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- Th1s work on process problem solv1ng was an outgrowth of the f1rst year's

.educat1ona1 thought

‘matics” edué?tion.

_fprma] 1nvest1gat1on (not funded) of th1s centra] hypothes1s

as fo]]ows

L4

a -. \' ‘ . ".. S

A. T ntro'duction

~ This Qﬁgd)t focuses on a spec1f1c effort of the Mathematical Problem

and observ1ng the1r performances as. they so]ved these prob]ems This

effort was carried out by staff members at Indiana Un1vers1ty with chil- |

dren in the Bloom1ngton, Ind1ana schools from September 1975 to May 1976

(September 1974 - May 19}5) act1v1t1es of MPSP related to the observation .

of ch11dren 's prob]em so%vsoglefforts and the resu1t1ng conJectures

Further, the effort was enhanced by the w1de1y heW belief that a geod

way to improve ch11dren S problem solv1ng performanCe is to s1mp1y have N

. \\’\,
- them solve (and then analyze) problems. © ", INERS »

Learn1ng by do1ng is one of the more commonly ment1oned/x/;1ms of.g

As it re]ates spec1f1ca11y to mathemat1ca1 problem

v:solv1ng, the 1dea that so]v1ng problems w111 1mprove ‘problem- so]v1ng

performance has been frequent]y hypothes1zed in the ]1terature of mathe-

on a. pre11m1nary 1nvest1gat1on of the effects of present1ng prob]ems to //.

ch11dren without any- pr1or forma] prob1em so]v1ng 1nstruct1on ~on-the /
. ) /
ch11@ren B ab111ty to. solée the problems and on the1r subsequent prob1em-
4 ,
so]vang performances

N 'In this’ preﬂ1m1nary 1nvest1gat1on”factors such as prob]ems and prob-

v

1em types, prob1em -solving_ strateg1es, classroom de11very formats and

“other concerns were to be cons1dered 1n ant1c1pat1on OfL3 1ater and more

)

A d1s-

~

cussion of some of . the above ment1oned fattors follows. // O
n\h As reported in the 1975 76 MPSP pro-

" Pro lems and prob]em types

posa], a "problep" was conceptuaﬁly def1ned "in terms of the 1nd1v1dua1"

"A prob]em exlsts 1f he/she (the 1nd1v1dua1) des1res to

‘

N

'”So]v1ng Project (MPSP) d1rected at preSent1ng process problems to ch11dren

The activities descr1bed in th1s report were focused ,//ﬁ

o
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obtafn a goa]jbut theﬁpath leading to e attainment of this goal is” ‘
“not”immed1ate1y'knothand’cannot'be fo::> by using hab1tua1 responses "
/i f-‘ ‘It fo]]ows then, also in a gener1c sense that the moment of the given .
prob]em s "so]utlon" is def1ned in terms of the 1nd1vfdua1 and can-be B

vv1ewed as the t1me "at which the- 1nd1v1dua$ belg ves (s)he has achtsyed \\;§
' the de51red goa] of the problem, - In éssence an tatement of a prob]em R

'J S may be v1ewed by various 1nd1v1dua1s d1fferent1y reat1ng, 1n ofe sen;zs

as-many prob]emsxas there are prob]em solvers. Add1t1ona11y, most pr

‘1ems canvbe attacked in a'var1ety of ways .- F1na11y, e vary1ng inter-

]Atnetations of a-prob}em and the'variety of avenu ava11ab1e‘for solu- ~

tion rema1n suScept1b1e to the 1nd1v1dua1 's senke of comp]etlon 'An N ,L

~

-answer for one person may be tota]]y unacceptab]e to another It may

. be argued that common]y accepted definitions and conventlons of mathe~ ' | 9

Ve

-‘mat1cs and 1091c will substantlally 11m1t 1nd1v1dua1 varlatlons and in -

this. , Way keep the size of the state space re1at1ve1y éhaJ] Th1*N‘hdw—

ever assumes that thexproblem so]ver can emp]oy common e]emeht§§ and v o
‘ythe deve]opmental work of 1ageb causes one to quest1on the va11d1ty

~ »;p’- of such an assumptlon One IS left at thlS p01nt w1th a fra ework wh1ch '\\;.-
- 3
‘?~ o prov1deg one start1ng p01nt -the 1nd1v1dua1 prob]em so]ver--from ‘which

v \d
L J

~cautlous exp]oratlons can, begln ' o

\ Another starting po1nt is the nature of'the prob1em types "them-

H

c,se]ves. Spec1f1ca11y, prob]em stgtements were’ examlned dur1ng the first

yedr. (1974 75) w1th the 1dea that general characterlstlcs mlght be found
;_ ‘which could be used 1in the selection and deve]opment of curr1cu1up ma-

terials. This examlnat]on started w1th word prob]ems wh1ch are -typically
'A‘found fn mathepatics textbooks It was fouhd that these prob]ems were

wrltten to e11c1t use of ong or\more\of the four basic operatlons The ~<%\;;\4g

R prob]ems, even those requ1r1ng use of more than one operatlon or the o
” ) ' - . _". /-'.
- SN AU

