetarium Lawrence Hall of Science . c S
_ ' Umversity of Califorma, Berkeley, QA 94"20 ERUREI T
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‘_ JA Classroom Actrvrty to SupplemJnt
AR “Constellatrons Tomght" Planetarrum Program
t . -

L2
9

- This scfence actiwty is designed for stadenls in grades three through eight It can be presemed
. by teachers with no special preparation in science. CREATING CONSTELLA TIONS is keyed to

e somé of the concepts in the planetarium program, " Constellations Tonight," so it will probably be mOst‘

effective (f presented Just before or just Visiting the planetarium. Each teacher may wish to adapt
the Ianguage and pace of the gctivity to hls or her particular class. - : :

o “"-. - N - Objectives

This activity mvolves the ‘stage of scientific thmkmg in which many different rdeas, or

hypotheses, are generated. It-focuses on the type of problemgythat have many equally good'

. . N . N . ) .
: o . . . « . L L . NN SN ' .
. . L . ' . . ' . . i . .
f . . . . .
. . : . oAt s ’ -
P A - . . X . T . : . . :
B - - ‘ ) . . - N . . . . . . . .
. . . R . o L : :
) : o . — \ L "
[ L : ’ . " : : S
) . - . . . - .
P X . .

) solutions (like naming a new animal) in contrist to prgblems that have only one right answer .

- (likg finding the North Star). After the lesson, the students.will be able to:

1) Reeognize that several different ideas may be equally good Soluttons to the same problem

)Y Recognize when they need to "break set"--that is, to- find a new approach {o the- problem -

(Set breaking can be thought of as "getting out of a mental rut. W I .

-3) Recognize that the constellations which they mvent can be just as useful as the: ancrent. Co

“Greek and Roman constellatrons :
- Before the Class

1) Duplrcate one copy of the Ciréle Puzzle, Dots Puzale,- and Create a Constellation for each' -

' student Prepare large sheets of papgr a and crayons.
'2) Have board space and tape ready to display the students ‘work.

HOona dll’ferent sectron of the blackboard draw three or four crrcles, about 18-20 rnches m‘ o

drameter - _ T _
. ’ ¥ 3 : ’ . ' ' . . . - . . o : . .
o0, Willam K. Holt Planetarlum Lawrence Hall of Scrence A
. o : Umversrty of Calrl’orma, Berkeleyg CA 94720 '
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Part A. Clrcle Puzzle

Id

Here is'a puzzle that has many equallyﬁd\ answers, Please follow the dlrectlons on the.

_ 'worksheet Don’t forget to make each circ einto a DlFFERENT plcture .and to NAME what
each picture shows . N

Hand out_the Circle Puzzle.’ Read the dlrectlons wlth the stud,gnts ir necessary Then allow

| about ten minutes for them to work. 3
"~ Who would llke to come to the board to show one of their ldeas" i -
" Three or four smdents draw in the prepared circles on the blackboard

“Share your papers with your nelghbors to see how many dlﬂ‘erent ideas you can count. o

"How many did you find? How many dlﬂ‘erent possibilities do you think there arg?

o 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 dlﬂ’erent thlngs ‘vou could try at that point, to think of a
different-idea? * ' : e

_Let the students share slrategles Jor generatlng new ideds that THE X.find useful. Example ; of
strategies are: to look around the room Jor round objects, to lmaglne my room gt home, to Share eas' -

with someone else, and so on. . P _ M -
| . PartB. Dots_ Puzzle""

_ Dlrectlons for this last puzzle are very srmllar to. the Circle Puzzle Only thi§ " tlme you
have to invent and name just four pictures. .

Hand out one copy of Dots to each student. Give them about ﬁve minutes o work.

Now compare your drawings with your- nelghbors drawings. Did any of you have the

same idea? ‘How many different idgas can you count?

Let the sludems discuss their ideas with their neighbors for a minute or Iwo Then, hand out '

‘the last sheet, entitled "Create A Constellanon‘

On this sheet you will probably recognlze the same: pattern of dots that you saw in the |
" Dots Puzzle. This is actually a pattern of stars visible in the sky. ~Ancient Greek astronomers,

- who lived about 2000 years ago, .saw the’ Queen of Ethlopla, led Cassropela (pronounce
_ 'Kasio-PEE-ah) in this pattern of stars.

Casslopela is an especially easy constellallon to ﬁnd jusl 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 “tonstellation.” In the box at the bottom of the page, draw the idea which YOU like
best and name it. This is YOUR OWN YZONSTELLATION which you can find in-the night

sky. *When you are working by yourself 'your own constellatlon |‘nventlon is Just as useful,
" perhaps evefl’better, than the "classic" ones. : . N

"Would it sometimes be better for us all to agree on a smgle conste'l'latlon fof everybody to E

- use? How Would that be useful? . : . - .

Posslble answers to thls questlon ‘might- be "To tell someone else where to find. cerlam stars, or

: directlons In the sky" h

q

- The activities described in Part B have Been.adapted from "An Introduction to Conltellauon Study (or Isn’t

~ that Big Bird in the Sky?)" by Gergld L. Mallon, Arcola Junior ‘High School, Eagleville Road, Nofristowfl,

" Pennsylvania 19401, P lished in Sclence and Chlldren, November/December 1976 \gumq H4, No. 3, pp '
22 25 ‘ . _ _

X ) \
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CIRCLE PUZZLE
Make each circle into a picture of solnethmg and wnte a name for what you &raw under- v g
_-nedth. The first two clrcles are completed as'examples Notice that each one lS DIFFERENT
and each one has a name. - ‘- _ R _ R




UM DOTS PUZZLE SR

1 o These six plctures all show the same pattern of dots I: the first two plctures peoplé o
- have drawn something whlch..t.he dots make them think of.. They labeled their pictures with a -

" name that tells what the drawing is supposed to be. INVENT FOUR COMPLETELY DIF

‘FEREN’DTHINGS BASED ON THE SAME PATTERN OF DOTS ' “

_ - Draw your ldeas in the last four boxes and Tabel each one to: tell what it is supposed to be
. a plcture of




141

N SESRT CREATE A CONSTELLAT\ON
S ok ;

. ' T R The pattern of dots from'the "Dots Puzzle" is really a pattern of stars that you can find in
. the sky. The Ancnent Greeks\saw this pattern as a, beautlful queen, Cassnopela sitting .on a .
.- throne, : , :

o L e N T_l'ne_:»Quee'n Ca_ssiopeia Sitting On. Her T_hi'one_

In this box, create your own constellation for the same'patté{n of stars. . "
S _ _ . . _ , - s _

~




. Fi‘):,wap'_Acti{ri_t_ies e

1) Have the stu erlts invent myths ‘which tell .the story of their constellations. “This actrvrty : |

“might be preced d by having them read ancient Greek, Roman, or Native Amerrcan star myths .
~which appear in many anthologres for childreh,

s 2) Have the students draw or pannt more detalled prctures of the constellatron ﬁgures they have '
' .__-created to illustrate their stories. Instruct them to show where the.stars appear m the pictures.

" 3) Sheldon Schafer of the Lakeview Museum in Peorra, Ilinois - recommends the followrng
lactlvrty, best _negust after the crrcle puzzle, to demonstrate the value of usrng gonstellatlon
ﬁgures ' A o §

random aSSortment of dots on the board. ',

" 8) Draw S
. b) Ask e students to memornze the arrangement Allow a 'minute or two. No notes'

should b taken. - - : L S I
_‘,c\Cover the dots with paper K ' ' '

"d) ‘Ask for a volunteer to reereate the pattern on the board or have all students do 50 ‘on'a .
- piece of paper. - S - :

o e) Comp re the results wrth the orlgrnal .
- f) Draw zl new pattern of dots orbthe board this time connected mto some krnd of ﬁgure '
g) Repeau steps b-f. .- o o

'-_.h) Comprlre the results of the first trial wrth those of the second Usually there wrll be an
easrly notlceable difference between the two. a

- 4) The quiz on pages .153-155 may be used 4ds an activity, and may also tell you somethmg _ Lo

about how well ‘your students understand the concepts in this program,. either before or after
- they have experienced the program. Please note that some’ questions refer to "Cr ating Con-
stellations," while others refer to "Using A Star Map'l or CONSTELLATIONS TONI HT You

'should rfvrse this test. as needed to ﬁt your partrcular claSS\om srtuatron o . ‘ o

-
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4

. N . . » s '; .-
\ .. e o ! . .
.“‘ ' o ' .V e . l ) h . .
: . . \ .
1} <




’ o _' D A Classroom Actmty to Subplement |
R IR "Constellations Tomght" Planetanum Program

¢
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_:~i o "Constellatrons Tonrght" Planetarrum Program

. teachers with.no special preparation_in science.. USING STAR MAPS .is keyed to- some of the con- .

. Followmg the lesson, the students wrll be able to:
i 1) Use "drrectron" ard "distance” to find locatrons in the classroom /

" distance from the zenith (point overhead).
C _ 4) Use 4 star map to vrsualrze the-orrentatron of constgllatrons m the sky

. pass directions. These need: not correspond to the actual compass directions. However, a per- -\

" therear. - . _ : AN

" *. and label the four dlrectrons (as on sheet #1). Draw in the teacher s desk. or oonther prom-’ ’ ,

R . o o

o AClassroom Actrvrty to Supplement B }

o - '
.
. .

. .." A { : . 'v S > . . B SN

Thls science actlwty is des:gned for students {n grades ﬁr& through elght It.can be presented by

.

~ cepts’ In the planetarium program, "Constellations Tonight," so’ it will probably be most eﬁ"ectlve if

presented just before or after visiting the planetarlum}“‘Each teacher may w:sh to adapt the Ianguage
and pace of the actlwty to his or fier partlcular class. - , B

— 0biectlves v " PR

N

The primary objectlve of " this actrvrty is- to rncrease the students abrlm\'\s to use maps.

