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@ © . TECHNICAL REPORT VIII. -
" MINIPROJECTS . T
o (A Mathemat1ca1 Probe) )

T Goa]s and Purposes of the M1ngproaects '

"An average s1ze tree w111 produce about 25 k1lograms of paper. ° B

Est1mate hoﬁfmany trees must be cut down to produce all the paper used - - )
by your schoo] in one year." . e ' o . LT

This 1s an examp]e of.a m1n1proaect wh1ch is des1gned to give. e]e- B
mentary schoo] ch11dren exper1ence in. work1ng in rea] wor]d s1tuat1ons ~

s
wh1ch can be understood better w1th the use of mathemat1ca1 methods and

reason1ng These sltuat1ons or prob]ems may a;ise from the students

»

. ] . ’
~own experiences or surroundings or may come’ from some cu;;ent news item e
- . » . o/
or -some recent: sc1ent1f1c or soc1a1 deve]opment L Y - o/ \
- /
- .
To put the m1n1progects and app11ed prob]ems 1nto perspect1ve, 1t * ;/»

may be appropr1ate to discuss the’ d1fferent types of prob]ems to whrch //a

Ch11dren may be .exposed. (1) Textbook exerc1ses, e.g. ~329. These exer- /
hE 5? . v N "+ 35 /

cises appear in textbooks in order to deve]op sk111 w1th aTgQr1thms //

, ) /

(2) Textbook word problems; e. g Sa]]y has, 7 app]es and is given 3 more

How many app]es dogs she then have? These prob]ems are used to. motavate
LT:he ba%1c operat1ons by . ty1ng them to fam111ar s1tuat1ons They a]so
¢end to, deve10p sk111 w1th the bas1c facts or algorithms. (3)/féuzzle
probTem H €. g. If 5 peop]e are go1ng to shake each other's hands, how
many. handshakes will resu1t7 “These problems are selegted to/emphas1ze
V;certa1n ‘problem- so]VTng processes or strateg1es They haye been used .
| extensively 1n the MPSP modu]es, prob]em decks, and GA§P prob]em boards.
< | B\Qpp11ed prob]ems e. g When w111 the same caTendar as. that of 1977,

ag

ain be correct’ That ﬁs,‘when w111 the days of the month néxt match ,

f 1

_those of 1977? These probTems relate d1rectTy to/real-world s1tuat1ons



. .- - . . o . . - .

.

'and are often open ended 1ead1ng to’ further 1nvest1gat1onSt

\ (5) M1n1prOJects;-ecg The paper co servat1on proJect g1ven above. ‘
. IIt is the aim oT the m1n1pr03ects to give children an opportun1ty to '~'
go through a11 of the steps 1nvo]ved in mathematical modellingy or in )
’ R other words, in the seientific proceé% T&_ ituations in wh1c§§mathe- .;;} .
. matics natura11y arises. ' This means that tt students will see a sftu- * B

J _ '.; ation and formu]ate a prob]em They dec1de upon the method§ t% u?5 o
ons’,

: s
* to so]ve ity collect the necessary data do the requ1red ca]cuTat

,wand‘T1na11y 1nterpret the1r resu]ts The prob]em one encounters _

, \rfiﬁ’throughout 11fe often requ1re these steps fo the1r so]d!1on, but the~
usua] textbook prob]ems do not deveTUp the tudents ab111ty£to hand]eA ,

such prob]em s1tuat1ons The usua] textbook prob]ems and exercises -
1 &

genera]]y requ1re the student merely. to app]y Just the method under -‘9‘.
R z ‘ N

‘d1scuss1on and does not tra1n the student to go through ‘the scientific

.,procéifes descr1bed above uWhen the student Tate(\encounter\‘aﬁproblem
¥ :\ . (}3 3

. _ situation, hefshekoften fee}s that the schoo] tra1n1ng 1ﬁ\m&¢hemat1c§
I waspnot adequate ~ In shorty he/she has not Tearned how to rea]]y apply

mathematics in the kin S Of.s1tuat1ons s1m11arprocesswjfe to those '\\;.
: : $ - A7
- oné\1s likely .to encou ter Tater in Tife. .

. - The paper conseryat1on prob]em presented above was given to a team //{1

.\ of sfxsf1fth grade ch11dren at Ar11ngton ETementary School in B]oom1ngton,
Ve

1?*-—*& : _.,Ind1ana They worked toge;hen to Solve the~prob1em for seven half-hotr
o
oo ot sess1ons ‘In genera] the m1n1proJects are des1gned to take from two

o to s1x hours, extend1ng o%er severa] Hays or weeks : The ch11dren spent :
the first few‘EeSSIOns understand1ng the prob]em and s1mp11fy1ng it.

N \

' 1nto maﬁ%qeable tasks such as first f1ﬁd1ng out h0w much paper is used

, ?, 'ln a day or a week.. They then\?enerated a 11st of kinds of paper used (ﬁ

in the schoo] and the ways in wh1ch they are used. Each chﬂd sele ted.

‘(\"”A; ; - a ' V"" b\ﬁ‘b ’ % ‘, n

- :.' . . R 2 A G L
* " . - -X “ “~'~,_ . —7
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e T, p]ace to go for data (c1assro<m off1ce k1tchen custod1an, etc ) ,f,f ’

‘ .. zand spent one sess1on gett?ng the. des1red 1nformat1on After co]]ect1ng
- ?y'; . the data the ch1]dren returned to calculate the tota1 amount of paper ";
| used in the schoo], mak1ng use of" e]ectron1c hand ca]cu]ators _The' , " 4‘; -
group then d1scussed the 1mp11cat1ons of the1r resu]ts w}th the teacher

-~
\\ In the remﬁ1nder of th1s sect1on, var1ous conJectures w111 be. pre-

L sented wh1ch are based part1a11y upon observat1on of cﬁaldren work1ng

ians who

on the project and part1a]1y upon the qp1n1ons o# mathemat'
f . have §bserved how prob]em so]v1ng processes are used in ea]- .
s1tuatlons As ment1oned above,’ one 1mportant purposg of these m1n13:2
'prOJects is to g1ve éh11dren exper1ence 1n formuTat1 g.the mat " :

3 \ - prob]ems thﬁy must so]ve from the s:tuatJons they re’ presénted Th1s ',Jwe
. / . BN

7. ‘ﬁs qu1te a d1ffenent exper1ence from so]v1n6 math mat1ca1 prob]ems'

_——/

T given to them d1rect1y. ;They shou]d gain exper1ence (ways of th1nk1ng)
e AN \
T o that cbu]d 1ater he1p them see how to 1ntro ce mathematics 1nto other

N E; o s1tuat1ons which they try to analyze
| 4 The m1n1proJects, such as the one. descr1bed:aboee, 1nvo]ve the use

- 5 of mathemat1ca1 cohcepts and sk111s that .the ch11dren have a?ready

o C : stud1ed The m1n1proaects are not meant to. teaﬁﬁ/newrmathemat1ca1 con-

| gtent but to re1nforce prev1ous]y 1earned sk111s by having to app1y them"'

= * in d1fferent and pract1ca1 s tuat1ons From our observat1ons of chil-

- dnen work1ng on a project,, we have seen that they sometTmes have data - Ny

L4

‘N but can. not deq1de which- of the four basic operatlons (add1t1on mu]t1- ‘;4
S p11cation \subtractlon, or. d1v1s1qn) must be used to get what they arg
' 7. ' E
]ooklng for. The usua] c1assroom 1nstruc¢1on 1n the bas1ofsk1lls evelops

‘Qﬂ" the1r techn1que through drill but 1t goes not .give them a working know]- K

L edge of when a g%%eneﬂperat1bn must be used in a pract]ca] s1tuat1on _43,

Y

-

\; ' . iﬁ}s pract1ca1 context is’ prov1ded in the m1n1proJects ig which the

T4




{ - : ,
ro. ' child has certa1n -data’ and must de ide which matlhematical operation'

o /‘must be used to get the 1nformat1on he/she wants rom the data, It'can o

B 'app1y1ng the1r mathem i¢cs in the s1tuat1ons they encounter 1ater in

. lifew ,V,
In the paper"cbnserva on m1n1proJect as in many of the others,
the. data isn t given to the ch11dren but must be gathered byﬂthem r .,' a
B \. " N

