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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 §

.
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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.




~ Yy

f

14
e

A

»

. "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




A - : R o+ ’ r Tt . 2
v " . & ) - .q‘ L ¢ ’ ‘< ’ s "‘ P . I - !
. /. . . "o . T “
. . U \ . « {f
. . . ; . .
Lo - IR " 1 b
, : RN R 9 Al
K3 ! /‘ R Sy
) ’

iy
»
-

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 /‘/ . . .‘
: . - 