'2) Draw 4’ map of the classroom. _ . :
3) Use a star map to locate the posmons of constellatrons in the sky by notmg the di ctron and o

Before the Lesson

l) Gather’ the followmg materrals for each student: a. pencrl and one copy of Worksheet #1,
#2, and #3. (If necessary, make a new version of sheet #1 to match the shape of your roo )

';Assemble-for the class: one large poster of a Star Map with® cardboard-"Star Window." This
. poster is available from. the Lawrente Hall of Science.. See page 97. Thls write-up; uses
. September October skies, and Shows the poster for Septem er-October evening sky only. - Star\ -

_maps are’ available from many sources for alLseasons ~You may wrsh 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 com-_ e\

'son facmg *North" should be ablb to see i'.East“ to the rrght "West" to the left and. "South" to N |

3). As an example of how to draw a map of the classroom, ‘draw a rectang‘le ;sn the blackboard

ment object SO the students can see how to proceed
T ‘ - .
AT

Part A. The'l')irecti()ns Game - o : PR S

We wrll begrﬂ tod ’s lesson about Star Maps by play;ng the Dlrectrons Game Notrce the .

- four- signs on the Walls thaHndlcate the prlmary compass dlrectrons. North South East, and -

T . Sy

l R
erllam K\ Holt Planetariunf, Lawrence Hall of Science \ : '..'_ :
} Umver_rty of Californ a, Berkeley, CA. 94720

..) " '




West ‘What dlrectton wouldIlook to see Northeast" Southeast? =~ . .

N T Pomt to the Jour dtrectton markers. Questfon the students to see (f they understand ok system
of compass dlrecuons :

_ .~ Now.we are ready to play Who will be our. ﬁrst volunteer" Olsay, Jennifer, please stand ; o
"~ in jthe center of the classi6om and face AWAY from the blackboard. I will write the name of '
oo -+ sopne object in our classroom so- that everyone but Jenmfer will know-what I have in mid. .

’ Write the name of.an object that is within Jenn(/er s hne of s:ght--say 1Weorge s Desk”--on the .
‘.‘b ackboard Let everyone read it, then erase it. - - ————

X4
: Now I would like someone to give dlrectlons to Jenmfer so she can ﬁnd the object, just by
. < looking around. Do tHis:by giving the DIRECTION she should turn, and HOW FAR she must’

.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, er!courage the students 10 give clues, but not to
- . =7~ -name the object. ‘Let the students use whatever strategtes they can think of (like glwng the size,
N ¢x o shape, or color of the object.). : : e

Good! Now that Jenmfer has found the obJect who would likesto try the next one"
v . _ _

P

Part B Treasure Map of the Classroom

s
On the blackboard I have started/ to draw a map" of our classroom Notice thatﬁ have

S labeled the four prlmary d|rect|ons and | have drawn’ the locatron of my desk.
Pomt to the example on the blackboard S




- are about right, - , | 3 & t -

o If a stra.ttger who has never before been to our classroo / saw thrs map, how would he or -
_ she useit: 1o find) my desk? . ' A

- If the Students are not able to transfer Iearnmg from the
_ing an at'row from the center of the map to the location of the desk, and ask what the stranger would
Mo if he dr she stood in. the center of the roo A -,ﬁ S

Now that you understand how to use drrectlon and dlstance to locate thmgs on a map, I

want. you to complete. the map of our. classroom. On this paper, show all of the things that rest

“"-on the floor--chairs, tables, desks, -and anything else you think is important. Make sure the
. directions on your maps correspond tp the dlrectro s in the classroot'n and that the distances

. Hand.out Sheet #1.

.*Help students as they request tt Allow the
cnttc:ze

' When you are ﬁmshed plant a "treasure somewhere in the room, and mark .the~spot wrth

. 'an"X" on your map. . Exchange treasure maps wrth dne other person to see lf you can find eaoh,

' others treasures. S

§ The same exerc:se can be done w:th oIder students usmg the enttre schoolgrounds rather/ than..
- » ust the classroom o : . o . s

—

Lt N h . . ~
<L . LI Lo ‘ 4
. . . . . . . . - o0 ‘ . )
co - . . L. . . . e .
,

el ) S PartC Readmg Star Maps

'bv

V-

-+ This star map shows how the stars wrll appear tonight at about 9 or-10° 0 clock "The.
_center of the circle shows the point directly overhead, called the "Zeqith." The rim of the c|rcle

shows the "horizon," ‘which is what we ¢all the line where the sky meets the earth

. l.'. ’..'

Let. students tnspect the star map on Sheet #2.

takes “his posltton SN ’ |
"Pretend’the ‘walls and cerlrng of our classroom is the sky Whete woulaou ook, Sam, to o

\;., -

see the zenith? How about the Northern Horrzm]" The Southwestern Horizon?
If Sam has dw‘iculty, other students can 4telp Thank Sam and. ask him to be seated. .
| Now tocate Orion on your maps. ‘What digection is Orion in? How far between the zenith

to look at each others * papers -to get ‘ideas -a-nd o -

¢

" 1 would like another volunteer to. stand in the center of the room. S*n; volunteers and '. n

“and the horizon isOrion? Who would like to take our. volunteer s place and show us where

" Orioh would appear in the 'sky? - , » .
* Do this with several constellations, -having studehts answer by taktng the position in the center

" the room and mdlcatlng where on the waIIs or cellmg the canstella’uon would appear. Then, hand out

Sheet #3. - '

- around s@ the directiong/ou are looking in ‘is at the BOTTO Do this for tHe Northern Hor- = -
izon, Notice on fSheet #3 how the Northern Horizon stars would appear rn the sky. Check the

: v
When you use fhese maps’ to ﬁnd constellatlons in the real sky, y\ou must turn them

A

’ . ’ N s g c ; . ’ ' . . C C . .L"_.' .
v . e ’ ‘ .' . . _Al‘f >, . SO . o
/ - . ' '. ) ¢ '( h . . X - ’v : . ‘\'
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' next tWi .wmdows" to see-how you have to turn. the map to see stars overhead and in the '
Southwest Any questlons? :

" Q o llustrate the jirst two prctures on Sheet #3 by using the Star Map poster and "sky wmdow
Turn the poster so the direction you are lo king is down, and place the "sky window" over the part of .
. the sky spec'(ﬁeg, This operation is illustrated on the bottom of this page.

7 Now try to fill in the stars you would seein the next two boxes on Sheet #3 Then, we,

~ will use dur Star Wme’W so you can see if you were right, v o
' Whrle the studems are workmg, draw two boxes on th‘e %lhckboard Iabeled hke the -next two
boxes on Sheet #3. . '

Ty .
Who Would like to come to theaoard and draw the stars as they are- on your paper"

After a student comes 1o the board and tries one of the wmdows. use the. Star Window. and o

poster to box in the:correct part of the sky. - o

Let's compare this. answer with the Star Map .What do Gu think" Is thls ‘what you N
" would see in the sky if you looked in thls direction tonnght" : " .

LA . -.'
. Ng'v test yourself by filling in the last two boxes on Sheet #3.
'. Illustrate the last two answers by using the Star Window and poster.
you understand how .the Star- Map ‘works, you can go outs1de tomght and find any of

these c(lnstellatnons that you wnsh Good Luck' S




L Sheet #1 Mapuf My Classroom

Wt

\

" In order tb-get to'inyown--desk from the center of ‘the classroom, in what direction must I' =
B - . ) F3 " - . ) . . ‘ . ) . . , .

SO? i i L : - : : . ) . Y
Howfartowards%.e_wall.mustlw"alk?" - N SRR

o
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September-October .~~~ .
. S R o o

v,

. THIS STAR HAP SHOWS THE SKY AS 1T WILL APPEAR IN .
. SEPTENBER AND OCTORER AT. ABOUT 9:00 TO 10:00 W,

v

smavady . [ e
: . L B
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s, Sheet#3 SkyWindows. .7 U o

e Hilf-wny,_betweeﬁ Zenith
~~ and Northern Horizon -
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Follow-Up Act1v1t1es _- B o

» 1) ‘Have the students locate the constellatrons in the sky at mght and draw in more stars for _'

. -each,’ constellatron they can. find,

- 2) Have 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 i in compari-

" "son to'the stars and constellations. - 'Ask your local planetarium ‘director when lthe crescent," -

+"+ moon will start to appear so tl;e students can begrn their observations. L R

3): Usétthis unit as an introduction to socral studies activities using-maps. The Elememary SCI-..

~ ence Study (ESS)-unit on mappmg" provides g.large number of different activities.

. 4) Gerald Mallon of the Methacton School District Planetarium recommends further actrvitres
inIgniting Creative Potentlal by ect _Implode, Bella.Vrsta EIementary Scho,ol Salt Lake Crty,

" Utah, §4121

- 5) Jeanne Brshop at the Westlake Pubhc Schools Planetarrum recommends addrtlonal actrvrtres

“in theé Science Curriculum Inprovement Study (SCIS) unit. "Relative Position and Motion," pub-_’

‘lished by Rand McNally & Company or American Screnée and’ Engmeenng Company.

- 6) The quiz which. follows may be used as an actrvrty, and may also tell you something about N
‘how well your students understand the. concepts in this program, either before or after they:
"~ . have experrenced the program. . Please nofe that some. questions refec to *Creating” Constella-

. tions," while others refer to."Using a-Star Map" ‘r CONSTELLATIONS TONIGHT You -
L should revise this test as needed to fit- your particular classroom srtuatron 4

,/ - ' T '-.Answers to the - -"-"'_: o '
. S Astronomy Quiz 7 : “
LT CONSTELLATI(BNS L

' l-True, 2-True, 3 True, 4-(look for two drﬂ’erent constellatrons that make use of the dots) 5- .