-
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use of One opératfon more~than'once( reqU1red the man1pu1at1on of one

*cond1t1on at a time with a one-e]ement so]ut1on set for- each cond1t1on c S

A s1mp1e examp]e may help: -~ . . o . o B oy
— . - . Lo
Example A: App]es cost 10¢ each. John bought.3'app1es. Jane ; -
C ‘ - _ bought 4“app1esl How much did John and Jane*spend ;
- o S - together? i o : R
) 't: Fo\\th1s problem one may calculate John S expend1tures, tQEn Jdne's
. - TN 7.

and add them (3 x;10 + 4 X 100 Or one may add the]number of apples
| feach persen purchased and then “calculate the’total ‘price. [{3 + 4) x 10];.7 o

. ) o
A Even 1f d1fferent prob]em so]vers performed the operat1ons in a d1fferen€ ;}) i

) L . LY e .
: ‘ order, the - so]ut1on wou]d be common to a11 ) It shou]d be obv1ous tg:zbljj .
~N e

Y. \ ~ this type of pfgb]em does not f1t the conceptua] def1n1t1on of prob

. .
L 3 N < ’\‘
A .

, in tﬁﬁt hab1tua1 responses are e11c1ted furthdr, the textbo soblem R
“is genera]]y character1zed‘5y the fact that it can be so]ved by d1rect o

.
s

v : 1b‘app1ﬁcat1oqxof.an a1gor1thm(s) Another type of problem, the so- ca]]ed | | ;1"

'-JK; f process Prob]em was cons1dered and used 1n;:2i§?n1t1a1 1nvest1gat1on‘ '1\) ;ﬁﬁ .

S 'The process problem 1s char!acter?fzed by the eatures that it cannot be '

' dlsolved us1ng ‘a s1mp1e a]gorlthm (or at 1east not us1ng one known ; by the
ch11dren) that 1t 1ends 1tse1f to so]ut1on by one Q% dnore general prob- .

\ .d 'b'lem solving strateg1es, that it often has mu]t1p1e’cond1t1ons and/or

I '“solut1ons and that the forma] mathemat1cs requ1red is minimal. +An .

ﬁ tlexample of this type of prob]em-fs presented betow : ,"f LT T

Examp]e B: 1 have $1. 50 in quarters and n1cke1s They make 20

| - j'l /,, - coins. How many Quarters and n1c’ET§“do I have? -

' Here there are %1x comb1nat1ons of quarters and nickels which wou}d‘ ,S
: L 4

total $1.60 and 19 combinat1ons that would y1e1d 20 coins. Of these A
24 ch01ces that sat1§{y qihher cond1t1on oﬁ]y one sat1sf1es both cond1-- |

~ - -

tions The so]ut1on space for this prob]em 1s p1ctured on. the next

‘page/( K ,'\,"7' ‘ } R .-l.\
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Certath‘types'of‘muTtip1e condition urob1ems,‘e¥g , those‘with'a‘low
 ratio "of number of solutions sat1sfy1ng a]] cond1t1ons to number of
;solut1ons sat1s¥y1ng some cond1t1ons, may be more read11y so]vedwthan’
"otheps Yet, w1th1n some sort of reasonab]e 11m1ts, ch11drenf%bserved

_’dur1ng‘§hi 1974 75 year\11keqito at ]east try mu1t1p1e cond1t1on prob]ems

Prob1em solv1ngﬁstrateg1es Anothey factor cons1dered in the pye—

¢

’ ;11m1nary 1nvest1gat1on of the«céntra] hypothesis (prob]em so]v1ng per- T
N .
: formance can be 1mproved by so]v1ng brob]ems) was the set of strateg1eg \\

N that might bg focused upbn The dec1s1on concern1ng the strateg1es .

would affecl‘ the, se]ect1on of prob]ems Two papers* mm1ss1one‘$ by

th1ngs, on 1dent1fy1ng and d1scuss1ng strateg1e$ typically used in’

=

the prOJect and reported in ‘the 1975-76 Qroposa] focused, amoqg~other :'~>*.

matical prob]em so]v1ng and/or strateg1es mo§t£§§propr1ate~for
Ause by ch11dren in the 1ntermed1ate grades In add1t1on wh11e search