This means that. they ha to p]an what data they nee/,,whatgor who are

nd what quest1ons they shou]d ask to get the

LEEN

the ghu(ces of the data,
idata. Our observat1ons of ch11dren 1nd1cate that they often had ﬂot .
7 ‘ :had enough exper1ence organ¢21ng the 1nformat1on they generated or
‘:5§gllf3ﬁ co11ected to enab]e them to\work eff1c1ent1y (Modu]es ‘have béen pre- \\ f.
\ ' 'ioggsi in the MPSP to deve]op sk1lls in organ1z1ng 11sts and making -
ab]es, gb thls def1c1ency will be part1a1]y.over e for thefﬁh11dren'l )
« who use those modu]eg.before'doing the| mtnfprojects.) Do1n ‘these =« ¥
. - 9——~\ ,

m1n1pr03ects g1ves the children pract1caW expériences in which th

an1zat1on of 1nformat1on is necessary and th*izimportant-problem- ’

so1v1ng skill is both mot1vated and .reinforced through these mini+

\ )

prOJects ‘, Yo . . “ ‘. f ' -
o : U T
N Another topic that work1ng applied prob]ems naturb]]y 1eads to is <
«<p . ‘ -
L worklng wrth measurementé\ and these measurements have certa1n units
. N\ ~
assoc1ated w1th*them (These may be metr1c or Br1ti§h un1ts, wh1chever -

the teacher prefers ) The uhits. are an’ essent]a] part of the prob]ems,,

- 4 ancP}he students shou1dr be encouraged to keep. these un1ts in mmd as B
[ . they do their ca]cu]at1ons In ‘some cases, it 1s necessary for the '(

4 student to convert from one un1t to another fbr examp]e, from’1ncbes

a : : o o . T

.« . : : ~
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a to feetborffrom dozens~to indiyiduals Ch11dren seem to'have d1ff1cu1ty

v -

: Tthh,such conversTons, so that -an: awareness of ‘the: n ecess1ty of such ,,/

'

; X
‘A,convers1ons and sgme pract1ce in donng some (perhaps with ‘some gu1dance‘

‘ at f1rst) are fur her benef1ts that chi ren may der1ve ffo

. at a g1vén't1mé, 1t is 1mportant that they understand the -goals of the

(cg‘ .. s
\3‘ A K a»' - : C :

Even though the ch11dren may;be work' g on one part of the proJect

n'

prOJects

\,49

"'They shou]d be aware that they must take stock of where they are, to

who]e ,prOJect and how the part they are do1ng ts 1nto the -whole.
B

see 1f the1r ca]cu]at}ons makeﬁsense and aré 1ead1ng to sgmeth1ng use-

ful.“ At the endT they shou]d be able toitell whether the results they

' prodeed w1th the prob]% . In some 1nstances, 1t may be necessary to

¢
- have. found actua]]y so]ye the prob]em they set out’ &o so]ve Th1s'm9ans

1nterpret1ng the1rn‘esu1ts, for 1n many sucl\ prOJects th%re is no s‘ingle :

t

correct %nswer wh1ch 1s known by the teacher 1n~advance For examp]e,\'

the outcome of/tme paper conservat10Q prob]em depend§ ugon the schoo] . .

[

and many ether factors. The 1mportant thing for the téacher and the .

N
Tudents to rea11ze is that they arex]ook1ng for a reasonab]e est1mate

-

™~
- The m1n1pr03ects are 1n dinera] ﬂes1gngd to”be done in or around
\\\s = gt
h

chool so that they do not requ1re e]aborate ?1e1d tr1ps or. d1s-

«

rupt1ons .- The data fhat cannot be co]]ected eas11y at schoo] w111 be'

v

- &
get some 1nformat1on about the local commun1ty wh1ch can be obta1ned

-

at home and brought to. schoo] the next day In some cases, the ch11dren

can use the1r own est}mates for some of . tge data that~1s needed Mak1ng

such prOJects Where they ar1se natura]]y In some of the prOJects, the’

) ca]cu]pt1ons 1nvo1ve large numbers Here Ts\a good place for the e]ec-;'

4

-

'
tron1c hand ca]cu]ators to pIay a natura] role; for it is 1n s1tuat1ons_

a 13

-~ . . ) . , : 1 e
> S LA, ~ Ce W
_ N - .
. . B oo o .. B

@
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' '11ke these that the students w111 use ca]culators latér 1n Imfe The

£

‘vproaect much faster w1thout gett1ng bogged down in ted1ous caicuL\t1ons
' Est1mat1ng and round1ng off are usefu} skills that can often be use
when calcu]at1ng w1th 1arge numbers. These are sk111s which are de- ‘
velomed 1n'the module, “Us1ng %fesseéjzo So]ve Problems" and these m1n1-7
: prOJects offer pos1t1ve rgjnforcement to the prev1ous 1nstruct1on The
' students see when these skills dre. useful in a prob]em that ar1ses.‘ f'f_ :
'.rnaturally in the1r work ) Natch1ng the children use the1r mathemat1ca1
sk1115 ?!’théte proaects affords an, opportun1ty for the teacher to see
whether some of the. ch11dren are hav1ng d1ff1cu1ty us1ng some of the o

".3 things they had prev1ously been~%aught , The teacher can a]so see'whether

 the ch11dren can transfer the1r knoudedge of the ba51d sk1]1s to;e prac-
o .
- },'<tha1 s1tuat1on and he]p them in thr;\1mportant aspectéff understandlng S

",~mathemat1css1f they are hav1ng d1fftgu1ty | | L
o " . we have ;bund that students in general (1) do like cha]]eng1ng probil
°1h;r,1ems, and (2). do exper1ence e]at1on at ach1ev1ng the1r goa]s Ne be- '

::11eve that the teacher should d1rect the act1v1t1es of the students in”

W

"'ﬂfsuch a way JZ to g1ve a feel1ng of ownershnp of é&e proaect to: the ‘f'

O

o ,students It 1s real]y the1r proaect and not - the teacher S. It is-
K2 :'t?-‘ 1mport t that the teacher not g1ve .answers but on]y help w1th appro- "f N
- ;7f:-'s5.f'pr1ate h1nts. 0nce aga1n, these h1nts must be carefully thought}but - .
.. -'fso as not to spo%] thé probl em, As one person put.Jt. '"H1nt" is a

- four 1etter word. T a 7.. . ;' ' ..,;.5 LY

h'(, ': As po1nted out ear11er, the m1n1proaects are . des1ghed to- take from '

:.‘

matics textﬂGok prob]em As such the m1n1pro?ects ive the students an

’s e - . . ~ . R . N . . ) -,
. . . B . .
o . . . . . . - - . ’ 2
. .
.

~ica1cu1ators also. enable. the students tdb get. on to the. solut1on of/the1r e



Coe opportun1ty to stick w1th a prob]em for an extended t1m§ unt11 some-feng/ .

u.

2

#‘-iiggpﬁ,;%; oﬁﬂclosure is. reached On a_small scale, it serves some of - the same ';*H«‘,rf

>

ai}et,@5}'21f purposes as the more eftens1ve projects des1gned by USMES. Those'proJ- .
VRO e hd .

e ects also present the students with rea11st1c s1tuat1ons in wh1ch mathe- f.,_[ ‘

-mat1cs~enters natura]]y | ¢hose prOJects are meant to 1ast much longer,

’45 o even -up. to a who]e semester, These m1n1proaects are much shorter so

X . ‘\t.: that they can bé 1*serted 1nto the lar curriculum whenever the
= ‘j‘ Y 4
T teacher w1shes Mathemat1cs enters 1nto the m1n1pr03ects in ma

~ students' and erhaps even\the teacher's perceptlon of mathemat1cs and

-fﬂ'“ 'ff P2 its usefulness and may 1*@£:§:§§heaatt1tudes of some of the students s

) e towards 1earn1ﬁg mathematlcs T e S AP Yy

us1ng,mathemaizca$ reason1ng The m1n1pr03ects sh u]d br aden the

-

Fﬂ!"": <. The c]assroom management quest1on can be dealt’ w1th in different o f/\\\<
f; - ';; ‘hays for 1fferent prOJect% and for d1fférent teachers, accord1ng to . .

the teacher s preferencetab:n some cases, an,ﬂhd1v1dua1 may want to ~.5"

wdfk an a project alone,

A"

four or s1x students//ay cooperate in work1ng on the same m1n1pr03ect9 —

reas- 1n some dases4>sma11 groups of two,

':, A 1arger group york1ng on a prOJect may,want to d1v1de up into task

forces ass1gned to d1fferent aspects ‘of the promlem or to co]]ect1ng~
R ¢

- d1fferent data In some,cases, the teacher may want the who]e class 'J

¢

-'_ to work on the same prOJect Many of*the m1n1pr03ects are open -ended,

ﬂeav1ng severa] opt1ons open to the students to ‘follow up after they
-.,'l”' 5,-reach the1r or1g1na1 goa] or even a/,branches a]ong the way T is N
\/..‘ . . . .
el k1nd of furtheﬁ}exp]orat1on is-to be encouraged 1n SO . far as poss1b1e,

‘ ]
" cons1der1ng other t1me constraants Some students may want to exp]ore o :

-\ further 1nto one* of these prob]ems on their own t1me after the class N ©

S / g
Y4 .;‘ O : ) -

A _,\.1‘2.

e
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oy Lo , . T
d » ~ .
& has f1n1shed 1t These\min1proaects can, be a/MEry r1cﬂ and rew&gd1ng ‘;\5-n‘
>

Nl .. . ) B

N, expertence for the students e ' S

BT In summary, these m1nTpr03ects are meaﬁ{ to, meet the folﬂow1ng needs a

L EE . 'T R offer the students an‘gpportun1ty to use the1r mathematycal ,;)
<! ' uat1ons which 3@9 s1m11ar to reaﬁzworld prbb]ems * They ,_’ s o