D, 6-(depends on ‘class discussion, " but answers ‘might. include’ time-telling, calendars,

. pavigation, or just because it was fun) 7-(depends’ on class discussion, but answers might ..
. _include the sameas above, plus space navigation, locating deep-space objects for telescopes,

studying the history of stars and ancient cultures), 8-C, 9-(circle touching. near. the words

.. *EASTERN HORIZON"), 10-(X in the"center of the star map circle), 11 (line endmg at the

‘-" horizon circle near the words ’NORTHERN HORIZON "
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- -rnvented a long tlme
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- '_- . Astrono y QlllT S
/CONSTEL ATIONS o
Clrclethebest answer. Lo ': _"‘_’ o R ;‘ S )
' 1L " Constellatlons _can be used to find directions on Earth. - True . False© Don’t Know .
2. If youseea dim. star next to'a-\brlght star,;'jyou-_ will'”__ I"Tru;e_ " False ;Don-’t'lgnow T
" always find it next to the same bright star. - AU T
R A_star_map"is._used to ﬁ_nd-eonstellations.~ . ‘True False  Don’t Know
. _ . Lo

w. the same pattern o'f stars Ptcture A shows a constellatrpn that was'

.y

. ® ) - ' [ ]
o - o
. - e .
L 0 e ®
Lo e e N @
O .o o CF o
. . \. . o ] . C p -
A . B C
4. Invent two dlfferent constellations and draw. them in Plctures B and C Label each con-_ :
’ stellatron wrth a name that fits your drawing. : b
. . -t e

5 | Ancient people in Amerrca, Europe, and Chlna saw dlfferent constellatlons in the same_
-~ set of stars. / Why do you think . thls was so? (Clrcle the best answer) :

A) People i in different countries saw dtfferent stars. L e

. B) In those days people did not have telescopes T ‘
.C) The atmosphere blurred the view of the sky. -
D) People in different tountries saw thlngs impoftant to them. ~ :
E) They spoke drﬂ’erent languages I-'.:;j . q’ o
. \ .
o & / Llst as mnily answers as you can for que!tlons 6 and 7 B
6. Long ago people probalily mvented donstellatlons because
A . 1 _ ' - .
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Clrcle the letter of the picture that shows what you would see. if you looked towards the

- Eastern Horlzon tonight, accordmg to the above star map..
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EASTERN HORIZON
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NORTHERN HORDZON
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This is a star ‘map, just like on the. last page, but wrthout any stars on it. Please mark your

. answers to the followmg questrohs dlrectly on the map

S 9, The‘moon is Just rismg on the Eastern Horlzon Show the moon on the map as a httle o

- circle. - : ;
F] -' L ]

4

-
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10, Pretend you just saw a UFO (or ”ﬂying saucer") Just overhead Draw an “X" on the map | R
showing where it would appear in the sky. : :

11. Pretend you saw the UFO ﬂy in| a straight linend zoom out of sight over. the Northern
' Horlzon Drawa lme shO/ﬁngt e path of the UFO R S SO
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RED PLANET MARS

A PROGRAM FROM THE HOLT PLANETARIUM
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oo g e 'Pre_fao'e_ e e
\ - Red Planet Mars'was desrgned for publrc audiences and for school chrldren m grades four
: o and above. With some daptatlon, it could be presented to slightly- younger groups as well:. _
: :.*‘"‘Q'M -~ The purpos '{of the program is not to tell the visitors all about Mars, but to enable them ! :
e ake. their owA. discoveries about the red plane’t Through a perles of activities the vrsrtors - 9
i learn about planets in gene ral and about how astronomers investlgate them,




“+#. “In the first activity, the visitors-identify Madrs as the arxent Grreek astronomers did, by ~
observing its. motion from night t night as it wanders among the "fixed" stars.  Next, slides are
used to shéw ‘how Mars looks through'a telescope. As a special effect projector sinfulates the S

* changing, distorted view caused. by the Earth’s atmosphere, the visitors are invited to sketcha . - -, - - [
map of Mars. The visitors’ discussion of their. own maps provides a jhmpmg-oﬂ‘ oint fop the - - i -

- ;,mstructor to drs,cuss the Great Canal Debate whrch astronomers waged durmg ‘the ¢ half of {7 S
the twentieth century. ‘ : '

_ " The screr:‘ye of "exobrology," still very much ahve tbday, provrdes the ratronale for the ' .
" next activity: inventing a creature fnch might have evolved on a Mars-like planet. The pro- .- B
" gram concludes with the modern space éerentrsts vi f Mars through photographs taken by I \

Martner and Viking. - S pd o

. - weWvould be very grateful to hear. from you about how you used this program, What R
modtﬁcatrons you made, what worked we /and what didn’t work well , -
‘ .

. t . . p ‘ . . . - .. . . .. .. . . 3 . ) . .. . ,'
e ..After' attendmg thrs program, the visitors wrll be a’ole to explain that: o : LT
/ RIS | Planets and stars look srmrlar af first glance wrth the unarded eye;. L Lo Ny T ‘ '

' Some stars are reddish, as.is Mgrs; ' | ' : ‘ ' '
‘Planets can be detected by noting their motron agdinst the background stars;

' 4 -Atmospherrc interference blufs the, view through atelescope ' SR S
S Several " different observers may report conflicting aspects of a phenomenon poorly - '
- observed, and yef all may be reporting useful information; . : N A |
6. Exobrologlsts imagine fofms of life adapted in- spec1ﬁc detarl to the planets*other than _

' Earth; . - e

R ...The Wiking spacecraft have vastly mcreased our knowledge of Mars but have not found
SRR clear srgns of life. :

LS . . -

l- ) o S . ’ o . R .

. . N 'r
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, T A
for supplymg slldes of Charles Ca;gen ’s draw1ng of Mars (copyrlght 1974 Charles Capen) the. .
' E Hale Observatorles for’ thelr photograph of Mars {(copyright, 1965, Hale Observatorles) and .
SRR ~the ‘Astronomical ‘Society of .the Pacific for supplying NASA photography of Mars. Permission
e "fvt the copyrighted mateflals has been obtalned for thls partlcular program only, and no:. -
: ' g oth';?aproduotlon or uSe haQbeen authorlzed ‘ . _ ST 3
' l : _ .
- '(-'.f oo ) :
~ Materials -

t '.'q E 1) Slides for this program have been assembled from several dlfferent sources, listed in the

s 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 -
o . " obtained-from-us at-cost. See page. 97. No other use ot‘ reproductlon has been authorlzed :

- 2) One Special Effect Device is used in this program, a *Mars-under- -poor- 'seemg conditions" sin-

- gle slide projector devised by Sheldon Schafer of Lakeview Center Planetarium, Peoria, Ilinois.’ -
This inexpensive device may be easily assembled and/ consists of nothing more than a slowly-
rotatlng transparent plastic disk placed in the' projected image beam of any slide projector. The
disk is thinly smeared with vaseline, with some areas wiped clean to produce ‘moments of clar-

A ity. We use a disk 20 {m. in diameter glued to a 2T, p m. motor. (Similar motors and disks are
~ available from Edmund Scientific Company, Barrmgtpn 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, a allable commercrally from the Hansen Planetarium, 15 South State Street Salt Lake
.City, Utah 84111. The effect is quite accurate. (see dlagram) -;

v . '3) A Naked-eye Mars Projector is needed for the first activity. It must be moveable and simi--
: " “lar-in diameter and hue to other red stars in the planetarium sky. Many planhetatium projectors |

T " . already include a good Mars projector that can be adjusted by hand. However, if your- projector, :
S - like ours, produces planets much greater in diameter than the stars, you cdn use. a single slide -
o _' _ ' ¢ projector instead for Mars. - We use a srmple black Kodalith slide with a small orange dot which

.. T 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 (durrng the
“days") in the program You’ll need to make your own "dot" slide. A

4) An’ Activity Sheet for each member of the ‘audience provrdes space- for them to draw their
" wersion of Mars, and for their. extraterrestrial creations. You can devise your own sheet or. use e
-ours. (page 17,4) ‘We also provrde a clrpboard wtth attached pencrl for eaclTarthpant

S . o o0 optlonal _ L R
5) An’ Opaque Projector allows partlcrpants to have thelr own drawmgs prOJected onto theL
~dome for discussion. 'We use a $15 opaque projector (a "Brumberger #290 Project-o-scope” o
a "Rainbow Crafts’ M100"), sold in art supply stores. This produces qulte an adequate image
. two feet in zlameter in our dome. Edmund Scientific sells better projectors “for . $90 and up. An
- alternative would be to show.slides of drawings by previous audlences '

~6) A Battery-operated nght Pointer. These are” available from photographic stores for about :

$10, and may/be used as is. We modlfy ours as follows to increase battery life: a) replace the

: slide switch Wwith a momentary contact gush button; b) add a srllcon power diode m‘serles wrth
v .,u' the batterles to dropxthe voltage and c)%se rechargeable n| -cad batterlesr '

§ , . . A,y \ \ '
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; We don’t expect the'scl‘lpt that follaws to bé memorized (as an actor might memorize%a - -
A part) but to be used as a guide in learning, rehearsing, and improving presentations. We -

‘%.. Tecommend that you read the script- once or twice, then work with it in the planetarium, prac-

. ticing the projector controls, slides, speclal effects, and 'music. You should be able to imagine )
j_yourself presenting information, asking questions, and respondrng to participants. For your first
few pregentatrons you can have the scrrpt on-hand, usrng major headrngs as remmders of what.-

-todonxt S

Y The script is orgamzed in blocks: or sectlons The purpose of these separatrons is only to
i Co help you learn and remember what comes next. Once you have begun a section, the slides or
special effgcts and your own train of thought willrkeep you on track When beglnning 4 new .

sectlon, make the tr‘ansrtron logically and smoothly - r — ,,,;.

_ Dlrectrons for the instructor ‘aré printed in italics, the mstructor S. narratlve is prlnted in
_regular type, and directionsand questions' to.which the. audrence is expected to-respond are

pr'inted in CAPITAL LETTERS. There is no point in memorizing narration word-for-word /"

sincé. what you néegd to say will depend upon the participants. The language you use and th

number and kinds of questions you ask will depend on how old the participants are, how wrllrng; '

they are to respond and how easrly they seem to understand what is going on..