: of the ]1terature** 1nd1cates ad1vers1ty of prob]em so1v1ng strateg1es,
U ,
there are many common strateg1es - Which strateg1es ought to be—1nc1uded .
. | . ‘
*, Dale Seymour, "ConS1dera§h ohs for Mathematics Prob]em Soiv1ng Curric- .
’ f ulum for the Intermediate Gradés," Unpub11shed paper, comm1ss1oned S
by the Mathematical Problem.Solving Project, 1974, : -

. ' B Caro]e E. Greenes, “Identification of Problem-Solving Strateg1es;".
' ~ Unpublished paper comm1ss1oned by the Mathemat1ca1 Problem Solving

o Y Project 974, - . .
. -k Normln Webb, A Review of the L1terature Re]ated\to‘\reblem So]v1ng v/

_ Tasks . and Problem-Solving Strategies Used by Students in' Grades 4,
L - 5, and 6," Unpub]1sQed paper cemmissioned by the Mathemat1ca1 '
' Prob]em So]ving Project, September; ]974 e x

B




R 1'} ST S T .
~1in the work of ch11dren in the 1ntermed1ate grades rema1ns an open .

!

question Issues of des1rab1e curr1cu1um content as weI] as, developi‘,“j
menta] ab111t are cIearIy 1nvolved but the d1rect1on to follow™is not
eas11y seen.’ Evené#yvth‘thepappropr1ate strategy types 1dent1f1ed the °

N

Th1s cho1ce becomes espec1alﬂy :I_

choice of specgfaqﬁbrob]ems rema1ns d n.

[N

ﬁcr t1ca1 1f one goes back to the. ear‘1er sta ements regard1ng a problem’
ros
~and probIem so]ut1on If a problem statement 1s 1nterpreted in var1ous
S ‘ .
ways by various 1nd1v1duals and the respect1ve 1nterpretat1ons are T

_ ‘?m suscept1b1e to vary1ng solut1onlmodes, can a prob]em statement be wrt-
' ;f : ten to e]1c1t use of a part1cu1ar stratEgy from ch11dren of thﬂs age? Is
| ; | : ~that even a deS1rab]e 90127 Or, should'a prquem be such that it is
'L~\\' o potent1a1]y soIvabIg by ut1ﬂ1z1ng,one of severa] stratlg1es w1th ]ess el
| concern g1ven to any p&rt1cu1ar one?, In sp1te of the number of quest1ons' 8

ra1sed, it ﬂas Judged that the process pndb]ems ho]d the greatest poten—

tial for e11c1t1ng’)rob1em soIv1ng in 1ts broader sense and}for e11c1t1ng
« . . + / :
strateg1es ' o - : N
x e DN , e \) ’

- ¢4assroom3de]ivery'format and other concerns. ' In add1t1on to the 7,

'f\

4
probtém types and strateg1es factorssggfated ® the hypothes1s that oo
o Lo N »
. ch1]dren s prob]em soIv1ng performance w11] be‘1mproved'by so1v1ng prob-
5 3 ,'/I .
]ems, the praot1ca] issue dof de11very 1nto thb c]assroom rema1ns Can

one, as the hypothes1s sugg sts; s1mp1y g1ve ch1]dren mathematicsvprob—.
Tems and ask the chiIdren to so]ve them’ G1ven the def1n1t1on of
prob]em", Gt wou]d be prudent to inquire how an atyp1ca1 (unknown)‘ »I
' ."path to the soTut1on 1s td’be fo d without 1astruct1on? would some- ‘.é
f ; . thing I1ke h1nts be of help? <E%:o ‘wou]d g1v1ng h1nts defeat the in-
“' . ,tent of the hypothe51s? Another poss1b1e tack can be found 1n the t
s Iearnvng by d1scovery I1terature Can probIems\be structured $0 that

. o
j\ S students d1scover the path to squt1ons dur1ng the course of the1r K
' : ~ . Ca ot .
- 3 - o / ‘ . s PR . o ‘ i . ‘. . )

C e
L : o -

SRR - 3 .1(7 I_”‘ i ﬁ : o _: 'f,. ~
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work? Such d1scover1es could ‘come from h1nts, or, they cou]d’%%ve]op _

Ut of the prob]ems themse]ves A sequence, say, easy-to- hard of -

prob1ems m1ght gradua]]y develop an idea or, at 1east, gradua]]y develop ””””“Tj

¥
an att1tude in students toward work1ng on a prob]em they cannot so]ve

1mmedﬂate]y. Yet, how to sEhuence the p ob1ems is only one part of the.
'c]assrdbm”}ssue How cr1t1ca1 ar thv¥roles of the teacher and the

'~~students? If prob]ems are~samp1y given to the students, m1ght they

A}

work together or wou]d they work 1nd1v1dua11y much 11ke a test?. W1th';f

Y

fh1nts, one m1ght ask 1f it would be the Feacher who wou]d ho]d them 3ff'
| and on ‘what bas‘b\they might be g1ven out In a 1earn1ng by d1scovery ;

~'?system, students and teachers wou]d necessar11y be act1ve1y nnvo]ved
. R . &\“ o ol . .

