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In our research wq have been~lnvestigatlng thoe effegts of a free cholce-;.

. A | .
program on chlldren's ablllty to interpret experlments. design simple ln—¢¢“

. .'vesthations and recoqnlze variables that might affect the 0utcome}pf
< . -
3 observed events, declded to bim our program towards 9 - l3 yepr olds

/
b both because lnhelder and Piaget's (l957) research indicated that thls'

Ve

group would be llkely to profit frpm instruction iq incorpretlng experi-

6 ’
ments and controlling variables’ an because little wor( bas been done wlth
Y ' . ’

. that age gréup. T - Ch
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Rather than attemptlng to diagnose the experLences appropriate for each

4

child we are aﬁrrently explorlng the. fpdsiblllty of providing what we call
¥ - 7

e
a free choice sltuation whgrq particlpant;=can choose’ whlch of a wide var-

’
iety of‘%ctiv1ties they wish to pursue and can determine to some extent

how they lnteract with the activity.

. .
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Relevant.to Piaget's emphesls in 'the importancefof,interaction with
objects and~organisms for'the development of lodical reaéoninc, we have as-
?7 ' shmed that student;,in a free cholce envi ronment will choose activnties

K ‘ S _,‘/. ~ ’ v
s - /yﬁl/p wi¥ help them lea?n Clearly, however, the characteristics of the

// /png:'m will ‘determine what and how much the students Jlearn..

"« 1f most 10 year olds'are given dolls and trucks or geiger counters and

centrifuges, they will p?&bably'not.choose experiences which will foster
0 ' . . %
“scientific reasoning: . The ‘materials fust, in some way, relate to the chil-

. ? v

dren's available knowledge and stimulate them to’ untover new relationships.

/
< »
7

.fﬂ In this pa{er we will discuss additional characteristics of a free choice .
_ ; R . L
. - program which we. haxe found influences how students profit from the experi-

ence andwhow the program functions. Thus, we will focus on activity fqrmat

A} ‘
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program leadership‘ and student record kecping We wkl) also discuss eval-
\,l

uation strategies wHich we*have found useful in understandlng better the

' . ")
- effects of the program on the individual. '

A

- [N
- .

ca
Activity Format

N }

—_ - T,

The questton we faced when choos.ng an ac!ivity format was: . what method

. I

of preSenting-j;t+Vities to students promotes Lndebendent‘investigation7

B S , : N . o
Apparatus only. An early study involved providing a wide range of ap-
v Y -

. &

paratus along with demonstrations of suggested ways to use the various maté-
riaisl(tinn, Chen, Thier, in press). VWhole classes of children in their °
. - f. v ) ' .

regular classrooms participated.

e o - § : .
Choice of apparatus. Activities in. an individualjzed program must re- '

flect the interests of the children- Therefore we asked a group of 11

\

year olds to list the science activuties they would most like to do~ From

these lists, which were quite general, Jike 'Mork with chemicals," “make
\

\ .
things fly " and “rhvestigate ol spllls,“ we developed apparatus for about

30 different activities includidg testing the atidity of various substances,

~

flying rubber band powered atrplanes, and savung goldfish: from of | spills.

: . N \~ - -<\

Presentation of activities. Students attended a project preview where °

T -

they circulated around the room and all the apparatus for the program was

demonstrated by project staff. .Following this preview, students selected
their apparatus and did experiments. They were asked thﬁhke reports on
thelr resqlts before changing to pr apparatus, D
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'Challenqe and follow' up format.. Me found'(Llnn Chen ‘and Thle} 1975)

\

that students were havlnq difficuloy dlvlslng experlments For unfamlllar

variables.. Thus we trled changlng our challenges into activities and pro-

vided challenges without durectlons to encourage students to follow up op
< .

-

T

. new ldeas (see Figure 2). ' . “

s N

[

. R ' . . L )
N

‘u"”'”“"ég” " During tho activnty phase specific rnstruct:ons ln how to carry out an .