We believe the most rmportant elements of the program are the questions and the activi~ -

ties ‘since these involve the audience . lfP active learning. If you must shorten your presentatron
- we recommend that you borrow trme rom the narratron :

» . - - . &~

The following checklist is suggested' as a guide in preparing for each“presentationi

ﬁ

S | . Latrtude Home. . _ o , - .
J . 2, Precession: Current S I oo
EER 3 __'Drurnal set so Castor & Pollux are 10 degregs above Western horlzon
_ R ‘-4. - Mars set a few degrees to the left of Regulus in Leo _ T _
" .. 5. Noother planets vigible.’ I T ‘
6.~ Sun-and-Moon off. e ' ' '
7. Slide projectors set for Mars show. '
. 8. '_NESW lights on. - '3 .
. 9, Actmty sheet, chpboard and pencrl for each member of the audlence
10. "Mars under-poor -seeing- condltlons“ effect. - A - _ L
11. . Opaque projector. (Optional) - ’ e . _ ;l '_ | 7 B
v 12. Battery- operated light pointer. (Optional)" o _ Lo . s
AN 1‘. Trtle and Credlt slldes on (Shdes 1 and 2) S
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... . NTRODUCTION ~ .
a‘.' ¢ . I - "‘L . 4 ._ . [_- . _' . ‘\\ -
: My name. is and ld hkq to welcome you to the - - Plane-
i ) ~ tarium. . One of the most excrtrng things about science is the chance to discgver something new.
‘ . S Today, in the planetarium, you will have the chance to experience for-yourself somé of the

excnteme,nt of discovering new things about.the Red Planet Mdrs.” 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 through a telescope; and recently we

A R . got our first close-up look at the- surface of the planet. You will be able to make each of these
a . drscoverres yourself today, in our partrcrpatory planetarlum program, "The Red Planét Mars."

T Its. nbw evening, and as your eyes grow accustomed to the darkness, you will see the sky ’
as it Jooked during’ the summer of 1976. ‘We have gone. back a bit, because Mars wagheasily
"+ visible at that time, and as we ‘shall see, the summer of 1976 rs 5vhen the greatest adv cein

: our knowledge about Mars was made :

. _"Z

e FIND RED TARS ACTIVITY -'; L

\ e Can wé drscover Mars right’ now" ' :

’ EVERYBODY PLEASE LOOK A AROUND THE SKY' TONIGHT AND LET S SEE

o : . HOW MANY YELLOWISH-RED POINTS OF LIGHT WE CAN FIND. PLEASE LET ME
EE : KNOW WHEN YOU HAVE FOUND YELLOW TO RED POINT OF LIGHT, SO WE CAN
’ ' “POINT IT OUT TO EVERYBODY. - Turn up reading lights partially; when people find something, _

. et them show it with portable pomters Keep . aSkmg until Mars and two other yellowFred obJects are .

e found _

\" . We now have three candrdates--yellow to red points of light’ that mlght be Mars One of

. them has been destgnated by gvery soclety on Earth as belng specral Mars, we pall it. Butf o

- whrch one of these i is Mars" C g '

- IS ONE OF THESE QIFFERENT FROM *HE REST? HOW" Each may have some :
- "Unique quality, but we .need an overwhelming d(ﬂ”erence They are different through a telescope, but :
' the ancrents didnt have telescopes and still knew which one was Mars 7 , o

\ Lo FIND THEPLANET ACTIVITY | PR

—_— o : ¥ / : of . '

T3 Could one of these pomts of light- do somethmg dlﬂ'erent" We have been Watchrng fot\

tnany minutes now, and we know all the ‘points of light in the-sky appear to' turn veyy slowly

) throughout the mght But th e rsnt much happemng so.far ‘and no one star stands out yet T

i




' another

-jthey are bac
- “different?

/" Turnu

P &

F ""‘ . . . . . ’},.. 3 ‘
Maybe we sho l go ahead several nights to see if- any mg has changed T
S

object 10 a section of the audtence to watch

'‘ABLE TO TELLTF IT HAS MOVED
Turn u;f yllght turn down stars and planets Advance Mars about 10 degrees East.
When t

'stars andplanets. turn. down dayltght - :‘ Y .
.. WHAT
'e_vetybody

We

ill say theirs moveda litle bit. .- 7 j

‘most of .the’ obJects may have moved a lrttle blt Maybe we need- to' 8o ahead‘
ur weeks.: Watch your ‘'star agarn : 4 T

T n up dayllght dim stars and planets. adva’ce Mars another 10 degrees. etc..

BN
. .

'

" 9//We are not sure about some of the objects, ‘but have ruled out some, and one - group

1

- Repeat sequence aﬁnal 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

t fmove slowly every night, \together The planets, howevet, turn alittle faster or a little slower . - 2

. than the rest. There are other differences, but- ‘we can’t tell them without a telescope. Other

T lestral objects are Just as red--m fact the name of this star (pomt out) “Antares means rrval o

o . TELESCOPE VIEWS

We have drscovered Mars just as it was ﬁrst drscovered usrng our unarded eyes. Just 300

o .year 280, Gzﬂueo dlscoVered a new way to look at Mars: through a telescope.

a telesco , and we are gomg to look atfone of

l. . ‘--‘

\ Turn on Slide, 3:
* . Telescope Eyepiece Frggne
' Theq add slide. 4: Mars -

- .

Thi red circle represents the eye‘plece of

L DY YOUR OBJECT. CAREFU Y L[OOK AT. ITS POSITION COMPARED° .
: WITI( THE.STARS AROUND IT, SO YOU WILL BE

ltghts dim ggain, we wrll be four week,s in the future, and see the stars when .
in thelr sam? posrtrons But yﬂaﬂy of our yellow, orange or red objects be

HAPPENED TO YOUR POINT OF LIGHT" Go from group to group.- Nearly o

. WHAT HAPPENED TO YOUR BOINT OF LIGHT NOW, EIGHT WEEKS AFTER WE' S
ED?. Now a few wrll ha ve decided thelrs didn’t move, but thecMars group will be sure. t‘hetrs__ e

~ thinks this one (Mars) definitely flid move. LET’S ALL WATCH THIS ONE VBRY CARE»,\' ey o
R FULLY THIS TIME, AND SEE I IT IS INDEED MARS S / . S

[l




changmg, blurring the image. But every’ once o
" in a whrle, the atmosphere will stabilize, and

* ver\\accurdte simulation of the "llve vrew of :
‘_Mars rough a very large telescope. @ .

' might get an unusually clear viéw. But the camera- does
ooccur, and cameras record the. picture*over . several tenths

. graph the blur along with the clear. So astronomers observing: from the Earth even today usu-
jally rely on their eyesrght and memory, and sketch details’ by hand

i features we all agree are real.

"‘clusions.: There is a second
_ing is coming out and want to tart ovpr ¢

by o ! ; " v
) | . ’ L “ ) ‘e ‘ ’ . : | '
L | f t 165
.I’ " ¢ * -, Id [} ‘k - 5 ‘
_ WHAT FEATURES DO YOU SEE IN THIS PHOTOGRAPH" Color, dark shapes, white S
pole cap.. . -« S -
The feat K'es light and dark areas -are notv very shanp W‘they are kmd of blurry
. WHY; DO YO THIN‘ THIS PICTURE/ LOOKS SO BLURRY" tmospheric turbulence on -
"~ Earth, ' . . N Lo T
Now we are g(‘ng to see Mars as it would fook lrve, through a large telescope - L '
Shr/ Mars E[fect on;
o .then Slide 4 off for =~
T sr_noot_h Jade.

PR

~There it is. See how our atmosphere is

Ma\rs will become clear for an instant. Thisis a.

"~ An photograph we take through any telescope on Earth must also look through th coni :
stantly chMngmosphere of the Earth. The. turbulent air makes the stars twmkle, and the.

- planets look blugry.: Every- minute ot so on very clear nights, the atmosphere directly along our*

know when these moments will -

line of sight'may happen to bé less turbulent than' norma\I artd for a fraction of a second, we
seconds, so ttiey would photo-

There is somé fine detail on this view of Mars that I can just barely make out. An astro-, o
nomer wouldAiKe to establish as much. detall as ‘possrble by seerhg if there are any barely visible

. e . . . . . .
. . - [y . . - .
. . Y
e.

23
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TELESCOPE OBSERVING AND SKETCHING ACTIVITY o
Turn up dayhght dlstrrbute paper,, turn on reading. lights full - . - : _ ._ o

Here is your chance to pretend you are am‘astronomer, trymg to help decide wha the sur- .

B face features are. Let me. give each.of you a piece pf paper. On.the top half are two sketqhesh an
. T‘of your telescopg eyepiece, with a blank drsk ‘of Mars ready for you to complete o

NOW, Td 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 GET. AS MUCH DETAIL AS YOU CAN.

."We will, obserye for just, thutes, and then thd a brief conference to reach our Joint con-

k disk on your paper in.case you dpn t like the way yotlr draw-. S '_ _-\

+

o y -, : LT o o "'.. : o | | ‘-: ’
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) " : . - | ._ E | . o Turn oﬁ" daylight Go through three perlods of clanty, then turn up daylrght and turn oﬁ Mars L
e 'pecraleﬂ’ect R
' .- . How much detarl ‘were you' able to sketch" COMPARE YOUR SKETCH WITH THE o
N PEOH,E SITTING NEXT TO YOU. DID THEY SEE SOME DETAILS YOU- -DIDN'T? o