. (.5

e T : , ' .o . :
. " 7" show vt ematics 1s usefuh v : N
s - ¢

- ‘ . »

O 2% They are des1gned to 91YF the students 1ntroductory experfences .
N 4

g ;; T dn elemgptary«mathemat1ca1 modeTT1ng, ice. , us1ng the sc1ent1f1c m?fhod N

o

to handLe ‘real woer probTems ’

- 3. Many of the proJects g1vevthe students e;per1ences 1n“collect1n§j\\\\\J /-
hand11ng, and 1nterpretvng data, they prov1de enoer1ences 1n organizing '
1nforma fon. 3 N -\ 3 fﬁ ' o . " AN

~v% ' . 4. The proJects give the students pract1ce~us1ng meas\rements ore
numbers with units in a natura] sett1ng Their' caTcuTat1ons often 1n-v
volve est1mat1ng and round1ng off The ch1Tdren musf dec1de wh1ch opera- |

~

tions MUst be used to ach1eve a desired goa]
5. The m1n1pr03ects prov1de an opportun1ty for the students to
engage in an activity wh1ch is similar in character to app11cat1ons of

ma;hemat1cs that one encounters in Tater life. It teaches them how to-
h

dle such s1tuat1ons 1ndepé&dently and should\enahle them to use the1r ;
. mathemat1cs more éffect1ve1y as adults. X L
6. Many of the proJects g1ve the ch11dren pract1ce in taking a = | .
o - large probTem, break1ng it down 1nto smaTTer probTems, and sett1ng sub- '
goaTs with the a1m of progress1ng towards the ﬁ{::ngoaT

II._ Severa] of the M1n1prOJects

A\. Paper ConAeﬂvat&on Pnoycot
Trees are a very valuable natura] resource 1n our. country They

“help prevent flooding and soil erosion. Each year -many fore¥ts are cut
: s . - \ . R

3




~t

.down to provide paper and wood products for»thJ peop]e‘}p the Un1ted

3 coUnfries, and there’ is a danqgr of depleting one- of our most béaut1fu1 v

';your schoo] inayear., * S e,

.

M Ay . ~

4 . . . L .
: s -,

‘LStates Amer1cans use manymnane\paper produdts than 'do people in other

A
and 1mportant.resour\\s\ Have you ever wondered. how much paper yoyr
", b ’ ’
“anT used«bn a. year and  many trees are cut down to prodgce this,
o - o ' S '
-l stimate how -.neS t{i produce the pape+ iizeA §n
’ u " _‘j L } - ) < »
. T .
. DATA: One tree will produce abou; 25 k1lograms (50 pounds) \\\\
o of paper ‘ :

te ‘
): L e -

SUGGESTIONS (If Nee

List,the)different. ypes of paper used by your c]ass'and ‘ - .
the amounts used per day, per week, and per year . N

?, Where e]se 1s paper used in your school? Again last the

N Y

s 'types and_ amounts Qf each type, used .:, ‘ o o ' .

v

SDME-EXAMPLES. Art paper wrapping paper, paper cups, paper
o . towels, cardboard cartons, etc.

3

3. _Estimate'how,much each kind of- paper we1ghs. Then estimate

~ the total weight of the paper used.

& -

41 How many trees will it take .to supply the paper used in your
- . - N . ‘\, . . , . 3 . :
, ¥ 7. school? ! e
. . ‘ (’.x;
ADDITIONAL QUESTIONS _
1. How many acres o$2fore$t are needed to ‘roduce the year S .

supp]y of p;ber for your school? How many. footba]] f1e1ds

[ 4

wou]d this cover?

- . -
=

4

‘ 2, Suppose yourf;;ﬁbl wants to buy some land for p]ant1ng trees:
W]“‘ | so that the schaol can;a]ways get all its paper from its own‘
trees. How many acres<sh0u]d they buy to be sure of -having

enough‘treeS‘each year? -To save money, they do not wart: to

buy more 1and than is necessary.

k!
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| ’;'f \'wa ppixcaﬂ F&gzn Teﬂephone Ltneb ;oo 7//~. ,
' ‘”f:l . i{ T A necent deve]opment is the use of 1asar beams sent‘through op£1ca1 -
N \¢; ;R:-f1bers to carry te]ephone messages'< Th1s is much mor& e?f1c1ent than |
N .../ AN e’ 4 J/ Tt ,
S the usua] copp!? wwre cab]es that have been used for years.."-The opt1osl
. . 4f1ber Cables are Be1ng tfied 1n Ch1cego~iof use w1ﬁh?=Lthe c1ty \/The o
‘(;\\‘x o nes + sedb wilk be to connect several of the maJor cities with opt1ca1L f"v‘f.:
ff\ "> fiper cables M Suppose that LIl\. Le.ephone ;;ompan_y has selected the follow-"
" ing e1ght c1t1es,to he connected by opt1ca]‘f1be{ cab]es Ch1cago Detro1t, o
Houston, Los ﬁnqeles M1ami New York Ph1]ade1ph1a, and Seatt]e _Because
the cable is expens1ve to 1nsta1] they would 11ke to Jo1n the cities
with as short a path as poss1b]e, SoO- that a. ca]] can be p]aced Yrom any
~~ one c1ty to any other, poss1b]y hav1ng to pass through some of the other
cities first, Find the shortest path joining the‘e1ght cities.. .=~ .
. ¢ Coaa | o o T
. [&' :Chfcago | i ; )
. Dallas 7| L ' | |-
o petroit X | aee | mas | | L[ .
~ Ho{ustOn | 1067 | 263 : ‘1255, | R
o Lols Angeles | 2054 1387 2311 71538
S M’mm 111329 | 1300 . 1352 f 1190 2687 |
S New York - 802 | 1552 | J_.:537'- 1608 | 2786 | | - '
_Ph1]ade]ph1a 738 1452 ; 5?3 1506 | 2706 } 1208' 100
§  ~ Seatt]e  |em3 | 2078 | 2279 | 2274 | 131 | 3273 | 281 <,§75]' .
R Ha1shington 671 | 1319 506 1975 | 2631 [ 1075 | 233 | 133 | 2680 |
. | I | ;’fjfhs
‘ 15 : i
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A - . f
W - / . s e \ ‘
f‘ - . . . . ‘ . . s‘ . . . R . | vt \
el SUGGESTIONS (I»f Needed)' PR |
) - . Try,do1n§{ a s1m11ar prob]em wjth three or four of the c1t1es, | ,
TS N . . . I .
T e L T perhaps takmg them closejegether , P"’ ' ‘- ®
A Y L4 - Y i ey . . “ «
CYV L e 2 It may be fun to divide. the class into se)éera"‘] teams and have .,

4, . . / ’ :
‘ K o v the teams compete to see wh1ch team can f1nd' the. shortest path .

. . | ) . \.lr
et Jo1n1ng the e1gm : ~ S \

R ’ '
3\ See nf someone can dev1se a proceﬁure that 1eads tb the shortest ¢ \ '

‘ | path other than ttry1ng 1ots of ‘poss1b111t1es to see ijch TS & '\3‘
| ".“ 3 Vthe ShOY‘téSt (’\ o B , o ) ‘\“ o ; o
. ADQITIONAL PROBLEM o '\’_f i o
| | | '] " What is the shortest path Jo1n1ng New York Phﬂade]ph1a M1am1,
and Detro1t" Can/you make the path shorter by f'1nd1nM J )
- ) » o _..c1ty through wh1ch you can Jo1n some of these c1t1es7 Try to
| -do the sameé th‘1ng %m th Chicago \Houston Los- Ange]es, and J ‘{, .
‘ J.\'_Seatt]e o o : - l[._' o ‘ '
. 2. In the abOVe prob]em tr bl_ashi{;ngton',' D.C. i'n-lthe east and
B .Daﬂas in the west. S / o oS
'. CT 3 Now using the/ ten cities (add1ng Wash1ngton D.C. and Da]]as
| b to'the'ori'g;'n ' eight) find the shortest path Jo1n1ng all ten
' -Vcities How does this compare to the or1g1na] shortest path
| '_ through the eight c1t1es"‘ 1,// S \ . N
C. Pﬂan a Schoo!; Building v,."; . | . N
g Su;xose that your communﬁy w1shes to' bu;]d a new elementary school - l '
_ for 300 children. They Wish to put 1n all the ?boms to make ‘it a p]easant
- ‘modern schoo] W'Ith everythmg you: th1nk a schoo] shou1d have "~ They also -t
h * -have to keepl the cost as 1ow, as poss1b]e ) that taxes wﬂ] not have 7,
. to be raised. Make a plan draw1Ing of the schoo] bu1]d1ng show1ng aH
. ‘. of the rooms a/cLhanays and show the measuremen&of edch part of the :
. v buﬂdmg Est1mate how much 1t wou]d cost to buﬂd the si:hoo]




i DATA Bu11d1ng costs are now. a bout $60 00 per square oot.
] 3 ‘,. \hGGESTTONS (I¥ Needed) ‘*Qﬁ_fi u.; o | B
. ) 1._ In th1s project, the c]asg can be d1v1deH 1nto teams of foun T '7 ,
T ~ or six studenég each and have eaCh team work/on*1ts .own plan.
A P ,y cThen compare the costs and plans to sor whn -ama un wit! the
4.‘ . oest des1gn tak1ng 1nto account the racitities iya1]ab1e and P \7/
| . the cost. Th1s could lead to 1¢te;est1og ﬁ1scuss1ons between . 'J
~';;j.}$.i' .'“'?;‘ the teams, show1ng that such mqfters are often sub3e€t1ve and

that thereg may not be a single’ correct ‘answer to every: prob1em

2. These—dre th1ngs ‘the teams can consider in mak1ng their designs:
. ' " /

(a) 'How'many grades are in the-schooT? s

3

(b) How many ch11dren are in each grade? , o

- L 7(C) How many children shou]d there be in each c]assroom?/fﬁk/{/i)

(d) How b1g should the c1assroomi be? .