.7

experiment are given After the Student is famlllar with the apparatus,

~

he carrles out one or QeVeraP challenges for which no directions are given;
> * \ h Y »
Tbls format appears to encourage independent exploration more ‘than the
/' oo Ve
" < : . - ) N oy
. #4 others we have tried. Consistent with other work (Linn, LeVine, -1976)',

~ ’ - s
7 appears that students are more likely to carry out pontrolled experiments

A ./for famnlnar varlables than for unfamiliar varlables.'

[N , . '
Y
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s . Program Leadership

. ‘ | | | _ | .
lqwglfree choice activity program, ‘a leader must at least be responslble

for organizational procedures such as, apparatus dlstrlbutlon technical
problems and sdperVISOry clean up. In thlS'case the leader codld"encourage

the development of sclentlflc redbqnlng skllls by stnmuthlng students to

L

.explore the role of particular varcables and to design controlled experl-

7 wents. We wil) dlscusL organlzatlonal procedures and lnstructional respon-
l . . {
slblllt{es of leaders separately .- " ‘ :

Y -y . . .
[y S v, ! - / » . e 1 ~

Organizational procedures \ln our flrst program trial the leader was
i 4
rQSpohslble for dlstrlbutlng apparatus from a central storage area as well

4 }7l a8 keeplng track of whlch student was dolnq what experiment Thls was

T .- . . \
. . . i R




posslble‘only because we had several Ieaders present for each session, In . .\\\
our second trial we placed equipment for each actlvity in a drfferent box

/

. aﬂd hat the leader distrlbute the boxes .We found that dllqwlng studengs N

- -

to continue_ with apparatus from one sesslon to the next cehsed severe’ ' oo

w

storage broblemS'in most classrqoms and meant that we needed great quan-
- - Ny ~ ’ » '
. tities of equipment if more than one class was doing the“preraq,

. & " : J

: . ; _ ‘ :
As a result of these trials, we develoied a format thre all, apparatus -

unique to wn activiti and the activityldir ctions are placed in ice cream

cartons ., The cartons are labeled’ and stored on open shelves. Abparatus_' .

commﬂn to several actnvuties is placed adjacent to the 'shelves in a master

+ box. Students select an activity, take thc |ce cream carton, get any ad-
; ' ’ \ v '

ditional materials from the mas ter box, cSrry out the‘activity, clean up

+ - L4

and return the apparatus to shelves and master box durlng one ‘'visit to the

. ' program (usually one hour). Under these cond}tions the leader Is free to

concentrate on other aspects of the program, We have experamented with

having students record which activity they were(doong but have found this is
3 R &

‘most effectively ‘done by the leader Thus, the leader circulates_around xhe
. »/

‘i - room noting what actuvity each stUdent is dolhg and answering questiqne.

e 'One leader can manage this program for about 20 stu&gpts at once.

. ' . o . ' ' i {

# Instruction in'EXperimentatlon \\ e . R
« =~ " " While experience with apparatus ls necessary for the development of
" v ! !
scientlific reasoning, instruction appropriaﬁe to the abllities of the stu-

s

e dents mlght also be useful, ‘We flrst tried providing aniintroQuction to / .
” yeri,’les and experimentation where students'alt used the same appgratus
A . . : ' ! hd
. . Y LA v
‘- . ) £t . ' ' . ). . ' ~a,
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in directed expariments similar to the Science Curriculum Improvement Study

(SsC1S) format. After the'introduct}on,'ghe students partlcipated in the

free choice program, This first trial éonvinced us that ‘the free choice

. program would be.more“approprlate as en'enrlchment.program outs ide the

regular classroom and led perhaps by a paraprofessional or parent volunteer,

We tr‘ed to provide an introduction compatible with the enrichment concept,

-

-~0ne~appr03ch-was-to~include ideaS‘about"igriables'and experimentation?'Nef’?"“" o

found this was an inappropriate way to influence children's Understanding
3 o~
oﬁ variables and expertmentation )

- . ’ . ‘- . . o~ \

¢

It seemed clear that |n5truction in experimentation ‘nd varlables would

require an act|ve leader. The prognam_at this point was, very successful -in

i

involving students in experihentation. We have explored both the role of

- .