. '.-- '. o Walkk around the room, select one or wo. examples and show everybo}(y using the opaquie pro-
. l} __ l/ector These sketches are. all drfferent although some features show up on most of them.
R ', " ’.."'WHY DO YOU THINK EACH OF U$ MADE A DIFFERENT SKETCH-OF THE SAME
e j L V;IEW" Dw’erlng skills of observers different . moments of -observation, d(ﬂerent choices of what to
. 's,7" -© . watch. Theré are always. differing iiterpretations of what is really there for something new and -
.. e
’ e -~ as difficult as this. We cannot agree perfectly on what is really there, but we can come to some
o __'_agreements on broad, structure T . r . I Y I B
. o . .A,/J g ‘ - '.
+ 4‘.:.:_ R . (] .
B oAU LOWEL’L A_NDC_ANALS’ -
B | L. % One of the"‘lnost persrstent Marsobservers was Perclval Lowell, an Amerrcan astronomer _
_ e m the early: part of the 20th century. He observed Mars over and over for many years, and he
- : reported some- very controversial features that were ver'y hard to see Let ) look at one oﬂrs
: drawmgs showing Mars as Lowal saw it~ . : : ‘1_
N e ey '
d .0907.‘, :.'-‘ o ' e "o.' a . . \ S”de 6
A R ‘Globe ofMars
A by}Percrval Lowell
o _ Lowell saw ‘and named hundreds of fie '
. " lines criss-crossing “the planet> He noted they :
* seemed to connect the poles, which had white’ -
- caps -like ‘the arctic regions of Earth, -with the
. rest of the planet. Many astronomers never’ '
"“‘could see these-fine lines, but several others ~ ‘
. agreed wrth Lowell that thg lmes were’ there o
- IF THE LINES ARE REAL, WHAT WOULD YOU SAY THEY MIGHT BE?" _ '
$
Lowell guessed that the lmes were canals trrrgatmg the Martran deserts.. And where there
. are irrigation canals, there must be canal bullders Thus Lowell suggested there was a. crvrlnza—
R tton of mtelhgent Martians. - - . . L P T
o . o ' I e . o ' o
. 6. Voo . 2
. g .
’ S ‘ B : v, N = ‘ . T EXOBIOLOGY ACTIVITY . . ‘
.- .l‘ . . . -'& L . . ) ) .-A_‘. ' ] ‘..
S e The rdea of-intelligent bemgs on Mars sounds fantastrc fo us tbday, and it was also fantas- »
‘ N “tic 80 years ago when Lowell suggested it But the idea of intelligent life somewhere in the
e L auntverse besides Eanth is a very reasonable one, and an ldea that many screntrsts today thmk is '_ e
-,. __"'. \
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_ very possrbly true. Beyond%ur star, the sun, there are billions of other stars, and each of them .
. may have planets like the earth or llke Mars, that might support other forms of life, even
_ mtelllgent life.. - .. ™ -

'
'v,ﬂ'

S . . .. . ._.‘ . b .. @ . . o0

1

L]

Scremlsts today who are investigating the posSrblllty of life on other planets are called-exo-

L blOlOngtS Exobiologists try to- determine what life forms might exist on planets with different
* conditions from those on. Earth. Exobialogists studied the kinds of life- that could exist on

““Mars, so'that they could design’ spacecraft like the Vrkmg, that would be able to search for this S
- possible life. L _ _ _ _ | ST .-.), |

Let’s examine some modern exoblology We are going to see several creatures desrgned .
by exobiologist Bonnie Dalzell for an exhibit at the National Air and Space Museum of the = - o
Smithsonian Institution in Washington, D.C. These imaginary creatures have special features - -

that have been evolved to help. them survrve on planets different from Eartlu . : e

~Flier gets around very nicely. -

creature we ml_ght expect on a hot planet with ¥
. low gravity. There, a hopping creature would
* . be able to travel 'a good ways on a single hop,

‘'WHERE HAVE YOU SEEN T
* since although air is thmrrer on G
~ delta wing is a good des:gm-l(_'l'le blg wing-is good for ﬂylng, and the veins help cool hlS blood on ~
~ this hot planet e no .

‘ gravrty, thick atmosphere planet. - He needs less
.~ wing surface- for his body mass. ‘Even with six °

>
4 . . . . .. .

.
- Slide’7: .
) _R_ed Hop-Flier

?
[

" This is a Red Hop-Flier. 'It’s the kind of

and assisted by his thin wrngs the Red Hop-._ |

; HOP'-FLIER’S WINGS LOOK AT, ALL FAMILlAR?
APE BEFQRE? Harig-gliders on Earth look very similar,
ravlty planet, the laws of aerodynamics are the same, and a- -

DOES THE SHAPE OF

. . Slide 8:

Gliding Green Carnivore

9

By contrast, this creature glides on"a high

legs however, he does not hop well due to'the )




desrgned for--a planet with lots of ocean and a .
- very high gravrty

: "WHY WOULD THE LARGEST ANIMALS ON A HIGH- GRAVlTY PLANET PROB- o
ABLY BE FOUND IN THE OCEAN? Hint: Where are the largest mammals found\on Earth? =+

"a high-gravity planet. WHAT FEATURES

. HELP - HIM SURVIVE ‘ON HIS HlGH-'
. . GRAVITY PLANET? Very  thick and _sturdy.

eat plams that grow close to rhe ground

] ' T ¥ S
N | } 1 . ',
Ty ) - , f ] A - i ‘
A K l : 1
| . ¢ :
' ... Outrigger Ribbon Fish
. . . | ’ /“.

Here is a huge fish byr Ms Dalzell

-~Whales live in the sea, because the. buoyancy of their bodies in the water reduces the greal mlernal_ .

slrenglh lhal S needed ro keep such huge creatures from collapsmg under gravlty 's pull

o Slide 10
.. ' . - " Bandersnatch

‘Hereis a creature designed'for the land of -

DOES 'THE BANDERSNATCH HAVE TO

neck,’ ten short and thick legs, large, low moulh lo

- 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 gravrty, 2) much thmner /atmosphere, and 3):
T much colder weather. ~ = - -

On the bottom of your sheet of paper isa drawmg showing some forms gf life that have' Lo

evolved to meet Planet Earth conditions. They might not ke suitable for a Mars-like planet.
I'd lrke you to'make your-own ‘guess about a being that mighi\be adapted specifically to survive

on ‘a Mars-like pla et. You want te imagine a being with features desrgned for lower graytty- ,
‘than Earth’s, thinndgatmosphere than Earth’s, and colder temperature than Earth’s. PLEASE -

. MAKE A VERY ROYGH SKETCH OF AN IMAGINARY BElNG YOU THINK WOULD BE
‘ADAPTED TO LIFE ON A MARS-LIKE PLANET.” :

_ (Note: Adults are often shy about this open-ended actiwty Sk:fl on lhe parr of the msrruclor
may be necessary to get adults to give it a ry.)

-
- " Give people time to dréw. Ask people. to compare their ideas w:th therr nelghbor s, Ansmr any
"quesllons you can. Whén most people g;we finjshed, go around and show a few’ drawings (using

" opaquie projection (f available), asking p ple to explam whal survlval fealures lhelr Martlans have

IS Complirnem clever adapralions o o S O ,
. : Lo - ] e . . e .-
. » I [} ‘ . V ' 4 1]
- [\.-; o T ";

v
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SCIENCE FICTION MARTIAN
Your drawmgs are good speculat n, and, as we wrll see, modern screntlgts are workmg on |

“very similat concepts.” WHAT DO Y THINK OF THIS DRAWING BY AN EARLY EXO-
BIOLOGIST IN 1939" - 1 : o '

L-

$

Slldet] *t;

- This is v‘bhat a science fiétion artist--Frank .~
Paul, working with astronomers--imagined Mar- :
tians might look f[ike. WHAT FEATURES -
DOES THIS BEING HAVE TO HELP HIM
SURVIVE ON MARS? Large ears and lungs for
the thin atmosphere; tall and slender due to light -

" gravity; fur and r‘etractable eyes and nose for cold
temperatures

Are there really Martians lrke this, who would burld anals and farm the planet" Lowell -
. certamly thought so. ‘But you have seen how hard it is to see the details on Marsy and very few
- other astronomers could see all/the 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'MARS? Get apove Earth’s
" -atmosphere, and if poss:ble get closer to Mars. -Then we could get a cledi view, and see (f the canals.
. really exist, - - - o :

Turn oﬁ" readmg Ilghts and dayllght

N N

~ VIEWING THE MARINER 9 & VIKJNG MISSIONS '

Sl/de 12: Marmer

_ SLO WLY rqate dmrnal 50 lt looks as (/ the -
spacecrqﬂ is mowrlz?l '

J “This is the Marmer 9 spacecraft - that '
' _or ited Mars in 1971 and sent back our - first-
“closeup pictures of the Martian surface. "In
1976, the" Viking I and ‘I spacecraft sent back .
o color plctureaa they orbited Mars. Once more
we see Mars in a new way. 'Let’s. watch the .-
" television picturps sent from- ‘these’ spacecraft
. - as they approached a few thousand mnles dbove,i REn

" the surfas:e of Mars ‘ « .




N Falf Phase

\underground L ’ , |
’ .-' oom .“._" L4 T s *‘ . . . ’.. ) . . . .
R -"‘\-/ RS & e Ly
» 4k, } o _.h‘_\\_v . ; . ' '. v & N . ) ’ o

U Swde13: e o
-Mars from Viking 1l . ' e

’ .
- Half of Mars, like the earth is in night ,
and half is in day, lllummated by the sun, "Vik-

ing here was just over-the 'rt of the platet.
between ‘night -and morning,. S0 we- see one- -
quarter of the surface illuminated. The "grand

! canyon" of Mars Vallls Marineris, can be -
¥ plainly seen.«’ That is one of the few line

_ features in Lowell's camal maps that turns out o
L A to be quite real, = - s
.. ‘ N
_ Slide 14: .
Mars from Viking 1l -
s/ . Crescent Phase-
o AN o S . ' !

/. Here we see a bit more of the night side.
1 ice cloud is seen rising off a great vol-
' /cano and a frost-covered crater is at the bot- .
tom y o o

~ " Slide 15:
*Mars close-up
4 . . .
As we moqge in .closer, we see ap area
" about 100 kilorheters on a_side with bright ™
‘white ice clouds hovermg over canyons on ‘b

"Mars..- L L R

Y o . . B

N side 16: -
| Black & White Close-Up '

A * Not far from the §outh pole, thrs blacln
.- _and whit¢ photograph from the Mariner .9
- spacecraft shows. another . aréa 100 kilometers’

_on a side, With strange pits and' hollows.
'WHAT DO YOU THINK THEY MIGHT BE?

. Possibly the result of ice freezlng and thawmg




| - _ | ~Slide 17; - . -
\ o o . -Marsﬂve"r valley .

- Here is a very rmportant picture of an
“~. area 400 kilometers wide on Mars.- HOW DO
+ -YQU INTE.RPRET THIS PHOTO? It looks . ¢
’llke\a‘rlver ;valley. The branching tributaries
strongly 'suggest a water-cut valley, but there is
no -liquid. water oh the Martian surface now. |8
“This.creates a fascinating new- quéstion: Where 3%
- did the water'come from and where has |t gone
B today‘) o A S . .