’ 1n a process of act1ve'1earn1ng é“d-quest1on1ng L ,h‘l- R
- l ' ) '

4‘,fcenira1 hypothes1s that prob]em so]v1n§>berformance 1s 1mproved by
' fso?v1ng prob]ems have been discussed these factors are the prob1em

. ']fcﬁtypeq prob]em sp1v1ng strategies and the format for de11very, N‘further

| /fjanalys1s of these factors is: descr1bed in the fo]]ow1ng sect1on
o %

7 Vl’f:uB/ Obaerruatwn of' Chzldren s Problem- Solvmg BRI o o j

.f. : At_Ind1ana‘Un1vers1ty three members of fhe Ma%hemat1ca1 Prob]em , fff'
:t :;SqlvinélProJect who had had cons1derab1e exper1ence w1th ch11dren were . ‘

. f_tfébass1gned f deve]op and 1mp1ement mater12Js around the centra] hypothes1s -
. fithat ch11dren can become better prob]em solvers through so]v1ng proglems. '

AT "Pr1or to the actua] development of these’ curr1cu1ar mater1als, severa]

LY
s N fquest1ons were raised to which attent1on was g1ven These 1nc1uded‘
. J;f Can a group of probTems wh1ch e11c1t the des1red'strateg1es be
; , el ident1f1ed7 SRRERI LT v S N
‘ ' f{‘ ‘.i:_ Can the" 1dent1f1ed prob]ems be p]aced 1h an eas' hard sequence?"
. 30 can gfod hints for the problems identifted be found? »
—‘?' S 4, For the 1dent1f1ed prob]ems what mater1als seem appropr1ate?<; _

\

* Three factors cons1dered 1n the pre11m1nary wnvest1gat1on of fme ng,l;h',*




S f5}. How do .children go about so]v1ng prob]ems? RS R TR v%‘\y/”
o ,5 what is. the role of the teacher in the ‘proBlem- So]v1ng Sess1on9

Coe e .
B T
: ¢

~{f;;f]”f" The best way to f1ndithe answers to.these questions was to test

N

'f*,warious prob]ems and procedures w1th children. The d1Scuss1on whlch
3:;};11‘ _i'-fdllows out11nes stme of the steps taken to answer the above, questions.
) . From the ﬁ1st of strateg1es that were. suggested-qn the 11terature the -

;gﬁ~5.{r MPSP decided that ﬁhe€1nstruct1ona1 matébﬁa]s_would fecus on, the_fo]]ow~
‘ i s 1ng Str‘ateg'les ’ : v B S
SR "\ Mak1ng a list - organ1zing a 11st
Mak1ng a ﬁuagram (draw1ng a prcture)

‘ took1ng for patterns C

‘ ‘ ". Estsmate an! chéck -

;,.

W1th these strat g1es 1n m1nd,:the tean- se]ected prob]éms for the ch11dren B

to solve. The seTect10n of prob]ems ﬁbs based .on the'follow1ng

. ':, ' (f} N The 11ke11hood of eT1c1t1ng one or more of the ment1on
PRI : ;strateg1e§¥ : ,
I qi!!oblem was. p]aced in a context that a child wou]d Tike
4 ' andProvided a task that a ch11d wou]d enJoy do1ng

fg;f.The 11k§11hood that the ch11d wou]d exBer1ence to some extent, ?gg:.

success. ST ) .
- An examp]e of a proble:}¥%at meets thesg criteria is:

. o Jim works//n an ice cream store. Ice creani cones )
. : cost 25¢. Show the ways that one could pay. Jim for CLU '
e ice cream cone.

’

'Th1s prob]em cou]d be solved by mak1ng a list and poss1b1y organ121ng

[,,;1{., The sett1ng of an 1ce cream store 1nterests ch11dren and they enJoy '

‘e g :
{ " A

'_f3 - finding ways to-make change. The prob]em has 13 poss1b1e solutions and -

fyjf L?fmost students shou]d exper1ence some degree of success o % B
'f idv‘Sett1ng |- o I | TN 6\

;:ﬁ 3i“‘ o W1th the. cooo§rat1on\of the ]oca] 'onneT a fifth- grade

c1assroom ref]ect1ng a. representat1Ve range of soc1a1 and econom1c status

. was se]ected for the pnoﬁect ‘The teachgr se]ected two groups: of s1x

. - .J"’ )
i .A‘ - ‘I \.<
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3 ' 4 studéﬁts each*conta1n1ng students oP h1gh med1um and low>ab111t1eg* P\

ﬁembers oi the team worked‘w1th each group’ for 20 30 m1nute per1ods )