the leader in the:free cheice environment and the role of a teacher supple-

4

mentfng the free choace program.. ‘ _ _ i ,

-

.

o _
- Role of leader in free choice program. Either parent volunteers or

Y

paraprofessionals are the usual leaders in enrichment programs such as this

-

one, The goal of mak ing a'program “teacher~free“ is sometimes heard from

proponents.of Computer Assisted lnstructvon PZ?gethD,oriented educators

‘often take the other stde' assérting that drastic changes in the teacher

ere‘needed.to creete a new program: Furth and Wacks (lﬂ7h)nspent threg.

weeks in the summer, one week in the fall, and four days a month throughout

the year training one teacher to teach children how to think While this
o . -

procedure is effective it is both time consuming and expensive

52
!
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“returh to thc F'clagseS'(a freauent and flattering problem). The leader was

. Y

Our first plan, then, was to devise a rather tfacher{free program--one
. ' L ' . , ) : . .
that would work no matter who the leader was' Since we also wanted the Fdlj\

poteptlal of the leader - to Le réalized, however, we had to create 8 means

- . . N * * LIS
» for this. Thus, we first devised grocedures for students to check activi-

1

ties in and out themselves as noted\ébové.d The leader performed only truly
\ . 3 . & L .

. . . 4 . .
¢ssentiél-functions like ordering new supplies,and reminding students to

now free to talk to ‘the studontg.' Stbsequently, we fried havinb»the leader
interviewAstGdents when ‘they finished their activ%gios. The interview was
designed;to.Find out what the chlld was thinking, not: to evaluéte We en-
couraged the !eader to ask any addltional*%oestlons that would help clarify

what the child had done and what it meant, Ve were encouraqnno Qe lacder,

A

from experiences as an |nterV|ewer, to ask thought- prOJoking questuons

rather than providnng informatton . L C ,J/j

/
“ . .
v s - »

Instruction in experimentation. Dur instructional program in experi-
= )

L}

mentation was designed to.be led by a'trained teacher meeting with a group

t \ ° oL
ofriaudentg six to eight times for fifteen minutes. Developed by Beni Chen,

program is eclectic, based on SCIS, practlcal .experience, and Smedslund'

A

th’s
idea of cognltlve conflict The concepts of variable and faur experiment

are introduced for a Famlliar situation like a basketball game in the H\rst
segston. Each additional session focuges'on an actlg}ty from the free‘choice

program. The students name the variables for this activity and criticize

oxperlments proposed by the leader. Each "unfair! experlment is compared
to the basketball game. Students are askeq'whether it would be "falr“ to
have a lower hoop for one tean and then whether it would be fair to reldase

. ) v
one sphere from a lower pos!tron if you wanted to find out which wéuld’roll

8§



furthest., Unfair experiments are set up which yleld logically unacceptable

résults students dlscuss why thls happens Students are asked’to set up

4

" ' exﬂ‘rlments whlch are discussed by the group.

'

*
¢

Results so far nndicate that this form of instructlon is quitb effec-

~ )

t!ve. Whe relative Importance of the free choice program and the instruc- .

tion is- currently being investigated. - lt appears “th&t free choice experi-

* -

T ence- with apparatus |s much more effective when combined with instruction

L

(see Linn, Chen and Thier, 1975; Chen and Wollman, in preparation)

PO &

Studént Record Keeping

A proolem which we found very difficult to resolve is that of student

record keeping. Our observation is that students profit from reflecting on

A -

what they fund out widh one set of equipment before ‘going on ta another

LIS Y.

topic. Hethods whtch help students accomplish this are generally perceived

negat!vely by the participants because they involve writing\and thlnknng

o

over what has been done* instead of doing something new.

. ,
N _
' . »*

. 1t seems reasonable to request reporting of one sort or another when

v

the student changes actuvutne! since this is a natural break in his inves-

tlgatlon In our first trial we reqqQired students to draw or write reports

" of what they found out using thelr equspmenb. Some students compla|ned or

-~

did not want to change equipment because they did not want to make reports

-
4

L

In our second study both !nterviews and reports were used (F!gure 3).