So these views of Mars pose many further questrons 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 ‘we see, such as the "Grahd Canyon of Mars," have any correspondence™to
features on Lowell’s ‘canal maps. -The rest of the canals do not, in fact never did, exist. You = .
havé seen how difficult it was to see surface features through earth-based telescopes. . Much of -

" what Lowell did has proved. very valuable--he|developed the techniques of plarietary photogra-
phy, spectography of the nebulae, and deter matlon of the rotation rates of the planets--and
even exobiology -- but hi$ observatronssof the ‘canals’ were not correct. Apparently, the human__"'
mind "helps" the eye and ils in the details sometimes that the eye partially sees. This is what -
makes optical illusions work, and.in-this case, it must have made the rims of craters. seem -
longer, straighter. - We now\know that the famous canals of Mars never existed. -

L - In the summer of 1976, th Viking spacecraf t detached parts of themselves and landed on

~_the surface of Mars. A Vikihg lander touched down and pointed one of its cameras at its own
X J’ footpad. As this black and w ite prcture comes’ on, we wrll see the first. photograph ever taken -
: from the surface. of Mars ' :

* \ . .
. Slide 18
“Martian Surface .\
__ | Vo
S ) This rem_ar'k_ably sharp'. photograph "shows

_ ‘the rocks, sand, and dust at our\ feet ‘as we
- 'stand on the surface of the red Mars_.',

A |zon If you stand on, ‘Mars and look

i : &

. Slide 19: ..
- \ -'; Mart/an Hor/zon

Then Vrkmg IT pointed its cam%{' hlgher, and we wrll now see a color prcture of the hor-
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T Slide 20: ,
.~ - Viking Digs a Trench . ,
e -
L J .
_ . b Co On the ground behlnd the boom you can’
T ' see the trench the spacecrafts 'arm" dug for‘ - ‘
R _ gathermg_sorl{samples for more experiments.g . .+
 Slide 217 T
. Viking spacecraft '
| , © withflag . .

The surface of Mars lS ltke a rocky desert

There is no running water but only. vast, .lcy

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.

- / e Sensitive electromc mstruments on the Vlklng lander searched for microscopic life, b&l o
! C - the results are confusing, and there is no clear sign that even micraécopic life exists. Viking
e - " .~ has conducted a- sgries of mterestmg science experiments: measuring the’ weather on Iéiars
' * searching for Marsgxakes analyzing the atmosphere and the composition of the soil, and. fook- _
ing for: magnetrc partrcles Maybe we w111 leam‘how the river bed we saw Was made, andwhere i -
. the water is now. . ’ e '

PR “There still might be some form of life on Mars, and we may not yet know how to’ look for
: “. . it or where it:might be. There may yet be more mogents when Mars looks new to us.' But
: . the mtelllgent Mars Man, building giant canals to farm the surface, just does not exist. There' T
. \ ~~is no reason for exobiology to stop at Mars, however. There are o hundred billion stars in .
"W s our galaxy alone, and almost every star,’ lrke the sun, may have its own family, of planets

e Even 'if there turns out to be no.life at all on Mars, the red planet has taught us more
- about how planets. were formed and how they behaved As we move on to other planets, other -
» _ suns; we will have learned-how to look from our experience on t?e Red Planet Mars. = . .. .

'




Belngs from the

Vs pemg from a Mars lee
Planet Earth L )

Planet
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A " This Planet Has: ... —--—— == == ¢ i
IR L . Weakergravity., . oo P
: e -“_-‘. Thinner-atmosphere. R ,
. '-.W|ll|am K. Holt Planetanum, Lawrence Hall of Science . . .. .7 Colder weathel; tha-n Earth S e e
UmVersity of fallforma, Berketey, Califort“ 94720 L o S "\.\ _ _ , ' v : o :
"The Mars ObservatioA 'Activity was developed by She n Schafer *

Lakevlew Center Plane’arium, Peoria, lllinois
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Dlscover More About N

(e RED PLANET MARS S
. { !
i -
o H G. We Is War of the ‘Worlds, 1896. Wells lmagmed an -invasion from Mars, based on the' :
A " -latest the rles about the red ptanet from..astronomer Percival Lowell. This fascmatmg novel o
COR started modern science fiction on its way. . - I
( . Wllham raves Hoyt, Lowell and Mars, Umversnty of Arlzona Press, 1976 Thls dehghtfully

“illustrated s\entlﬁc blography of Percival- Lowell illuminates the excrtement ‘and controversy
.over Lowel
Martians.

. James B. Pollack ”Mars " Scrent(ﬁc_Amerrcan, Septembt 1975 Reports ‘the status of our
‘knowledg prlor 'to Viking. Articles in this magazine reportmg Vnkmg results appeared in July.
.and November, 1977, and March, 1978. .

fScience News, June 5 and 12, 1976, and Astronomy, July, 1975 Guldes to the ancmg prOJect_.

- and reviews of the history. of Mars mvestlgatnon 4 :

. Henry S. Cooper, Jr., "Profile: Carl Sagan--A Resonance w1th Somethmg Allve, New Yorker, B )
' June 21 28 1976. . Superb Wrence reportmg sharmg the’ excltement of the search for life -

s contrlbutlons—to planetary astronomy, mcludmg hns l" fated speculatrons about

‘_ 'Journgl of . eophysical Research, September 30, 1977, Very. techmcal reports from major Vllung .
_ experlments (about 700 pages) Reprinted as Scient(ﬁc Results of the Vrking Project by the'

.
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* . For more mformatlon on BonmevDalzell s work. (shdes 7 10) see Sm:thsoman, October '

1974, pp. 84- 91. _ : '

' Slides 4 and .5 may be purchased from the: Hansen Planetarlum _Salt Lake Clty, Utah . .
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 Astronomlcal Socrety of the Pacific, 1290 24th Avenue, San

Francrsco, Cahforma 94122

Sl’des for The/RED PLANET MARS | .
3 // . —
e " Description | Source. - -
1 162. _fitle Slide - o LaWrenee Hall of Science” -
S 2 162. | Credit Slide | . " Lawrence Hall of Scignce {'_ '
,,3@ ‘| 164 -_E'yepiece Circle | . 'Lawrence'Hall-.(})f,Science :’
' |4 ' 164 D | Mars Photograph Hale Observatories -
l. 5. \ 165 Mars Drawing Charles Capen/Hansen L
R : ST -Planetarlum ' o
16 - 167 |. Lowell’s Globe of Mars .Lowell Observatory - ¥
RO (T ] Red Hop-flier Bonnie " Dalzell gflor the
I I o s National  "Air agd Space | o
- Museum, Smithsonian
- 8. 168 Gliding Green Carnivore: Bonnie Dalzell °
BE I I 169 \ ‘I Outrigger Ribbon Fish | " Bonnie Dalzell
| ‘ »
' __ Sllﬂe Yis mtended as a frame for slides 4 and 5. We pro;éct slide 3 from a separate single S _ \ )
slide projector posrtloned so that the lmages on slides- 4 and 5 fall within the "ey‘mece" frame o T
. This is a nice effect, but is optional. : T e _
g ~ Slide 5 is used in the "fuzzy Mars" activity, described in the text : . oo L




N Description

¥

1 .

T T TV 169 | Bandersnatch * - 1| Bonnie Dalzett - -+ ¥} . o

; o e . B
11 - | 170 | Paul’s Martian '

FantdS_tie Adventures, 1939 - |

EV IR i U] | Mariner 9 Spacecraft ~ © - Nasa- -}V
L1 I M!u\\s 172 disc, fromiVikinJ NASA - o

g o 4 BN VA N | Mérs\,\h_1/4 disc, from Viking - ’.NA_S_A A

6

15070 % e Ice clouds over Martian | NASA
S .canyons S

N4

-~

16 '.  1_71 o Pits and hollows near Mar- -_NAS_A
e : tian pole’ S

>

17 .| . 172 - .| Martian river valley NASA ) S i

B et ol Eoaaka B ' — s

»

18 % - 17k X | Martian ;sur'facei, ‘B . &- W NASA (.. - _ | !
: : £

e | 12 | Martianhor®n Y | Nasa
2 | 173« | Vikingdigsatrench . .| NASA/ ) ot

Viking Spacecraft with-flag -

. With the exception of the Lawrence Hall of Science slides and the NASA slides, these'\ ’
" photographs are of copyrighted material, and may not be reproduced without permission from / '
“ “the copyright holders. We have putchased slides 4_;f and 12-21, and have obtained per:ﬁisqign' S
. to reproduce sfides 6-11 and provide them at cast fol non-profit educationg planétariunis to use¢ - .
in,-'pres@ntiﬁg The Red Planet Mag. ‘We have no permission for any othgf reproduckion or use.
See page 97 .if you wish to purchase all 21 slides from us, at our cost. o '
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' 1) Arrange to move outdoors for the last part of lfhe actrvrty

teachers with. no ecial preparation in science. SIM ULATING THE SOLAR SYSTEM is keyed to

A Classroom Actrvfty to Supplement

" s ,51 S “The Red Planet Mars“ Planetartum Program L

-

T
P .‘-'

Thts science acttwty is des:gned for students in grades ﬁve th ugh elght It can be presented by

“some of the concepts in the planetariury program, "Red Planet Mars," so it will probably be most

- effective if presented Just beforéior just aﬂer visiting .the planetarium. Each teacher _may w:sh to adapt A

the Ianguage and pace of the activities J\o his or her partrcular class of students
Objectlves

ThMary obJecttve of thls actrvrty is to increase ‘the students understandmg of the'
appearance and movenents of the stars and planets. Afterothe lesson, the students will. be able'

‘to explain or demonstrate [}
‘1) What a planet looks like in the méht sky.

2) How to ﬁnd out if 4-given pomt f light in th ni y is réally a star or a planet
- 3) Why a planet appears to "wand " among the ba nd stars, - : g

S e 2
-

. 4) How to use.a model to figure ¢ ut why the stars and. planets appear to, move as they do

. '

Before theﬁl Lesson '

R

2) Mount the three posters for /lhls actlvrty on light cardboard.*

terns #2 and #3 hidden behmd it.

1

DA ..
\

S 3) Stack the three pos}érs together on t,,he chalk tray so Star: Pa%n #1 rs showmg, upth Pat-

3 .