6ne or two t1mes a wEek (11 tqmes 1n 8 weeks)ffn an extra c]asiroom AN
Lo N . . :
T Procedure | o : ' "' N
N N T e ne avai]aq1e opt1ans it was decnded to 1n!t1ate the . 4
_ l’aﬁlivncJ Y one grOup work in pairs or. 1nde1dua11y (the1r ‘
~e " + o
) . choicef while the otherqzhildren worked together as a group An un- ;:%
) S g .
DN 4
IR l1m1ted supp]y ofupaper was made available and\the éh11dren were askez/f/ _ :

3

, 1th “the prob]em,. The ch11dren s work was t co]]ected and kept in "Nf\

L

e {
. (to write dowh ‘as much deta11 as poss1b1e squ1 g how they had worked

indiuidual folders. In ad¢3t1on each session was aud1o-taped and
K d’ N\ few sessigns were v\deotaped\ " ' N 'ft" L .
- To be 1n each session a team member (sess1on 1eader) read the N

. *
prob]em and answered quest1ons from the chg]dren concern1ng the problem

e

statement One copy of the prob]em statement was ava11ab1e 1f any
‘.student wished to read 1t whmle the students worked,_the session
) 1eader,was ava11ab1evfor'questions, ekperimented with giving hints and
' init1at1ng discussiOns; The discussions werelinitiated'by the session'.' ~,

1ea r when the students'reached a point when it was fe]ththat the
~group shou]d talk-about the prob]em 3r when the problem was. so]ved

tDur1ng the d1scuss1ons the students shared methods\that—they had used
in attempting to find a so]ut1on -‘When the d1scuss1ons had ended the -

. .

' students work was col]ected and another prob}em_was-presented or the -
group adJourned until the next meet1ng | - ;e

_ The other member(s) of the team served as. observer(s) Particular
attention\was paid.to .how the students worked and to the role that the
'presenter played. Fo]]ow1ng each session w1th the children the ‘team

‘ana]yzed‘the'data._ - I R .
] . . . . ‘_4‘ » . . \ .
NS : .
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After N sessions with each group over an nght week'Period the'

| decision to terminate the prohlem-sotving sessions was made. Enough_“. ‘
' Q*EZT\\\ .

data/for the pre curriculum development had been cbllected The re- .
N s_// t '
sults of tha prpblem sGTv*ng sessipns are summarrzed below

\

- - fag a groggiof probl ems - h 61icit the de51red strategiesiﬁe
e T oFied? m o :
,%:; Problems could b Wi ui which would dﬁ1c1t sppcifnc . aley.es.
) e . N
;ﬂy But the 1mplementation of those strategies by the ch1ldren was at vary-

1ng levels of sophistication For example, ‘a ch1ld might make an esti-
4
mate and check 1t But the next est1mate d1d fiet necessar1ly follow

a discernable course’ of refine ent. Or, a list might be made but no .

Papparent pattern or organizat on was used in- develop1ng the elements of

f\ that list. However, regardless of the level of performance of a given

| child the problems dld elicit reasonable attempts at or approx1mations
N . :
of the de§1red strategies. C

The problems 1dent1f1ed seem, 1n(:etr05pect,to have sorhe discernable
character1st1cs The problems were chosen because "they worked" and the
character1st1cs\were 1dent1f1ed later No checklist ‘or algor1thm for 3
writ1ng thlS type of problem is 1ntgnded\or felt to be p0551ble at th1s
t1me. The. characteristics of these problems 1nclude fe - :

(J) All the problemsfage placed in a context to which the ch1ldren

could and wanted to- relife to Some problems were based on a "real"// =

51tuation, others were nqt\so real but $till of 1nterest The same math

- con;ent in another contexﬁ\m\ght well get little attentiOn For example, .

'"How many ways can you make change for 25¢" generated less. 1nterest than
the icd cream store problem mentioned earl1er
(2) _None of the problems selected could be solved d1rectly by an.

algorithm (at least not by one known to the child) This is in contrast

. :V:I l i.} :'.' j;lfd ha:
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. ' to the typ1ca’ tethook problem wh1ch can_ usua]]y be solved d1rect1y
R ..by appT1cat1on of an algor1thm (or a comb1nat}on of a1gor1thm§9 such s’
SR N :

. AN th° add1t1on, subtract1on, mu1t1p11cat1on or d1v1SJon ?igor1thm
/\v‘,' “,N(. \ o tev - - / i ¢ .
. (3[ A]] of thu prob]ems requtre m1n1ma1 mathemat1ca4 skills. A?,\ 5.
,-the1x s1mp1est 1eve1‘ithe problems could be_sg}ved by countihq? No \,
- higher oneruf?ons(were needed- and observat1ons-1nd1cate Bhat count1ng ~;‘

aﬂ_\~ was used mos t frequently 6 suive wune p.oblemsg For examp]e, in the

' $1 60 probbem the ch11dren cou1d count by fTves (often on the1r f1ngers)

i,

. s [
. 1nstead of mu1t1p¥y1ng or<:1v1d1ng by f1ve o -__ . B
)
(4) Most of the prob ems" had mu1t1p1e so]ut1ons or requ1red f1nd-

]
.