€ : Students were encouraged to fill out the report fotm before the tntervnew,

\ ' 2
Qo R " ' _ 9 Q‘%
.!)" B . .
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'

but these questléns were asked during the interview if they had not been

i

answered bef&rehand. Students en]oyed dlscussing the;r experiments with
the leader, ;Special[y i f something unexpected ha@‘happened. fh!; system
was, therefore, more jlappea'l!ng ‘to the students t.han ju;t wrlt‘lr?g reports,
.but did not always lead to reflectiog on what had been done and took a

lot of leader time. , - ' A '

N O e e R e e e e e e S

In the later trials we have required students to answer queéstions T

printed on the activity instructions (see Figure 2) but not required re-

X : ’
ports. Students are much happier with this arrangement and still reflect

[ ~

before starting on a new activity. For challenges we asked the students

to report orally to the leader and the whaole aroup if there was interest.
\ . : : "

Reports to the.g{sup have dften generated valuable discussions of experi-

mentation.

‘ ' C. N
Reporting does appear to be a learning experience. Written reports;

1 - .
however, appear to provide practice in writing rather ,than to encourage
experimentation. Oral reports or interviews seem most effective. Short

answer questions focusing on the variables in each experiment are useful

and Usually acceptable to students .

» - -

- 1

. : _ Evaluation

We have been %oncerned with whether our program is“accomplishing its
!/ '
stated goals (improved ability to recognize and control variables) and with

§ ’what‘other effects the program‘might have.
o - f

-




'_ddéétfgd;‘gﬁéwnéuffjﬁ-filﬁgiration of the question, a

~ | -9- ) | | ' | S

*

-

Measuring scientific reasoning. To measure'bbjlity tdo control variables

we first developed some 9rQyp measures. These were apparaths related ques-

tions presented on film, Students wrote thelr'ansWers to eathfiuestlbn.

The procedure was to bring in the apparatus for the ;ést such ramp . \

‘and rolilng sphere, ‘identify each element, damonStrate the appafatus, s how .

g‘short film segment which gave a more detailed demonstration, read the first

llow all students to

2

- answer the question, and read, watchgand answer the remaining questions.

Some typical questions are shown in Figure 4. Questions covered recognition
. ' \/‘ :

of variables, controlling variables, recognizing uncontrolled variables,

and interpreting experiments., ' ' . ’ ] )

o’
rd

We féund-that paper and pencil evaldgtion measures presented the same
problems we enéouétered whén wevrequiredxﬁtudents'to write Feports, Many A;
students‘diélike writing. The program does not teach or even depend on
writ]ng., In keeping wftﬁ our ph}losophy'of evaluating in the same mode we
use for instruction, we dec{ded to use Inierviews instead pf,grogp tests.. . )
. - | : //
We have used interviews based on Piagetian';agks like Bendfng Rods or
Spinning Wheels (}nﬁleder é,Piaget, 1958) and, interviews we h;:e d;vised
burselves (Linn & Levine, 1976). Al have included acgiVe experimentat ion
by the subject, thF sub ject's reasons for each éxﬁerimgng
gestions posed by the interyi?wqr.. These measﬁres, stnc; they _are s!mil;f

and counter sug-

in format,tO'ac;!vlt!es used in the program, have been very useful, ) ‘

¢

-y
\

Measuring how the programiworks. 'Progfam outcomes have been assessed

by summarizing student reports and leader interviews done during the free

A . g
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choice program (Linn, Cheny & Thler, 1975) . Another approach has beeh to
. report case studies (Linn, Chen § Thier, In prese) Ve have also looked

M student choices duration of activity use, and actlvity populari!!'b
. . ) .

-

: . . ! - -

a . : » _ ; [ o
' ® All of these approaches have helped to effectively characterize what

happens durinq the free choice _program. QQ(QPWQS_df,FhfSL¢YQluﬂt[0nm?PT..;ﬂ T

M ¥

proach have indicated that SubJeCtS in the program behave in a manner com-

patible with Piaqet“s stage of concrete bpe}ations. .