S>7_ . (e) ShOuld there be a cafeter1a an ditorium, a gymnasium? -
o Can 'any of thesé rooms be combfnZ:? ; t‘ o .
N T (f)- What: other rooms are necessary’ An otfice a‘nurse‘s
- ,v__ ‘ _‘room, a teacher S lounge a k1tchen, a furnace room, ’
o restrooms, 11brary, etc Any other§7
- (q) How wide shou]d the ha]]s be? - |
1/ ABQIjIONAL PROBLEMS: ',, T
S ) 1.' P]an the p]aygrdund and park1ng Tot around the schoo]
.ﬁ57&NJj | 2,* If floor tj]es;are one foot‘square (12_1nches on.eachvside)~ .: , I,[\\
and a box contains 45 tiles, how many -boxes of tile will be
. 'needédlto cover the floors of the school? Each box of tiles ‘
A ~ ' : ‘ -

costs about $40.00. Estimate the cost of the flooring.




" v oL __— ' ' o . - 13L
’ ../ . . . ‘ .v B i E . - - ' . . ‘ .

» 4 .

. R i N
X 0.7 3. Agallon of latex pa1nt covers about 450 square feet Esti- . |
L C
P mate how many ga]]on cans of pa1nt are needed to- pa1nt the
3 '?"”i'1ns1d9 walls,and the ce111ng of the school. If - ~\lon 7

_:pa1nt costs $10 0o, nc*‘»:' St ratnting che interyor

- [

vl Lhe school. v . l s . \

I . . » A . .
' D. uaten Taik Phoblem . . o
'd_uV;Lﬁ A new water tank is going to be bu11t in the. shape of a c e to

. "e-serve your’ cownmn1ty (the area 1n wh1ch therthdren come to your scnoo])
)?V : ”; It is -to be‘b1g enough to. ho]d enough water to supp]y the needs of the .~
li: - fcommun1ty in a typ1ca1 24 hour period during the summer Est1mate how .
much water 1is used in yeur commun1ty dur1ng that t1me and how large the
tank. must bé, to ho]d that much water -

DATA. 1 cubic foot is about 7% gan'oné..
s'ueeEsnons (If Needed):™ . .

- ’ -

1. L1st the d1fferent ways 1n wh1ch water is used ﬁn your commun1ty

T2t .Est1mate how many faM111es are 1p your commun1ty
. 3. Which bus{nesses or 1ndustr1es in your commun1ty use water?
- 4. How much is used in puhd1c fac111t1es such as sw1mm1ng pools, |
o . schoo]s, parks, etc. ? éA’ % e . o ; 'tf h
- ADDITIONAL PROBLEMS“‘“ e oo
. Est1mate the amount of water used in your home ina typical ' <§7

A ]
i

summer day (24 hours) T :,~?i_

2. If you can f1nd cost of wate‘\ln your city, estimate

' m (
the cost of the wa er\used fn your home,1n one day LY
oo -

E. Hea]thy Diet = | N , e
3
Y ‘\i?e U S. Depdrtment of Agricu]ture and the Nat1ona1 Academy of

Sc1en e have pub11shed ‘tables which show the nutr1t1ona1 values of the

foods we’ eat and another table wh1ch te]]s us the amount of .each nutr1ent ]




TR LT S 7 X

v f SN
we need each day for a healthy dir’ st i the ¢ .o are-incl.on
6N nanps;1F T | ba Cie e aedl s family of

four peop?e (father, mother, sonﬁ[and daughter) for a week In order

to keep one's weight under contro] one wants to keep the amount of PR

R

calories lTow, but to stayrhea1thy, one-should be sure to have at. 1east

v the m1n1mum»amount of each~of the otﬁer nutr1ents Thus, see if you A
can p]an the mea]s for a week S0 as to have at least thegm1n1mum da11y

~ requ1rements for each of the vitaming, anera]s, and proteins, but to ‘
have the smallestamount of calo?Tesf’ |

SUGGESTIONS (If Needed): N

-

1. One can.have severa] teams work1ng on d1ets and -see whlch comes
/

up w1th the most attract1ve menus wh1ch meet ‘the nutritional.

\; ' needs and have the least ca]or1es . ‘ L
ADDITIONAL’ACTIVITIES s . f'

1. It wou]d add #6 the problem if the. actua]«tab]es of nutr1ents

| in foods and the minimum da11y requirements, cBu]d be’ found‘]n

the 11brary and ysed in the proaect More foods cou]d be f

added and other nutr1ents such as carbohydrates, f1ber, fats,
etc could be cons1dered ~The group cou]d dec1de what.amounts
.of these are desirable in the d1et and p]an meals accord1ng1y
_ 2; By'consu1t1ng newspaper ads p]aCed by supermarkets or by ac- ;”
“' r) | o company1ng parents while shopp1ng, the stﬂdents cou]d get costs -
&.A\;. : of the basic foods on the 11st and see how much the food for |
“the week wou]d cost. M1n1m1z1ng cost while meet1ng nutritional.
needs:§§ﬁanother good prob]em (wh1ch was actua]]y solved for '; .

R the\Yrst time i the late 1940's). * | /




1
' /

: T
, L
[
. . |
/ .
L4 .
. . ! ’ . : . e
. . o " .
. " ' i . . ' . N . ' ' -
LY , [ . : . v’ ' ‘ .
. N . ' [ .
' . ) . . , { . .
Y 1 ° ‘
. ] &
. ¢ . - . '

ST ) , ) . T ]

. . ‘

. " . .

.. ! ' ‘

[ ’
R : A
. C “

{ ™ RECOMENOED DAL DIVEIARY,AL’LONANCES_V R
i C Agg Meight Heigﬁt Calories Protein  Calcium Iron ‘ . itaming
. lyears) [{pounds) (inches). U Cgrams) . mg) () T L
T N » ~ , | A B B, MNiacin (.
N T L I
ho - L % R I (S I LTI I A O H VIR R R |
I 600 C| 0" | s 4 0. | sg SN BT O e h
o T N PO DO I I O AR 5000+ 0.8 1.3 | 15 [
.o . . | H: 1 | , | i : . ) v - . .
Women .- 118 35 ..\1;28 | BLLO BRI A I R TR

5% | m | 0 |5 |l od 1] u |0

. | A |
LB o |0 wmo|0s |2 | ow|w
e |3 m | | w8 w05 b | o | w
R B0 110 )| 06 | 10 | n | s

\RNER A RN AR RER
T T

1o e wl.e |,
(s s | o |

o | e | vl | i |
[ 15 ]fs000 ) 12 [ 18] a0 |8 )

| b o LY
5000 1.4 ) 2.0 | 2 |6 \t
P el 09y e N
100 |8 ] w00 | 10| 15 (17.\"'80

00|15y S0 09 | 13| s | w0

Birls {92 |
LS A L
{ R N IR RN TR




o Rl

~ Desserts
Desserts

‘Iscolate Cake
Gingerbread..
ApplePie
.- Cherry Pie
Pumpk1n P1e e

Nut Products
rPeanut Butter

A Beverages -
A~ (ola N

- Fruit-flavore e '

- sodae
Root Beer .

L ....._‘§kjm’M11k
‘. lce Cream

 Cottage Cheese

~ Swiss Cheese
Fried Eggs
Butter -
Margarine .

© Meat, PouTtry
~ Bacon
~ - Ground- Beéf
.. Sirloin Steak
~ Fried Chicken
N - Ham

B ,ﬂFrankfurter

| tc |

~1slice

Bo1ogna d

Amount

1"piece

] slice
.1 slice
“,1\slice

A

A

12 ounces
12 ounc

12 ounces
3

Dairy Products
T

1 quart-
*1 quart
1-cup

o lap

1 ounce

2.