_— | Part\A ObservmgAPlanet g 4 -

T

e

Lty Here is 4 picture of what y’ou-v’iouldj' -

_ po ms\of hght do you thmk is Saturn" ‘

Stars and planefs both ook llke points of light in the mghttrme sky Stars are hot balls of -

gas like the Sun., Planets aresgooler ‘balls of material like the-Earth. Planets circle around’ stars
in "orbtts " It takes the Eart&et‘ull year to complete ltS .orbit around the Sun AN

¢ L

1

s / T ‘s
. . A . .

¢

and seen ti¥ planet Saturn among the stars-

have seen %you'-had_.looked up at the sky
s January 15,~1978. Which one of these

S ow poster of Star Pattern # 1

-




o
PN

G -Here is apother picture made one
o " month later on February 15, showing the
;- - suame . parf . of ‘the sky. Gan you see: .
. anything different sbout it? Would -you.
. like to take a second. guess about which
~ + ., - -one of Yhese. points. of light Is Saturn? -
Where do you: PREDICT - Saturn "will
-appear one month later?- . :

) R I_ h Place Star Pattern #2 next to # 1

LR I o

‘;“.l B ) -l - . . .--'v.

, Well let’s seeif you are nght Here '

"'is how this pattern of stars appeared ofie
smonth _later, on March_ 15, 1978.  Who

. 'would like to describe’ how’. Saturn 3
.- \'wanders" against the bac_kground.stars? R
X © . Place Star Patterns #1, #2, and #3 :

- -~ next to-each other.on the chalk tray. . a

I © . The planets appear to wander at da?”erent "ates of speed and in different dlrectlons from month- "
A " to-month. " Teachers wt,oo would hke to lear{t more about these mot(orts are'encouraged to consult thelr
o local plafetarium direc e : Ce

_ . Tlirough a telescope, a stat appears very: bnght but it is st Just a pomt of hght A
- planet, however, is much closer to us, so we can-see details on it." Let’s look-at, thts wandermg

Pomt fo the "star" that has changed its posltlon Show a poster, slide, or a plcture of Satiirn.

~ point of hght and see what it looks ltkekfﬁaough atdlescope ' R &'«\

‘\;\L'“fz.‘
W

f

ES
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) . Part B Slmulatlon Actmty L
C. " Have the students go outdoors and stand in alarge crrcla, about 40 feet in lallameter’ (but close
_ . . Now we-will do'an activity to see why the planets seem to wander among the stars.. Fu‘st
‘, S we neéd two volunteers to. stand in the center of our crrcle to play the’ parts of* the Sun and

IR '- Earth - : : '
o " Have the Sun stand in the very c’enter of the circle; and t Ze Earth stand about ﬁve feet away.

PR S e Imaglne that -all of you in the circle . aré stars Ltke (3 real stars,”each of you has-a name.,
T -'\',If you want to appear even more like the stars, space yourselves around the cnrcle SO the Earth |
e .- -sees groups, or CONSTELLATIONS of stars. : :

_': : e .= _The students move a little closer or further apart $0 they are spaced unevenly around the. crrcle

CERE Earth please turn so. you can see the Sun ‘What tnme of, day is it for your-face? (Noon.)
o - 'Now turn so it i1s night for your face. Please pomt gut some stars: whose names you~know'

. . - The student playing Earth pomts to thre,e or four classmates and says therr names. - . .

: _"Earth" ove so that a whole year. goes by?

e ' . At least one or two students in. the class will probably be able to suggest that tn one week the

' Earth would turn around seven times while standing in the same spot, or moving a bit- along inits

_ S orbit. " To. demonstrate a year, ?he Earth wrll have- (o> walk around the Sun whrle at the same trme
e R spmmng around. -, : : : : : :

; - .Earth, please demonstrate one yeare%y walkmg all the way - around the: Sun in your ‘orbit.
e I yow get dizzy, Wwe’ il pretend you turn around 364 ttmes as you walked in‘one. complete
Lo ' '.'_c"'cle . a . .

. . . - .
' ° - N .. ) . ) R . - ’ .

- enough tohearyou) S R )

How should the Earth move ‘0 that a whole week of tlme goes by" ‘How should the

W




; stars, so a: slrght c}t

. ; ..
‘Now: I have a problem for you ‘to ﬁgure out I will drvrde the class into two groups I )
. want each group to-make its own model of the Solar System, with. the Earth, Sun, Stars, AND
.SATURN « You gnust decide where Saturn should be and how it should move "When we get
-~ back together again, I want each group to demonstrate why Saturn appears to wander agarnst
 the stars. .Any questions? - : -

-

r. ‘ . ‘ ’ . : .
- Divide the class into two group.si’and assign areas for them to work in. Let the students choose'

work -until they have solved the problem (probab‘ly five to fifteen rﬁmutes)

Come: baclying form a latge circle again. ‘Who would like to explain why Saturn appears
to wander agailgt the*sws, whrlé your teammates act out the Solar System? . ,
o The Stude v Fiscover either or “both of the followmg explanatlons for why the plartets

appear to wander i

t’V " the stars First, the planets are VERY. much closer to Earth than are the

\stars Second‘ the planets-are moving in their owh orbits-as well so. the dlrectron an Earth observer
)pust look .to see another planetfls always' changing. It is not important for "the teacher. to explain

"these. cotcepts in detail, but rather to let the students ekplain .and demonstrate therr ldeas while the -

otit’ér students.comment and criticize. . .
Nov:/tt s the second team s turn, Who is the ex larner" The Earth" The Spn" Ceea

\
) .

. oL . ’ . . ' o .
. e T . ° . '. . : . B
¢ e L. . . L T e® : . . . L )
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o . . o . - . o . . .
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L F.‘ollovvnup Actvities

;o . . . ] . : , X 3 - o

_— A
1) Have the ’students extend thelr srmulatron of the solar system 10 mclude three, four or even:
- nine planets :

2) Simulate the p’hases of ttb moon ih a dartened room. Have the "Sun" hold a"bare bulb
Lﬁp, and the "Moon" hold a'white ball.. The "Earth" will see the "Moon" ge through its phases’

- as the "Moon" walks around the: “Earth" (once per month) ThlS arrangement can. also be used

to demonstrate eclipses of'the sun and moon, A a .
- 3) Have the students make a scale model of the solar system We suggest the followmg pro--

- cedure developed by -Bob Risch and Jim Vrckery, Co-Directors of-the: Jeffco Planetarium, Lake-_
" wood, Colorado, for: their Schdol District’s Curriculum Guide. First, the students make models -

- who will play the Earth, Sun, and, Saturn, and discuss how -the planets should move. 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 29. Earth years), but this information is not vital for this activity. Allow the teams to -

Be in the Earth’s location will make -planets appear to move with respect to the

'4!‘

-
-

by selecting small objects to represent the planets.- These can be taped to cards with cellophane .
tape and labeled. Then, the students can‘ go ‘out to the playground with measuring sticks to -

lllustrate the distance scale of the solar system. .They ;nay be surprised at how much "space"

there is in space! The scale recommended by the .Ieﬁerson County Currrculum Guide s prmted on '

-page 185 with permlssron of the developers

' 4) Gerald Mallon of the Methacton School District Planetarium suggests a larger scale rnrtlally-‘
.to compare the earth and sun. "He constructs a clay marble tpr the earth, and asks students to .
guess the size of the sun. The $un is then introduced as a 3-foot-diameter weather balloon'. :

(Avarlable for about $S from Edmund Screntrﬁc Company, Barrmgton New Jersey 08007)

~ -
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I‘NVENTING -

COSMIC CREAT[JRES

A Classroom Act1v1ty to Supplement -
"'The Red Planet Mars" Planetarlum Program : L

.,!)_ -

William K. Holt Planetaraim, Lawrence Hall of Science S
University of Californla, Berkeley, CA %4720
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INVENTIN'G COSMIC CREATURES

A Classroom Actrvrty to Supplement

) s "The Red Planet Mars"&lanetarrum Program . Y
Voo . . L ". : ‘ 7,."-‘

ThIS sclenc'e actrwty IS designed Jor students in grades four through eight. lt can be presented by -

teachers with no special preparation in science. INVENTING COSMIC CREA TURES is keyed to
some of the concepts in the \planetarium program, "The Red Planet Mars," so it will probably be most
effective [f presented just before or just after visiting the planetarium. Each teacher may wlsh to adapt
the~1anguage and pacé of th acttvny to his or her partlcular class . :

\ Objectives ' ,
The prrmary objectlve is for the studgnts to learn how- exobrologrsts work wrth lrmrted

" information to imagine what life may be lrke on other planets After the lesson the smdents_'

“will be able'to: "~ - . : S ,. o e

1) Invent life forms whrch are adapted to therr envrronments I

2) Recbgmze that several observers may notice drfferent aspects of the same object or event
- 3). Recognize that hypotheses are ideas which can be tested by further observation. -

4) Recognize that scientists make hypotheses based on- partral lnformatron Sometrmes these

turn out to be rrght and sometimes they are found to be wrong R - o

i o iy Before the Lesson

" 1) Assemble the followmg materrals for each student: two large sheets of paper, magrc markers

’\M‘l) On the blackboard, write: IR

'or crayons. Assemble for. the class: three dlﬂ'erent Cosmrc Creatures posters and maskmg
tape.

2) Clear three large areas on the blackboard or Wall on whrch to drsplay the students work

. . Omicron hag————— —— . ‘.?'4. ; o

: . [a] Very Sand sorl ..s‘&_"".‘.-‘f:: ‘*-*«-“,\ \ _— R |
[bi Moist, fog atmosphere . "f\».\%‘_\-;-_-:; “ g
! Very dim light. - L L . ' CEE

4) Prepare three workrng areas within the room or in. adJomrng rooms. - The students in each .

,ar,e_a ‘must be able to draw while looking at only one of the three poster¥.

, AL .Exploring Omic'ro'n'r T .‘)f

.'\

Today s activities will help you find, out what it is lrke to. be an’ exobrblogrst That rs ‘a’

: screntrst who studies the possibrlrty of life in the universe beyond Earth..