- L
~ . . . . - . . - . . -
R IR ) 98 - - N
N L e AR I S R

N . _l'.-‘. LA LT,

) : "‘_ - . - -‘. - . . - - v

- ‘ . - " -Conclustody..
. .= AL

) - ‘ - L N'"h'- . Sy
In the course of our research on the behavior of individuals in free'”ﬁ%ﬁ ‘
_ ST R ’
choice'program we have been guided py Piagetiah theory. Primarily we '

found that franslating theory.into practice involves much trial and error-'

i » . .

Many_questions cannot. be ansprEd by tﬁeory alone. On ;he other hand, we

have found the concept of concrete operations to be a succnnct way to re-

L]

late and explatn many diverse observations Ln our free chouce‘program.

" L]

4

We have found that program development provokes quest}ons_about the
.-
development of logical reasonunq and that lnvestigatFOn of these questlons

facilitates development® of teaching procedures.

-example",observdtions

in‘a free choice program have suggested that studen focus on the"reéult5'~

1 [

of their experiments rabﬁzr than the procedure That is, students are more
lnterested in making ‘the slider go far than in flndung out if one position

. . s better than another. Following ‘up this ob;ervafi n) in an interview:

study (Linn and Lewvine, 1976), we found that'l? year olds accept the results

-

s




| than a larger marble hhen they watched an uncontrolled eRperlment We are \\

.of how.the leader can Foster sclentlflc reasonnng, how to design activity

=X coL . .
. . ‘ . 0‘.4 g R, . . . S
i hed g ! ‘i\"‘", -
.t ’ .
_— LA S Cot : .
RN oL o ' . oot , -
of untontrongd experlments even’ when they aopear-unte"unreaSOnahle . For *
Ve \ . < . ol

l‘ﬁstanceQ sdbjects accepted thgt a\smuller merble could hlt a target farther -

+ B BN

now lnvestlgatlng the lmpllcatlons of thls flndlng for the teachlng pro-

¢

grh_n'. L ‘\ _--' - : A .
St h M

OV . C e e e N

Many uestlons are stnll unanswered e have a better understandlng
7 q

M v

’

dlrectnons to encourage individual. exploratlon how to structure student

~plrtlclpat|on .to encourage reflectlon and‘how to evaldate student progress

: N
We wlll be continulng to try ou} varlatJons of freecchonce programs to de- : X

P
termlne how best to provnde an enJoyable program which is llkely to |moroVe ' 4

¥ L

the students sclentlflc.reason[ng abllgty. r~ t ' L L
- _ . | ' | ) : . : ' * . ‘;‘

y)

-
' N
» . . R SO

Throughout our early work the development and trlal bf activltles has
4

provided the laboratory ‘in whoch to carry out our research on reasonnng.

. w
»

The evo#tement of actlvltles of high lnterest to participants has* provided

us with a reproduclble Set of’conditlons in which to study chlldren S reason-

h‘!"\'

lng. All variables cannot be controlled because the program is only one:

?

aspect of the child's school and 1ife experience

*- ) \ .

~

X
A

_ He now know'sdme’of the parametersfof-a-free eholce experlence; . By ' L .d\
careful on-site evaluatlon COmblned wi th results from a varlety of measures.

of lntellectual development and schentific. reasOnlng, we are startlng to

L J

understand the mosaic of the chl‘ behavior in the free cholce sltuation.

. 4
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. SNAILWALK

2 . /
) , Challen‘gea T‘ry to get a snail to w‘al!c--’across' a plastic cirqjo placed gn a 1
o~ table. Start the snail 3 feet.away from the circle. Seaq if the spail will
cross the circle 3 out of(S trials. Complete the experiyient in one hour.
- ; ~_.Materials o, T y _ _
87 2ghts - . ‘ T ST
% . 2 reflectors - : . o S
C ' T
hd > . \ v . .
Solutlon e S W & a

A

I, Set up a light source and reflector and turn it on. - Place 2 or 3 enails
in front of it.

‘ Which way do the snails move ? (Describe or draw a p‘ictur_el.)