1 tablespoon
-1 tablespoon

2 slices

D 3ounces

3 ounces

© -+ 3ounces

2 ounces
2 slices

-

\ 3 f'

ot

».(

S

*L,TMHOmecmmﬂuwg:9  5

h Prote1n, Ca1c1um
:””ﬁr’wmm) gl
| _u‘
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N B0
A N

w3 & 0.5

I N 0.5
(s\ﬁ»vq) 1.0
/ ¢
SN0 B0
L o
3 0 0 0.0
W00 00
LT 000
B R Ll o
30 % LK 04
30 G 1 0]
N VAR B
5. 7m0
mn 0 Y
100 0 300

m o0 300

R T I

L I I Y

B N Y

Cu s 318
L N

B A R .

- 246 L b, 12"

Iron -

c 00
R
000
!
0" 0
ﬂsw ow*
0. @V@
B 0.
. A0
1mo’ﬂo
0
B R

0.0

0 0.0
S5 0.0
200 0.0
0.2

0.0

0.1

. 1“‘4'
Nlac1n ’ [
) ) |
03 00 -
0.6+ .0.0
0.3 1.0
0.3 20
0.4 8.0
U,l B
0l 62,00
\\/-,-\_
0.0 0.0 0.0
00,00 00
00000 00
708 6
1708760
0301 0.0 g
05, 0.2 " 00
Bk 0.0 0.0 -
0487 00 9.0
01 0.0 0.0
00 - 0.0 .00

R

P S OO ’
PRI P et
) OO

- (2 J IS -
B - . - - e - e -
< —r o
OO OO oo o
R e e
O OO o o o

oo o
ro o —
S —s—a
o W oo



R e e ) DR . o ‘ ' - '
S R 18 . R N =
‘ - . . -,’“" . . 'fﬂ,' — . | . ¢ . N " | . | | :

Fod'r\" ot 'Ea]erieé Protelin . Calcium Iron  -A Cb o B Macin € /

| | ‘0‘, © o +no ATount S lorams)  (ng) (ng)  (units) (mé), (Wg) (ng) (g
N - - T . -

o Vegetables ;‘5‘~‘*.;] ke . '." R

Claols . Téyp LT; Ry 9w o
‘ CornBé : écup | .‘5 “s .i’ L3 56 0.
Cucumber , - b slices .' L g0 5 TN 0
Lettuce . - % head | 13‘ E E,OV‘ ;“22 0l 30%}7"0
‘J(-mmMPmuwk ‘1cw A< W S | R ] M
- French Fries mpwms‘ 1% N Ay 0.7 W

o Tomatoes . 1 e o AT 0l y
Buis oS e T
foples © e |
‘Bamamas .. ]

v Oranges =71 0
o Paaches: 1 N9

| L | eE
]

0
0
0
SO ,.
2
0,
0

0.
9.
0.

Pears
~ Pineapple

. Breads, Cereals b
.. BranFlakes \j .l cup L V1'
. RyeBread CLsliees MV BE g
. Wheat Bread- -7 slice 58
* ,Cornf1akes_"'; R g 10
o Graham Crackers 2 ”
latneal —  Top
Pancakes -~~~ 47 ¢
 Spaghetti, W1th “Teap.
| ,,",, meat sauce e L
Noodie ‘.' Clew 15 6 - &
Tmato L Tewp.. W5 6 167
Vegetab]e | Tewp . ~0 80 4R

. ' . o ]
R S TIE P
»

Fish, Seafeod | o ; ; ; DT "."‘ e o ‘
" Flsh Sticks 5w ‘19-‘ 2 -

- Haddock 3 ounces - 1‘35 A R |
1Tuna o J-,3founce?- R 25 RE
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I Classroom’Probe of the Miniprojects

The\paper conservation miniproject'was'tried on a group of six. "
; 1

";;; fifth grade children in Arlington Elementary School in Bloomington,

)

;) Indiana between October 28 and November 20 The teachers working with
the children were Arthur Stengel and Marilyn Jacobson “In most of the
';/"‘” T -classroom_meetings Arthur‘Stengel was in.charge‘and Marilyn Jacobsoh |

z - . . S ] a - . . . )
' and various other visitors were ob§§rvers‘ A class by class descrip-

I T N )
L : tion of the tr als is given “in. Appendix A Section I of the: appendix

RGN Qh\\\ 09%2} g a ‘0 ,/1hE‘\
ST t

; observers pres With the teacheH are underlinéd The initials sgiven o \'“

s o Yt .-

A'~*"1y ;; there stand for:Marnlyn Hall (MH) Arthur Stengel (AS) George Springer
‘L“ (GS) Debbie Whitehurst (DW), and Maynard Thompson MT f? Section i1 Coe
—
of the appendix gives the observations%of/the teacher and” some of the
vt ' observers at each of - the SeSSlOnS Section III of the appendix is “an
analySis of the observations prepared by Arthur Stengel and Marilyn Hall ;}

_;3‘ 5 v The cl ﬁﬁbm teacher selected hmre or’ Tess randomly six chinren

Y
*

- i'. - to; work wrth Marilyn Hall and Art Stengel in this proJect They were
’ excused from class for thirty minutes twice each week For the first

.- ', . ._ .. : ' -
. w Ttwo seAEJons AS and MH met with the children to get them acquainted with .é-;:f

I

the use. of*.hand calculators and also Jised to working probl ems together -w;E-‘

..w_ :
On October 22 they experimented with the use of the electronie/%and.-

oy ) )
. . .

calculators : tober 27 they worked on a problem of plac1ng 9 g

v

e marbleS 1n—5 cups so that each. cup had a different number of manbli -

~ &* V.

© After: these two: warm up seSSions the children were introduced to the

ifd o miniproJect The teacher, AS tried to HFaw a careful balance between
L

ﬂ;'.:°;' iettingq}hem work completely alone and giVing\them some leadership _
. whegeVer he felt that it was absolutely~necessary It should be pointed .j’=

P )
. . .. :
. . .".;' . - ~
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out that these chi]dren had been working in a traditional c]assroom :
where they had -had no exper1ence in. work1ng in small groups. This
was a new exper1en¢e for the children. ‘ _ ‘ ‘ .

-

One thlng that was c]earafrom observing the’ children was that they

~did not have expehience*and here-not ab}e'td organi;eéeithek a ‘long

- series of tasks or a large amount'of informatidn With the teather's

A help they made 1ists. of different types of paper used 1n the school.

' By the th1rd half-hour session the children were deciding what data |~

‘ each one would try to collect in the sschool. They also wbrked'out the’

questions they wou]d,ask while seeking the'informatiph In the fourth

sess1on the ch11dren actually went out either. 1nd1v1dua11y or in groups >

.of two to ask d1fferent people at the schoo] how much . paper was used

}1n the1r operat1on Seme went to c]assropms, sorie to the kitchen, some

‘to the main office. After gathering the,data the childr&n sat with

calculators to figure out the total amount that.was used. It was at

this point that it became clear that the chiTdren did not know how -

to apply in a practical situatfbp some of the arithmetic skills which/ff"

. L ad
they could use quite well in drill problems. It wasn't clear to them

‘when they had to multiply or divide, or when they had to add or sub-

4 . v o )
tract, even though they could perform thgse operations quite well. ‘{

.~ Getting through this phase of the project required th€ assistance of

the teacher in explaining tp the®shildren just why the operation they

needed was apprqpriate at that time and in interpreting the numbers

on thé display. In the last meetirig on November 20 the calculations
were cohp]eted and there has a discussion of whet the results actuai]y
meant. It wou]d‘have taken about two more‘ha]f—houh sessions to bring
4he project to the comp]etjon we had originally p]anhed;-ﬁhat is;
estimating the weight of the paper used and the number of trees

» ) | . . . A< '.27 ' . . .

’
| {
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N necessary td produce.that much paper. It was unfortunate that the
";Thanksgiving ho]iday‘came Just after the November session and there
o ) would have been a neek'break before resuming the tnja]s.' It was
‘decided'that_that was too long a. break and that we nould stop.at that
‘point. It wdiad-have been interesting to see hdw they would have '
weighed the paper and decided on the number of ‘trédes. However, the
children were.rery p]eased with their accomplishments in finding the
amount of paper actualTy used in the schoo ,.and’felt that this was
an importantgeontribution. , |
‘There were seyera] things the children- der1ved from working on
thi m1n1pr03ect (F?rst of all, they d1d see that the mathematics
‘they had been learning can be used in practical situations. They be-
came aware of the fact that they have to consjder what operation}iSJ
appropr1ate to ach1eve the goals they had set for themse]ves They
\also became aware that 1t is necessary to organize their 1nformat1on
in ]1StS 1n onder to be able to work with it. They had the valuable

4,
N (‘ ]
,expen1ence Qf s1tt1ng together 1n a’sma]l group and planning how they

o

,.?‘~ﬂould“so1ve the problem ’ They saw how a comp11cated prob]em can be
kgh ap 1nto a ser1es of tasks which can be ass1gned to different
iﬁﬁ%ﬂaduamssﬂ It wou]d have been interesting to g1ve these children

f
vyl “‘3«,‘ LA 4 Y
: } Severa1 more of the progects in sequence and see to what extent these

skills had been lTearned and could be transferred to another project.
Another observat1on is that it would have been preferab]e to give the

project in a more'qqncentrated period of time. Meeting only. twice a
‘week for a half hbur'each.time.and extending’the project through three

and a half to four weeks made it difficult to keep theé children at a-

high level of excitement about it. We a]ways'had'to get them back
. : g

- - \ . P
into the problem at each session by helping'them,remember where they
. N . )

»
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v had left off. It would haje been better to have spent time during one

k"\
r three

5 week on this project. As it was, the ch11dren were involved fo
and.a ha]f'hours, Whiif cou]d eas1iy have been fit into one week' s, "t>
work. Even though the project diﬁ extend for such a'ﬂong.periOd of
time and w1th such gaps in between meet1ngs, there was no significant

- decrease in the 1nterest shown BAﬁthe students once they remembered .