" ing severa] so]ut1ons to arr1ve at- the f1na1 so]ut1on For examp]e,
'"Show all the ways John could get h1s allowance of $1 60 1f he on]y got c
quarters and n1ckels" is a- mu1t1p1e so]ut1on prob]em \Ask1ng, "How L

man‘ways could John get his aHowance of $] 60 1f he got qUaY‘ters'and."".' |
._.¢;?‘ -
n1cke1s" is a s1ng]e solut1on prbb]em wh1ch, in effect requ1res find-

l ™

1ng severa] so]ut1ons

(5) Many of the prob]ems 1nc1uded two or more COnd1t1ons wh1ch j" 1{

&\' fhad to be cons1dered s1mu1taneous]y Some prob]ems requ1r1ng;the man1pu-

»

1at1on of two cond1t1ons were qu1te w1th1n many ch11dren s ab111ty range
&

For examp]e, 1n the $1 60 prob]em us1ng quarters and n1ckels the thlldren ‘;;f
" had 11tt1e d1ff1cu1ty 1n organ1z1ng, to some extent a 11st show1ng “at®:

1east4some of the so]ut1ons However, those prob]ems w1th three or Fore
.. .
cond1tions were genera]]y too d1ff1cu1t to. e11c1t a part1cu1ar S ategy.

The probIem where John is pa1d th allowance of $1 60 1n n1ckels, 'mes :

"and quarters w1th 19 coms is an example of a pr’ob]em w1th (at le t)

“h
three cond1t1ons Here the so]ver must work w1th three 1nstead of two

>

- o d1fferent co1ns equa11ng $1 60 1n add1t}on to the‘th1rd cond1t1on on .

éé?*’ B using 19° co1ns Some ch11dren d1d f1nd so]ut1ons to. th1s prob1em, but

I
,
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IS dig not solve 1t us1ng a l1sting strategy Other children would focus s

A on one or: two cond1t:ons while 1gnor1ng the other cond1t1ons "

¢ BN

nb' - -
o (6) There was a consc1ous attempt'to wr1te the prob‘ems us1ng _ “
Ay language that would be eorrectly 1nterpreted by ch1ldren‘ Whileno - - »

” / ‘v ’ :

- (\-_ formal cr1fer1a were developed for 'these character1st1cs, a stron f« ]

m
.. .erel" for "good" problems gréw'and it became ev1dentPthat problems

'T.\-' - /wh1ch ougﬁt to‘3i1c1t a part1cular strategy, from an«adu}t s standpdmnt b
. ‘5E;('would not necessarlly el1c1txthat strategy when the -children solujd X T
e Ii,the p ob1 . o _— 1' ) ';;yff H ,f o

L

": e YU - A notg should be added here that these problems produced the des1r; z"
L able result that the ch1ldren enJoyed worh1ng on the. problems to the
“extent that they ‘were anx1ous to get more and even asked to take?}ljc
:L” o home. Th1s h1ghly mot1vated behav1or is in contrast to the somewhat
T :reticent outlook encountered at thezbeg1nn?ng of these sess1ons Wh1lj} N
‘~1t is. clear that-a part of th1s change must be 5ttr1buted to the spec1al
) nature of the s1tuat1on and, the relat1onsh1p developed between the ch1l-‘P,V
C dren and the MPSP personnel, 1t became equally appareht that a substan-
‘¢1al part of the motlvat on’ was due to the 1nteract1on between the )
‘These ch1ldren ]1ked to solve these problems

- o 3 .
M Canzthe 1dent1f1ed _problems be placed 1n an easy -to-hard sequence? '

students and the problems;

[

_ In -order to develop an atmosphere conduc1ve to op and 1mag1nat1ve
;-;'_ attempts to solve problems w1th1n the groups, the 1n1t1al sess1ons cen-'
| . centrated on 1nterpersonal dynamfts and the 1dent1f1cat1on of "good" ' ,
problems. D1ff1culty and sequenc1ng were secondary-1ssues When, in ‘ . -
; about the s1xth sess1on,_sequenc1ng was: addressed as an’ 1ssue, it was ..-

d1scovered that the isstie had changed

. , } ¢, _ v . R e .
B o S | v
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ana]ys1s of the f1rst f1ve sess1ons y1e1ded the rea jon - .,;,’

hat pcob\Ems whuch m1ght be cons1d§redf"dﬂf‘1cu1t" were»%1ven to stu-;
.oe ) T

dents 1n the eariy Sessions. A]so d1ff1du1t prob]eMs had, to some ex- o

> R ;.' tent been alternated w1th eas1er ones in the!sp1r1t of tto#pedo1ng"
‘7-Carry1ng th1s 1n1t1a1 seguence\1nto the rema1nnng seccinne  the early’
ings were valldated An easy -to- hard sequence Was 1€8S.S ccessfu1 }
s ' 4 LY \