What variables are affecting the snails in this experiment?

w

‘2. Hold a turned on light source behind a snail and keep moving it
towards the snaiI as the snail moves. . .

c 1974 by The Regents of the University

What hzrppéns ?

L IR

A

‘| What variables do you think the snail is res'ponding_ to in this experiment?.

Using the light source in this way, see if yeu can solve the problem of getting
the snail to walk acro%s the circle. .

| .Describe your solution.

4 . . ) v

Try to find #hother way to solve the problem. "
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INCLINED PLANE )
_ 'y - 1 |
\ . . ) N - . - ‘ a
‘CHALLENGE Get a block of wood to slide down an inclined plane that ',
o ' is 10 centimeters hiizh at one end. - |
l‘ ot ‘:T ] Co o M . o - !
‘ | . l 4 . ,. N . '
.Materlals | : T -
1 rubber coated sliding board _- salt S i N _ '
- 19 spacing blocks ‘ sand o o o ,.//
1 formica coated block flour

. ‘Solution

1. Set up the inclined plane with 5 s,pacing blocks (Each block is 2

centimeters ) N S e
o \

‘inclined plane °
2\

spacing blocks —

‘.
.

r
° N

2 Try shdmo the block down the bOd.l d, sp1 imxle ilour on the board.
-t :

3. One variable is the height of the inglined plane. Another is the .

. -surface that-the board slides on. Try using sand, salt, arid flour on the_

' pla_ne Try other variables that you think of

[4

NEW CHALLENGE Do an experiment td show whether a heavy or
light block slides down an incline more easily.

L4

- .
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BOILED EGGS
. L
T — ‘ - ' i :
ACTIVITY: Find three ways to tell'if an egg is raw or hard boiled .3
v without breaking the shell. : e Nl .
g . - s . X / . . > .‘p_,.,f" 2 “\‘
* o e e o
' N o Lo e e v
MATERIQLS - (MB)-in Master Box . '~ o . ’
"‘.»' . 1 o ™ - K . . -
2 eggs: 1 hard boiledi&_l raw £ teaspoon (MB) .
container (MB) . ‘f,_ heatylight source (MB)
salt (MB) . . A o g | e
. DIRECTIONS I - - ]
1. You have two eggs. One of the eggs is raw. The other is
' hard boiled. Mark one of the eggs with your pencil so you can tell ©
them apayk, . Now think of ways these eggs might differ. [ These'are
variables:"]' ‘For example they might differ in size or color. , R
2. Try these experiments. Add-any expe riments that yo'u'think of. : '
: o« Result for Result for
~ | ' Unmarked Egg Marked Egg
P'1. Tap the eggs. How | - . SR ‘ , :
C do théy sound? | . i o ' ‘
~ 2. Hold the eggs up to C Lo )
! .the light. Can you - | :
see through them ?: :
3. Spin the eggs, count ' . N L

the number of spins.

e —

4. Mike a salt water . R - .

solution, with 1 spoon o ‘
of -salt for each cup of |
water. Do the eggs o
sink or float? T
~5.” Your experiment: - D o '
(describe) N . Fo,
) ¥

N - " -

-1 ;




‘ ’ N ﬁ? !
. “\
o ‘
3. . Boiled eggs:pin more than unboiled eggs. .

-~ "Whlch of your eggs was bolled?'u Unmarked - ° Marked .

'If you'can't see through an egg, do you think you could spin it so it
. would go ardund five timegs? Yes . "~ No Explain.