) where.they were in the project. "It seems as though there was no .problem
of fifth graders sustaining their interest in a problem for this muth' g
time. We fee] that there is much room for exper1mentat1on on th1s

~ type of project to see whether after repeated experiences of th1s type
the children are able to handle these s1tuat1ons better 1ndependent1y

It is hoped that such exper1mentat1on will be carr1ed out in the future.

IV. Applied Prob]ems g~

In add1t1on to the m1n1pr03ects descr1bed in the prev1ous‘sect1ons,
. the proaect also generated a number of app11ed prob]ems These'prob-
lems are meant to give the students the same general‘type of open- °
ended experience in problem so]vang that one f1nds in the m1n1pr03ects L ;
but in situations which are 1ess comp]ex As do most of the m1nﬂpr03ects, \EEéE:Lr
°they relate in some way to real-world experiences. A samp]e of these '
prob]ems is given below. They were provided by Maynard Thompson. !

>

Problem 1 - | : L
Mr Jones has a 1eaky p1pe under his k1tchen sink. He norma]]y !

keeps a, portion of a one half ga]]on cardboard milk carton under the

sink to catch the water which drips from the pipe. “He cut a carton

4 inches ?rohrthe base and he found that it filled in 3 days. He plans

. . * 5
to take a 16~day vaeatien and he has a one-gallon cardboard milk. carton .
: from which make g container to caté%“the Wateff How high must he -
ﬂ;,/cﬁf}the/;a:i:n to be certain that it will not overflow while he is gone?

',,.//‘” . R -7 o
A i 7ox provided by Evic \"' ) ".J.' . ) ) ‘, ) . ‘ .
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Problem 2 : o . .

A

~ : S P

- If a runner has a ‘tipe of 4 -minutes and 56.0 seconds_in a mile -
run, estimate as accura

ly as possible his time in a "metric mile,"
that is, the 1500 meter:hUn,\ What do you need to take into account
s in making your estimate? ) . R A ' o
Problen 3 . < - ) '
. When*w111 the same calendar as that of 1975¢again be correct?
That 1s when will the days of the month next match those‘of 19757

. Problen 4 | |
, ZOnce during the Chhistmas season a family was seated around the
f1re dr1nk1ng hot.chocolate. David.noticed that’each f them had a '
‘cup- decorated with a d1fferent holiday scene. He had a cup showingp“’
.be11s, his stster had one showing candles, his mother had one With
a wreath and his. dad‘had a cup decohated with car 1ersh The next |
night they were again dr1nk1hg hot chocolate, andQLavid noticed that
- none of: them had the same cup as the n1ght before. fn how many ways
' " could th1s happen? . : ' ‘7‘1~f,~_’ \ S
T Prob]em 5 LT .,' SE - t )
) ‘ A storekeeper has a supply of 5¢ and 8¢ stamps. -What amounts of
v . postage can he place on packages using these :tamps7 He may use as
"many 5¢ stamps and as many 8¢ stamps as he pleases.
‘Problem 6 A | "L
A conf1dence artist has a rectangu]ar bar of lead which measures
1omx3 cm x 10 cm. He plans to p1ate the bar w1th go]d and pass it
off as a gold bar. If he' has only $50 tglbuy gold to p1ate the bar,
how thick will the plating be? By how fuch will the weight of the
‘ 'j p1ateg'bah differ from‘the/yetght ot\a-phre gold bar of the same size?
faR e T _

//’
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S - PREFACE

Thi's report represents an attempt by Mar11yn Ha&] and Arthur Stengel JF

to pu]] together and summar1ze information gathered dur1ng the probe of -

S ‘Ba. the Mini- ProJect Tree Co rvat1on Prob]em The pages wh1ch fo]]ow
. | Zf/

>

. ~ --are d1v1ded info three. ma1n sect1ons -They include: Chrono]ogy,
"Observat1ons, and Analysis. = -, |

a a . . v ) , ‘ ’
: While every attempt was made to represent the views of all partici-

pantso1n the probe,- the report must, to.some degree, be biased by the
” authors v1ews. The Analysis seot1on was created by the authors to
/h~- R faci]itate discussion of theggrobe ' It should not be assumed that any
- , issue ra1sed=or position taken represents anyth1ng more than a start1ng

point for further efforts
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v o SECTION I

\ o , CHRONOLOGY
' Mini. Project ‘ . | )
. [ [ - ) .A ) ‘
. Chronology ) . -
Session Date - -Observers v o Session Content -
October 22 and=27 -*© MH AS WarmZup -with:
‘ L : © 22: "Calculators ,
: o | : ' 27: Worked cups/marbles
tober 28 _ . MH AS GS DW MT  Problem presented > open discussion
DL . ~ " teacher-led discussion/listing of
specific kinds of paper
October 30 GS AS 7 Teacher led d1scuss1on on (consumable
L o nature~of paper use) and organizing’
"Eg ' L. specific kinds of paper by general
-~ . ; C types. This led, in turn, to listing
A . o . * kinds of paper used by types of rooms.
- -_-November'4h " MH AS. v 3 Ass1gned children’ to rooms and let
\ -0 . ; ' ﬁ& them devise questions to askyon paper.
v . <
~,} : } . use.
- November 6 ‘ MH"A_S“GSl - Kids went out and gathered 1nformation.
N 3 ) - ’ » - . - ’
’ . Noveﬁber 13 © MH ASGS . . . Some children initial y cont1gued .
PP S S ‘gathering information‘with: da
| ' _ : , gathered. A1l did some calculations
' ’ with the data.
November 18 MH AS DW Discussion on what's gone on and |
;o ~ what needs to go on. Gathering of
' ’ "needed" data. o ,
November 20  ° . MH AS DW "Calculations" were completed’and
. "the final answer" was found.
) Summary discuss}on. _ R

. , .
, -
.
. . . .
. . , R ‘ o
» |
) ) ) . {
: .
.
.
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OBSERVATIONS

N

[y

" QObserver's Name:

'f 2 . Mari1yn‘Hail,'ArtkStengé]*,iGeorge Sprfnger; bebbié Whitéﬁuést, Mayna}d |
: Thompson ot o ) ‘ : ' ‘ T
. ;., | ‘.5atevof 05serVatjon; k o .
, October. 28 f i o "' - f //t s } S
\Qbie}yations:' | oo '

- Chi]drén'have know}edge of where paﬁer comes from. They. were very
© - willing to guess amounts. ‘Unit used--pieces (sheets of paperj
_ e o . , : » o
--  Without adult leadership, discussion was non-directed and children ‘
were not moving toward any type.of plan of action. Adult.leadership.
intervened and was quickly actgpted by children. ‘

+ ~_ == At Teast one child moved toward simplifying problem to semester level
- and then anothgr moved toward simplifying problem tp day Tevel use;
but no one knew where“to go with this unit. (It seems that they.couldn't
deal with- relationships of per day to per month to per semester to . ~__
per year. ' - T -
' 7

-2 The children seemed to havé the tendency to want té-actua]ly‘haye the

e o teachers-keep. track and add'actual use ‘each day: |
BT T e ST B T D PR St PSP
' . - == Notion of averaging or estimating for real use is not comfortable for
.. \ ‘these children. They really wanted to get anexact count. Discussion
T~ ? did not really clarify this issue.

-- 'Chi]dren were_féry Willing and able to come up With ideas for resources
. in which x paper = y trees relationship could be found. But do they
. have the "research" skills to find that. information? '

-- When presented with a-problem, children were very willing to suggest
ways to.solve it (é.g., people to talk with and places to look). VYet
several opposing ideas ‘came up "in the course of conversation that they
did not seem able to reconcile on their own. Teacher intervention did
lead to at least a facade of resolution; but whether this actually

r. 'settled an issue for-a child remains questionable. .

1

p [ , o
\} . S . J

* Indi#cates session leader -
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Observer's Name: ;o \ ;4/’—_f_\f\\\;_///
- George Springef;:AFt/étenge1*  S . - -

-

Date of Observation: Y . Q a

October 30 -~ . . oy ﬁ%~
Observations: . b to

_-- Idea of consumable nature of the ‘paper in question waS‘éstab1ished
- by teacher's fiat without real notice. ' .