Each team is to pretend it is explormg the planet Omicron; crrcling a drstant%tar Omr-
cron has: -a) very sandy soil, b) mojst foggy atmosphere, and c) very dim light. What do you

. think.each of these conc‘trons would mean for the creatures of Omicron?

A

. + B - ; - .
* Posters avall;gle from the Lawrence Hall of Scr C R i T
ence. See age H7 ‘ . : C o : 0 -
- pg‘ Y R P TN T
o - William K. Holt Planetaritm, Lawrence Hall of Science S
LT, University of California, Berkeley, CA'94%0,. . . .. . & 1.
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o .'--- N R _ SR Tl ta g - ‘
. o ‘Indicate the Iism%ns written on the. boaud Have the students drscuss the/r own -exper/- Ly
0 Tences'qf similar conditio®on Earth. - . - - . e : - : o PR
Each ‘team of exobtologlsgs»wﬂl neqelve a prcture that was taken durmg.the exploratlon g , S
~ Since most of the creature was hidden by the fogyour job is to draw what’ you think the whole, . .+ . 7
creature might look like. - ‘Be:sure it has specific features to allow it to survive under the condi- .: L
" tions' of ‘Omicron.. Under your dramng, please explam’what features your creature has to B .
L enable it to'survive, . — . . ", A
. \ : A/ter giving the asslgnment dlstrlbute paper and crayons or markers. The‘n post each of the L e ‘
" Cosmic Creature" posters-so éach fedr sees, only ONE of them. « - S e T s
' ’ ) ’ '. ’ - & ) at . e .l . ‘ I‘x h 7 ’_vs
o o . b ;.. o / o : S ‘_ L. '\\)
OMICRON- 2 ' ' " BN

. T . : . . . d . . R
N . o ] . o8

- v Allow ﬁve to ten ‘minutes for the students to ﬁnlsh ‘Have' the students post the/r ‘work on the
[, ..blackboard or wall-next to the work of their teammates. Students should still not have seen the other
R _‘ -« teams’ orlglnal posters,> When all of the mvented creatures are posted in three groups, begm the dis-
.‘ .cuss’o”. o o T" 9

e o .
S s o Look atvthe creatures.in the ﬁrst group How are they slmrlar" What do You  think these S
v e exobrologlsts saw? . How are these drawings different from each other? What, mrght explainthe ¢« . .
R dtﬂ'erences? -Would anyone in-the first team like to tell us how your creature is adapted to the = . - Eod
CIR '-;condrtrons of Omicron?, . . : ey

-

- | S Have the students d/scuss thelr answers to these quest/ons. Then, move on to the other groups L
S w cof drawmgs and ask: the same set'of questions. At the end of the discussion, display all three posters. S
Y 1 lr,rally,"hand out the second sheet of paper and glve the Iast ass/gnment o . = '

' ‘ DT RS . . L0 SRR S .o : S A

o R T ,&ELAL.“; B L Y L
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: sible adaptations; make one ﬁnal ‘drawing: which'shows your best guess as to what the creature -
" -looks like. . Under your drawmgs EXPLAIN THE FEATURES OF YOUR CREATURE THAT
o -HELP IT SURVIVE UNDER ALL. Tg’REE CONDITIONS CERS I

: condtttons of. Omicon. End with a dtscusston about ,How. the students deas (hypbtheses) could be X

l

'_ System" while others refer to "Inventing Cosmic’ Creatul‘es" or THE RED PLANET MARS - .

Ybu should revrse thrs testas—needed to ﬁt your parttcular classroom s1tuat|on, o, S

. ! - o e : » .o Yoo

; o cee e B T

o ..4. .. ‘-! T 4 " . ‘ “ ’ R ) -‘ . . . . e ;l'

. ..A - . AR lAllS?VCl'S-‘O the AstronomyQu‘iz S S | ' Lo ./,«

B B L T
N e PLANETS B R B S
P \.1 -‘ \ - . . . . s ' ‘. . . e ‘
x \ - .

T.

B H"’ Does Your Creature Survnve" L o o

Now that you haVe more mformatton about tl;e creature and have heard about ‘some pos-

Allow five to ﬁﬁeen ‘minutes for students 1o ﬁmsh In the meantlme, take down thetr ﬁrst >
drawings ‘to make room for the final drawings. ' As the students finish, they post thetr new wark on the e,
board (Drawmgs need- not-be groupetﬁn teams Jor this third round) : . : .

" 'Can you see more similarities this time? What are they" Who wo 1d llke to tell us how Fare
your creature is adapted to.life on Omicron? ' . _ 7 . S

Focus the second dtscussmn on the students ideas about haw thetr creatures survive under the . L

v ,‘
.

tested dn the next expedmon on Omtcron T £ o i . RV
. - . “‘ ‘ . E o , . |' Lo .. . R o 5
o Follow'-Up ._'_A‘ctivi_ties_;‘ S
1) "lnventmg Cosmic Creatures can serve as an mtroductron to. life, sctence actrvmes concerned | [

- with adaptatrons 1o the environment, “For example, the Outdoor Biology Tnstruf ional Strategtes .
(OBIS), "Invent An- Animal," would be good to do beforé ‘or after this lesson (available from *
~ OBIS, Lawrence Hall of Science, University of Callforma, Berkeley, Caltfornta 94720).

2) "Inventing Cosmic Creatures can ‘also serve as the starting point. of a language arts actmty Co s
The students could write stories about the creatures, “describing their teans of obtaining food, T
 théir houses and social behaviors, the extent of their mtelhgence and cnvrltzattOns, mteracttons

. -with other- plants and anrmals and soon. ., . ¢ .. v Oe S e

.3) In relation to a socral scrence acttvtty, this lesson could ad to a dlSCUSSlOn about how T " :. R
d;ﬂ'ereng hrstorﬁns report on the same set of events. oo P :
-4) Thie quiz which follows may be used as an. acttvnty, and ;hay also tell you somethmg about

‘how well your students understand ‘the congepts in’ this ptpgram either before: or after’ they _
have experienced the program: Please note that some qu@stto‘ns refer to " mulating the Solar ... - . . " o

Answers lvFalse, 2- True, 3 False, 4- Truer 5 (dbt on lower rlght of Ptcture 0), 6 D, 7- (look -
" for at least one feature desngned to help survnVal under each of the three condmons) 8 C 9 B,
10 C. . - \ L - .

;. 0
e .,, T
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you wnll always ﬁnd it

,._ “ 4. -

"Planet" is just another word ‘fe_r “star."

If you see a planet next to a- certain star,

_ Astronomy Quiz

"PLANETS.

v

e
./ )

"

Without a telescope, a planet looks much like a star.

next to the same star.

e

T a

If you see a dim star next to .alb'right star, .you g
. will always find it next to the same bright star

-

‘True

Toal

True

" .. True

True

, .
False

(I
_ False

False"
False -

-Don’t Know

. Don’t Know

‘Don’t Khow

~Don’t Know

i Here are three views of the night-sKy seen through the same window but on different nights
‘,; . ) ] - : ~
-y - e N B ) T : -
. . . -

{ Picture A

/ First Night .-

..j " 4..l
' '4.' )

. (#'..

*° PictureB ..
* One Week Later"

Y

o d

B t

5 : Circle the PLANET on Plcture C lf you thmk there lS more than one planet then circle
each one. = | : ,

D

“Two Weeks Later. :

. Picture C

i
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6 Astronomers 70 yearsago had a hard trme 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 See that far, _
B ‘D) The Ea;th’s atmosphere blurred the view, L
" E)'The Martran atmosphere blurred the view.

7 Pretend someone called you on the (wo-way radio and sald they dlscovered a new
‘animal -living happily on top_ of Mount Hfmbug. On top of this mountain: 1) it is very'(
the atmosphere is very thin (not much air)y and.3)-it’is icy and s.lipp’éry. '

[

B L

In this box, draw- a plcture of ‘an ammal that .- - S
" YQU INVENT which is specrﬁcally designed. to " .
survive in the condmons on top of Mount o '

Humbug - ' — -

.'. .- o - _ e : . . B Y . _'
Describe the features of this animal which help it survive undér ALL THREE CONDITIONS."




o e 8. _T_h{ee students dr_ew these piclufes-df imals 1hal mlghl hve in a volcano where 1) it is |
S " very hot; 2) there is very little air; apd 3)Z1IS all full of liquid. : . :

a4 " Which of the afimals below do you thin will survwe best u’a vol_caho?_(C_ircle the l_etter @)f T -

the best answer)




3 - ' , _ .

hree aStronomers who worked together used a radlo telescope to llsten to radio wdves from
new star. Wlthout talklng about what they héard the astronomers ‘wrdte the foﬂowrng

reports_:_ » . _ . : L . ¢

_»,.. . B ' o R

S o T -Astronomer #1 reports hearlng buzzrng sounds whrch he thrnks may
' ' be a warning sent by mtellrge@t belngs b .

- Astronomer #2 reports hearmg beepmg sounds whlch she thmks may
o _ be a meanlngful message |n code. i : .
S 1. Astronomer #3 reports hearlng statlc which is not sent by lntelllgent
| A B bemgs

s

. How can you explain the differences in their reports?'(Circle the best answer.)

o i ! . N " . . . * '. d
_ e .'_-A) Some of the astronomers had poor hearmg o .
e 'B) Usually drﬁ"erent people don t report exactly-the same thlng when they ﬁnd somethrng '
TN T new. ' S 3
L \ .0 Astronomer #3 drdn t beheve there could be lntelllgent llfe on other planets .

. .'D) Some of the astronomers Were tired and ‘not paying attentlon
, E) Astronomer #1 is older and knows more. \ :

e

-, every night. Suppose they could not improve thelr_mstrumen . What should ey_'_do to find

10 The. three astronomers mentloned’ aboye agree that the s1gl?al from'thrs st oan'. be'heard:
. out which .explanation is best? (Circle the best answer.) %

. R
S . o

“A) Ask the chlef astronomer 10 decrde : N IR

N B Look and see if they can find the answer in a book.
.- . C) Have more astronomers listen to the same star and then decide. -, :
R - D) Have the same three astronomers discuss it and take a vote.
"' - E) There is no way to learn which is best. - . '
’- ‘ R . " . 1
/ l ! 4.
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