- 1n 1nvo]v1ng the ch11dren than s1mp1y prov1q§ng probleM% that mot1vated
T" 3;\}5 them There appeared to be a need ‘for sequﬁnc1ng but the sequenJ(ng
1nc1uded many 1mportan; factors such as. mot1vat1on and var1ab111ty as
; * 17 well'as an easy-te-tard order s A .

1h3.‘ Can good h1nts for the’ 1dent1f1ed prob]ems be deve]opedi//‘ kS

. Over t1me, attempts to prov1de hints fe]l 1hto two: categor1esr One was
_'3_; ' ' ’the typ1ca1 type of hjnt that one finds in mathemat1cs texts tak1ng thegf\’//r]
o fonn of an 1nformat1on prov1der or rem1nder and presented as a statement.
when g1ven th1s type of h1nt,students tried to f1t the 1nformat1on 1nto ST
.-their solut1on mode whether it was actua]ly appr pr1ate or not Fre-“
‘quently, a supposed h1nt became a new problem in that the student ended
up trying to figure out how or. why anyone would. th1mf the "h1nt" wou]d
| 1actua11y'he1p The statement seemed to carry w1th_¢£ an- 1mperat1ve for
o use. The second category of attempts to- help students’ problem solv1ng
) ;(gain momentu@itook the fonm of quest1ons The quest1ons .themselves pro-
v1ded Tittle d1rect a1d or an 1nfonmat1on " What they rea]ly d1d was
to get discussion go1ng among the students fhe'questions were-evaluated;;

~J .
If one'seemed of no vaTue, students reJected it. No imperative for use

2

seemed to- be attached to the quest1ons Y‘In this cata]yst role, "hints" :

1n the form of quest1ons seemed qu1te good at gett1ng students through

# an 1mpasi§. A~ v 1 - f T
A s e (R . :




S " How do ch1]dren¥go about so]v1ng prob]ems?

- Paper was given‘and group1ng

-
)

S The,;tructure 1n1t1a11y chosen for fhe prob]em so]v1ng sessions.

was ‘presenting the prob]em work1ng on the- prob]em and d1scu<sw1 the
children's work. It was felt reasanal™~ oy, s Fashol and N

then mod: *, tie structure as the chderen's need eamed to d1ctate e

L4 »

** 'The prob]em presentat1on per19d was 1ntended to et’ the prob]em- ]v1ng
;fstatement to the ch1]dren and aﬂ]ow them to clar fy the1r underst ding
'oq‘1t Dur1ng th1s time wh1ch ]asted on]y a fe#’ﬁ1nutes, the ch1]dren

=?n1t1a11y asked,quest1ons a1med at both prob]em omprehens1on and at

d

f1nd1ng or ga1n1ng approva] of a solution mode. The latter quest1on1ng

' d1ss1pated qu1ck1y\when the.sess1on ]eader refused to prov1de this d1rect

'type of ass1staqce To some extent, the_comprehehs1on quest1ons decreased .

1n number a]so Th1s,_1t 1s felt, refTected the ch1]dren s increased

fsk1]1 at comprehend1ng problem statements though this conc]us1on remains
tentat1ve While variations of present1ng the problem were* tr1ed (e.q.,

'fhav1ng a student read the prob]em statement,/hav1ng each ch1]d read his/her

own copy of the statement s1]ent]y, haV1ng no presentat1on time as such)

\

the existence of a "time" for present1ng the prob]em and hav1ng compre-

S <
hens1on quest1ons asked seemed essent1a]

The perlod for work1ng oﬂ‘fhe prob]em was, at the outset the most

L= X I

'open-ended of the three per1ods More than with: e1ther of the other two

-«

periods, 1t was felt the ch11dren wou}d have to prov1de the1r own path.

ments were médug From that point

. 'on the ch1]dren were in charge 0 'the1rﬂown efforts As it- ‘turns”out,

-no other forma] structure was needed Wh1]e the té?b‘presenter rema1ned

k3

f,1n the geseral v1c1n1ty -of the prob]em solyers the ch1]dren worked very
ti

much on e1r owh. Most ch1]dren var1ed the leve] and nature of the1r

1nteraction with others Rt t1mes, some weu]d work, a]one wh1]e rema1n1ng

.,Ll
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B (physically) within tHe group or the Offer tiwer - 'd might
jugf 10(3'( a} al the s vt ot L FRERITEN Ci A f ‘JO]VEd a .