--  Question was posed to group.by teacher on types of paper used in school
(this was, indeed, a false path to follow). Children were willing and
. » able to generate a large list of specific types of paper used. The -
¢ specifics were by use not by types of paper. I.e., one type of paper ~’5£>
was mentioned several times because it was.used in the school several -
ways. This created confusion and, to some extent, the relationship
of types and uses was not resolved. y

-- The Tlisting of types of paper was a 1dng and arduous process. . It -~
« generated.a lot of discussion. When teacher would withdraw,  debate
disin%ggrated into argument with children showing no signs of ability
~to resolve the disagreement.. ' _ :
. ) ~
--. The value of doing this listing seems questionable: 1) the children's
ability to organize their thirking along the lines of types of paper .
~seems marginal. This, seems directf; related to finding of Marilyn, . \/
 Frank,-and Art re: organized lists.® Multiple factor listing with: o
several. items under. each factor was beyond theé-grasp™s{ thg other kids.
This seems to verify that finding. - 2) Even if the childred got'a
v c complete and well-organized 1ist, what good will this do when they go
r . out and cenerate data? If the intention is /¥ use the list in developing
oL ' que%tions to ask, it seems to be an awfu11y\noundabout way of doing.it.
- P .
Z- "The 1i:- of "kinds of paper" remained far from all-encompassing. How
important is a thorough 1ist? L ‘ : o
. . T~
--  Issue of consumable nature of paper in this problem remained unclear
to kids. What products were eligible for“cansideration in the groblem
was brought up several times. -

w ‘ . o




Observer's Name:, -

N T LS

Marilyn Hall, Art Stengel*

‘Date of Observatfbn:

November 4

Observations:. -

-\

4

AN

J‘

-activity was taking place was not really éffeiiive in achieving'task

~ formulation stage.

N ‘ .
. . . z : .
' S T : J ) »
.. o . { \ . ) . , . {
i) ! - - :
: . .

* “JIndigates session leader

“ Process wes re-directed: from teacher-centered Tisting of kinds of

4

_paper to student-centered formulattmgzof 1ist of rooms that use paper ’

and questions ‘to ask folks in those rodms. Students accepted this re-
direction unhesitatingly and proceeded to suggest rooms, etc. List
of rooms and questions to be asked were notecomplete or thorough.

Much non-task activity- took place during the student-centered ‘question
formulation time. Teacher questioning as .to whether task-oriented

orientation. N

-

One-issue seems to be the general one of 1eddér$hip within & group

process. In any group, of people, will the group stay on task”andyor
achieve closure aon an idea (or ‘task) without a leader? In this type

~of. problem, if the teacher doesn't lead, who will?

s it_reésdnabie to expect students from traditional c]assrodms to-

just function in groups without specific. (direct) instruction or’ -
(indirect) assistance from the materials? : o

3 Y

1

‘The ]istiﬁg of types of papefs, etc>ziid'not epter into this question

36

>
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" Observer's Name:

Marilyn’Ha11‘ Art Stenge]* George §pr1nger

Date of - Observat1on

November 6

Observatith' .

~-- The notion of average, how to get average use, or how to est1mate
-~ overall paper usSe st1T1 seems up in the air.

H
A

-- Ch11dren were excited about going out to ask questions and got their .

. 1ists together very quickly (in contrast to last Tuesday's session).

This activity was without adult direction. Also, no teacher ‘sugges- -
tions were prov1ded and nature/vglue of quest1ons seeméd dub1ous

. _;) ~ Some questions did not seem to bear on issue: What co]ors do you use?
\ * " Qné wonders whether the kids rea]]y knew what they were about. Also, .
o ~do_good quest1ons mattkr7 oo ‘ .

- Gary & Blair came back with data on paper use in the kitchen: 1)
~ The ‘data was somefhat difficult to.understand (fgr the agdults

T éspec1a11y) he boys did not really know whaf to do with it:
el . -‘44‘/
: They tried to wonk .10{000 _‘ napk1nsAcase S ST
. e ' - x 300 packs,of napkins/case
. " 1
v Jeacher involvement at th1s po1nt(was so]e]y to. exploge the boys
N thoughts

_— Am0ng issues here: '1) Is-accurate datagimgggggnt? 2)'Taking at face
4~ - value what the children bring back, they are*mot able to do the needed
. calcul tions with that data. This may mean two things (though the

oo
¥ ) two 1d actually telescope into one: 1) How to orgaitize the data
' so that calculations can be done was not clear to them; 2) The actual
-+, algorithms needed were also beyond them Lo e

. f . K .
. . . LK
. K . . . S T

» * JIndicates session leader
S ’ .
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ObsérVef'ngame:'fy ": : ; -0 -
R | Mariiyﬁ Hé]}; Ag;'Stgth%%,iGéo?@é Spniﬁégr o
- Date of‘ObEérvhinH:.. - | '_ . B .~,K'
‘ Nove%ﬁer,]3“ .; . :J g ‘;t:\*‘ . ; I ﬁ o |
Observat%bnsﬁ‘ o - 1yg‘ | . o ' '

.. ) . c, ) . . v .
-- " With the calculators, the children went about doing the same calcula-
tions as without them. Again, -at this point, adults’were involved ofly
to try to understand.the thought processes being used. Two issues can
be raised: . 1) The decision of what to do with the data is still not a .
logically clear gne ¥or the children® 2) The calculator display was
— either accepted withsut question or checked_ by hand, raising the ques- _
- tion of whether or not the machine is 6f any real valde. Generally,
! the children wanted to divide or multiply; but no one was sure why.
' - (Or' what the “"answers" they, got meant.) ’ o ’

« == One child could rot get data on thie room she chose. What a;FIthe
| implications of this for that child vis-a-vis the group? ¥, .

"5-"'One child did decide'to‘hork-with“350 ﬁackéges[yéar when given a figur3,“>
-, 0f~300-400 packages/year .(Yet’, then she divided by 500 (because there
.’are 500 sheets/package?).) . o .

@

With help in organizing data and setting up the hééessary algorithm,
‘only some of the children caught onta what needed to be done. Even
then, they didn't transfer this to another similar sub-problem.

X b N h

T _ per year and relationship of school days/week, weeks per.school year
o and school year to calendar year seemed difficult for the children té-
keep straightﬁ . o . - VL :

.+%- " Relationship of how many per’ pack, th§§ packs per. case and then cases

- Rematnders in decima] form weré not within. the chi]dren'slrepertoire:
"What a high number. And all-I winted to anw was 25 divided by 7."

» '

.\\' .,l ) -,’ . [ ) ' ‘v T/-'
; b _ K ' -

B * Indicates session leader

.
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Observer S” Name

. i . . .
> . > . . "

Mar11yn ﬂa]]* Art Stengel Debbiehwhitehorst

<

Lo _ Date of Observat1on* ‘,1‘-
- . - . - , . \ .
AL November 18 R . |
Y .Observat1onS° e o7 —_

CLo==T Making estimate from-a samp]e is still tough. They d1d get into it .
: : when pressed (Gary:"It's-sort of 1ike a maype."); but’ always seemed
« . to bounce back and forth between estimatipg and wanting concrete
-figures (actual uses) ~ (Susan: most into estimating; Andrea: most
‘into actuaT use) L A ) '

“f’ R what datd represents 1s not c]ear to them: e.qg., paper towels .figure, -
- ditto paper f‘gure Who is giving what figures on whose use 1s net
: ,understood by k1ds , Ve ,
Y ] )

what types of- paper are being cons1dered 1s st111 not c]ear do work-
B books count7 C
== B1a1r had a good not1on of . what to do w1th lists’ of types of paper--
. .~ use it as a checklist ‘against-information gathered. But, no one else
L p1cked up on it, then he; too, dropped it without a hass]le.

54'7 Gary & Blair were conv.inced that a]] they had to do was add a]] the -
different numbers gdined to get the answer Towels, napRins, etc.
were Judged equal s , @ o
. : - "
- In conversat1on, nolone'brought up paper use per year re: number of
' treesrused_up., Focus was on amounts of paper as per data gathered.

o i . h
* Indicates session leader

R




C MariTyh Hall*, Arf-Stehge],'erbie WHitthrgﬁ o

.’;»

)

. " e ) . -
-Observerts Name:" ' -

-Date of Observation:

* Indicates sessjon léader e ,

- -

. L .3 . >, <
November 20. - - e T -
;Obiérvations:ﬁ S . L.
.. . ’. ' . ’ . . B .- h N N v " ' ° . . l ., .. ~ . .', 'vv .
-- . This session was priimarily organized. and led by teacher. - ) : "',\:~

==~ In response to question on what'needed to. be 'done, responses 1ike

"calculate it" and "add.all those -together" were typical. .