-

BOILED EGGS : ~
CHALLENGE #1: Find a way to tell ‘an egg boiled for three minutes

from an egg boiled for six minut%g.

e

e

~ BOILED EGGS
CHALLENGE #2: Find another way to tell if an egg is raw or boﬂed

\githout cracking it. L

20




DON'T TIP THE RAFT

< ’
¥
ACTIVITY : See how mény washers you can place on the yellow and the
' blue raft without oausing them to tip over or sink,
~ . L . o«
', MATERIALS - (MB)- in Master Box - : LT .
.. v . . . 3 " R . ¢
Yellow raft CL — Bowl (MB)-
-Blue raft o T Water supply
..—.. Red raft . - : ~oee- - = - -Paper towels (MB) - .
Green mystexy rait (Fox Ch‘lllen”e) | : Container of #3 Washers (‘\IB)
. | x4
~ DIRECTIONS (
1. .Add water\to your bowl. : 2. Put your yellow raft in the
L - | water, Add washers until. it
' - . _ .tips or sinks.
o T 3/4 fud \

. . i p .
‘ ' ‘ '.\ : | e i__;:a_.;a__:‘, ;

~ ~u~ _——“__-‘-“J

How many does it hold?

. o ] . " washers.
3. Do the same with the 4. Look at the red raft. How
blue taft. _ ' - many washers do you predict
: : it will hold? - washers,
i pro— - 3 > s o
3 hl ' ) \ T~ all ﬁ— - -—.‘"" 1 ’ "
B . ‘, | i | -
. & oL . . ' _ v . S .
; How many does it hold? o
I S . ' . | Try it.. How many does it hold? -
2 — : Washers. . . washers.
3 . - o
| g . The thickneSs of the rafts changes in these activities. It'is a variable: -What
e does making the raft thicker do to the number of washers it can- hold?. =/~
i e L !
b



What things are the same about these rafts?

_\'\L

DON'T TIP THE RAFT
| CHALLENGE #}:

J

Do the experiment.

Predict how many washeré you thlnk the green

mystery raft will-hold. S*washers T R
How did you decide ?
It held washers.

Results:

DON'T TIP THE RAFT
CHALLENGE #2:

e—

Get the blue raft to float with 6 more washers» on it
than the green raft held.

How did you do it?

L3
J ;

e
Y

"

'CHALLENGE #3:

DON'T TIP THE RAFT

—

*

- Get the blue raft to sink or tip with 6 fewer washers
on it than the green raft helcl
/

How did you do it?

-
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B _ ' " FIGURE 3 §
. X ‘ ‘ . e |
\ Student Report and Interview Form: R
- \ ¥
Y -
- ) |
. ) |
~ . ~ N .. . 1
) f - ‘ . . ‘ / T -s
. N ' . . ” - o "
' ' ‘«
\ 'tff" 3' _ " Student Report Form , |
-’ | . | | , :
Name - Date ‘
) ~Title of Experirent: .
Description of Experiment: (What.ybu are'going to do.) j
. . ;
Variables: - / . : ;
What ybu chaﬁged. How you changed it, |
Results : . ‘ - s
{
interview
,'. What project did you choose?
. About how long (how many hours) did you spend on this project?
Y What did you like the least about this project? Why?
When did you need hélp from the leader? Why? .
What other challenges for these matérials did yoe try?
. . N v
. What did you find out about that wasn't asked for in the instructions?
ig? Now, tel]l me in your own words what ‘you did while you were working on this
& project, and how you felt about it. (The answer will be TAPED.  In taping,
e first give your name, the date, and the activity used before answering the
questions.) - - ' . ”
-“x:{.\.,"' "
|
. N N
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Examples of Questions on Ability to Control! Variables
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1. Suppose you want .to find out whether the red aphere or the tan sphere mlght B -
make the target move farther. To find out you could release-each sphere - '
and let it hit the target as shown below. , ) S L ~

. - . ‘ ! . %

/ | Light Target

At vhich@positioh would.you start the red sphere? (Circle your choice)
High - ’ Midale Lov - | - j‘& e
At whlch poaitlon would you start tne tan sphere? (Circle your choice) = - S

High Middle - Low .

*

‘Please explain how you those your answer.

\ *

» LY

2. Supvose Bill wants to rrove that the high position is better than the low

pesiticn to mate the target go far. He qoes these experimencs:

. Trial 1 ¢ | '

Hehﬁy Target .

- Trialq; .
» X
' : . . Heavy Target.

3

Barbara says he can't rind out by doing these experiments. Why do you think
she said that? . ;

A

How could you improve the experiments?

‘P
& I