== Various relationships remained unsettled: one-child wantéd to multiply L
a figure by 2 to.get yse for three rooms.. Since her' figure represented )
use for. 1 room, she only needed 2 more! Aﬂéiher wanted to muttiply a
per. year figyre by 180.days (in a school yéar). Anofher child wanted
- - tomultiply ‘umber of paper towels by number of napkins. And, still®. -

»
v

another wanted to multiply 9 x 12 (because a sheet of paper is.9 inches - > .0 -

x 12 ifthes?). - (Her answer on the calgulator was 108 and she.said it
~was "108 inches..’. 1 mean .centimeters.") "Answers" to sub-problems-
-were-the result. of. this type of thought and work... ., . =~

’

_ --n'.The‘intehsity of the chi]dreh's-éfforts to achieve an‘answer was very -

impressive. ce - e

‘.
* <

 great and

-- _Reconciling data gotten from sources with\personé]lperception of use-- -

was never accomp]isﬁed. E.g., napkin use must be higher because some .
people rip theirs up. and have to go back: for more. What do thesdata :
. really mean to these children? - o o ' e

--  Once the 1grand figure" had been tabulated, one child dfd say that
! we now had-to figure out how many trees. .~It was not clear wha® the ,
~ others thought of this idea. . * el ~ '

B . \ . .

’

--»‘*Thé children were impressed with ‘the “grand«figure." 'Probably because -
it was large. It is also prohable that-it was this factor--size--that ‘
Tled to the assumptien which~@£§y stated. That, is, the school was wasting .
..a lot of paper. " ' a ' T

. S w7 oy, e
-- A théught arose in watching fhe_]ast-coup]e of ahxs: Were the children .
addimg non-equivalent units becayse they are, developmentally, unable .
.- to deal with equivalence?- Or are ‘they so well tpained to'just add
numbers that this problem became anothér, 1arger{-byt'typica1 problem
in which numbers exist’exclusive -of unit? o Lo

B .
B

s ' . N o A
" . = N ° : . - ! N N N *
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== »-Samp]e of f1na1 comments from the children: ' ‘
"We found out howemuch paper we used and how much we shou]dn t waste.'
- 'It was fun."

- "Ig was bon1ng R ‘ o O '
' o "we got touse the calculators. " " . '
. | i _"W§ got to go out and go to the ;;;;;>Qoms." | ) #"’\

"we'got to miss a Social Studiés-fest." (This was on the last day on]y )

fI/never knew we could figﬁre it'oyt .but we did!"




SECTION II1I

e | T ANALYSIS OF OBSERVATIONS
) I.~:,Prob1em Feas1b111ty for Ch11dren 4
. A Affective Issues , e,
T, Interest in problem |
a. In1t1a11y (first. sess1on) .
1) High A i
b. During other session . ' ' a
' 2) Varied from day to day N
2. » Fee11ngs of success’ )
a..0On parts of the problem o
) o . 1) Positive feelings resulted from comp]et1ng data ;
_ : o gathering and data manipulation. : '
~ " ~ 2) Othegwise, no success or failure affect not1ced‘/

b. On whole problem |
S E 3) Yes (see. cogn1t1ve issues for discussion. of problem
perception) - , J '
3. Act1v1t1es of part1cu]ar note for degree of affeot generated
‘ . Generat1ng quest1ons to be asked.yielded 1ntense work just

prior to going out. (Interestingly; the same task did not
yield the same response at the end of the prev1ous session.) *

1) The "exception was one g1r1 who could not gather data I
~ from her ‘chosen source. She was qu1te upset with this
S turn of .events.

o ' . . b Gather1ng 1nformat1on cha]]enged ch11dren and w;§\espec1a11y
1 5* ' ‘ ) enjoyab}e for them. ) -

.- Performing ca]culat1on? w1th gathered data and working toward ‘
the f1na1 answer had all the ch11dren work1ng hard.

'd. Quest1ons so11c1t1ng opinions from the group generated
much discussion, 1nvolvement and a good deal of argument

Al

o 8. Cogn1t1ve Issues’
o ' LI Ab1; ty to structure (accommodate) prob]em

. . - .a. B1g (who]e;/Eroplem/ﬁf . S ;o
- t:,. | o ,i]) Very 1ted if ex1stent at all . - - '\

In1t1a1.d1scuss1on was enthus1ast1c and touched on
strategies. But, w1thout adult - 1eadersh1p, it rema1ned
d1sorgan1zed and non-goal directed. :

, T : . . b) Even with adult 1eaders ip, lack of resolution of
*© .~ . .. - conflicting ideas makes one doubtful of students’
' A . ab111ty to grasp, the problem in its-entirety.
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b. Sub-problems : .
2) Somewhat greater, but still quite limited .

c) Lack:of abilily to develop precise quest1ons for
data gather1ng and 1nab111ty to grasp meaning _
(re]at1bnsh1ps) of data again raises doubt of the
students"' ability to grasp sup problem on its own

v

_ ‘ ‘terms. o
2. Ability to assimilate prob]em .
e. Big (who]e) problem S -
) 1) High 4 Cy

a) Enthus1asm surrounding the achfevement of the "answer"
~indicates the existence, for the c¢hildren, of a prob]em
they have successfully dealt with. They have, it

_ S o : . . seems, modified the prob]em to su1t the1r perceptions

! of it. . ‘ _

C b ‘Sub-problems : N ST
| ~2) H¥gh S |
O b)y See comment above on assimilation of whole prob]em
1l£-v- S ., Situation here is analogous. | .
) -7, 3. Goal perceptions o - ' .
N : . -.a. Ability to perce1ve goal S
o ' 1) Must be seVere]y redUced by cognitive 11m1tat1ons
g ~a) Willingness to accept "a number" as the solution
< - seems much to the point here.
- - - - b).Yet, one must keep in mind that a goal was perce1ved
‘ o _ . ¢ and achieved by most all of the students. .
”_4?v; vt 1:7 b, Ab111ty ‘to keep goa] in m1nd :

2) Good, 1f one 1s w1111ng to accept student perce1véd '
goal\gs ‘actual goal :

c. Percept1ons of acceptable so]ut1on

3) A1l children were quite sat1sf1ed w1th s1mp1y add1ng
. .up all the numbers they had’gotten 0

4) One child said that we then had to figure out how many '

' _ trees this was. But, in later d1scu§§1on, th1s,samg

c " .. - student statéd great pleasure at havihg gotten the” -

' ‘ . answer. It seems as though there were two. separate
prob]ems in the child's mind--one to get the amount of .
paper and another to get the number of trees. Apparené!' -

. * the two were not ‘related as one task to be done.
L [ S U R
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o 7 S ' 4. Content level \\ o S
_ . : ' a. Many issues touched on in” this prob]em were- not read1]y
' - understood by the children: L _
' | - 1). Re]at1onsh1ps as .described below rema1ned unreso]ved
issues: for them. : +

" a) School week to calendar week to school month to
calendar month to school semester to schoo] year:
to calendar _year.

b) Various units of a g1ven type’ of paper e.qg.,. napk1ns
to packs of napk1ns to cases of napkins. *

) Various units of dszerent paper to each other, e. g.,
“napkins to paper towels to dijto paper.

- d) Types of paper to data needed to solve prob]em and
which way( ) .of categorizing “types is (most)
helpful in gairing needed data (e.g., does listing ,
by color help?) : .

2) Us1ng an estimate vs. getting actual use figures was -
never reso]ved At times some of the children seemed

: quite set on accepting estimates’ on]y to turn around and

- hedge back to needing actual f1gures ,

3) Finding a way of equating the various paper units did

'gér

o i . not really enter into their picture of this problem.
3 . - 4) Calculations Witﬁ the data gathered were of no value or
o : " . meaning. Numbers were multiplied or divided w1thout
- S \ B sreason and answer had as much mean1ng

“C. Group Issues——Wh1]e these undoubted]y fall into Affect and Cognitive®
. Issues, it was felt best to provide spec1a] attention to these . '

- 1ssues in th1s way. : , o . L E |
- 1. Group Skills - . SO "*77.//)‘. '

- a. These ch11dren generally could not organ1ze the1ru§deas
- . when working in a non-adult-directed group ‘setting. It.

. - -seems clear that students from a traditional class sett1ng
need a framework and/or gu1dance when working in a group..

’ { 2. Group Affect

a. Without adult 1eadersh1p (the on]y kind spec1f1ca]]y ut111zed a
. ..', in this p1lot), the group activities disintegrated into T
- e hassling. =It remained re]at1ve]y good natured, but 1t
- .was indeed interpersonal in nature.

IT. Prob1em Feasibility for Teacher f_ o A .
A, Time L L | ’ -
\]. -Overall time needed to comp]ete prob]em
' azt1mated at 4-6 hours ’

b. Ppssibly to]erated but push1ng upper limits for trad1t1ona]
teachers. : i

14
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-2 Student/Teacber contact t1me
S a. As it stands now, teacher superv1s1on ou1d~be requ‘ired
most of _the time. :
’ b This requirement is probab1yrnot rei onab]e‘to~eXpect
~ - fulfillment on. '
, B. Teacher Skills .

P 1.‘ As it stands now, 1t is d1ff1cu1t to list teacher sk1lls.

)
. It does seem, though, this issue needs careful-attention  *

R
. since it seems possible that too much may be expected of U
the "typ1ca1 cﬂassroom teacher.' v
.
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