probiom seemEd to be a strondﬂcatalysz in he]ping'a child get‘startedl
© or renew his/her efforts. Questions were posed to'partners or to group "V
members Dec]aratﬁons were'made and attached Arguments deve]oped and N
“were reso]qu/ The flow of the.1nt&act?1on was rapid, varied and un- |
. pred1ctab1e One ch1ld m1ght s1t quietly observ1ng 3 d1scu§_1on and
) f‘ * suddenly cut through the dfff1cu1ty W1tht9 reso]ut1on “0Or throygh an ‘ : ’
1nS1ght a debater m1ght sudden]y d‘scoﬁar the. "key" to the pro‘b(|em . /"
) o v"The pace and nature of these prob]em so]v1ng times var1ed But, after
‘several attempts at,man1pu1at1ng\the structure of this period, it be-
e } ' :came clear that the children could and should be left to the1r own
}i'd§y1ces as long as behavior rema1ned w1th1n reasonable 11m1ts when'
the limits were crossed a qu1ck word<¥rom the sess1on leader brought
.'the ch11dren back to more acceptable behav1or -Finally, it shou]d be

r N
: -kept 1n mind that on ocgasion, thé ch11dren d1d ask the 3ess1on leader

questions The ava11ab111ty.of th1s out]et seemed 1nd1spensab1e and

PN . 'the manner in whlch it deve]oped is discussed below. RN ;4 ‘4

| _ The d1scuss1on session was 1ntended to review and~ana1yze the b

B process of solv1ng the prob]em and draw:genera11zat1ons from. the - work y

-done ATso, s1nce no 1nd1cat1on of r1ghtness or wrongness of ‘their. | |
L :solut1ons had been g1uen to the children, 1t was felt ‘that 1f such. in-
' &UALtion was. indeed needed thws would be the place. . As 1t deve]oped

"?~_the discuss1on did a]] of these th}ngs to some extent. The strateg1es
wh1ch the’ ch11dren:§ﬁp10yed were d1scussed Genera]]y, the ch11dren S
_fooused on the atkions that Ted to the1r so]ut1ons wh11e many ch1ldren

' 4were anx1ous to l]ate w"at they had done others were not And those

‘who wanted to talk about the1r work‘were not‘necessarlly the best problem_

Lo ' R ‘ ] R 1 .
e G s . v‘ . . . 19 . T
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v 4 : . . ' N




15, \)
solvers anc uid not necessaril save the correct answer(s) AnéT;a1ng
. | the strateg1es emp¥oyed and genera}nz1ng took place on]y 1f 1n1t1ated
| | and d1rEcted by thj?se551on 1eader% Nh11e the - students became better
-.v o \\jat ana]ys1s, e.g., look1ng for gatterns, they d1d not 1n1tﬁate thé
. | activ{Ey Genera11z1ng to a formula rema1ned a part of the d1scuss1om
that met w1th 11tt1e success or 1mprovement Although for some probLgms'
the ch11dren werg not to]d the .correct answer(s), they 1nqacated a def- -
. r , N te pg-eferente for be1ng ®1d the answer(s) after %they had compi*etod “
| their work on a problem No data other than student Sommentstpec1f1ca11y
support or refute the propr1ety of g1v1ng the answer(s), but. since giving

' answers was most comfortable for the MPSP personne] and the ch11dren,

th1s was dofie dur1ng the d1scuss1on R : , - "

5. what teacher actions are a 'ro r1ate to com_]ement foster the

. children's prob]em~s01v1ng behavior?

Since the children's act1v1t1es in solving prob]ems prov1ded the

‘e

1ead for determ1n1ng teacher act1on,/ﬁﬂ%se latter act1ons are covered

]

'1n the three parts of the prob]em solving session Just ut11ned The.

- ) sess1on léader was serv1ng as a.teacher in the sesshons w1th ch11dren.
"f \i
S act1ons -was 1mporta t 'S0 that later

r

L‘ An ana1y51s of the sess1on leade
teachers m1ght be- adv1sed -
L I - ¥ A .
The prob]em presentat1on per1o¢ was S1mp1e and stra1ghtforward
The sess1on le der read the probTem nd answered quest1ons spec1f1ca11y
-":/ o relating to the mean1ng of the prob]em statement The attempt was made
] 1n the reading of the-prob]em to emphaSJze or otherw1se signal 1mportan§‘v
words, content, etc ».and the prob]em was reread on request Quest1ons
11ke, "Does that mean you re supposed to. add’" or "What should I do7" B _;

Were responded to with a statement to the effect of "I can't answer

‘ - “that", The ch11dren qu1ck1y accepted and adapted to th1s ru]e
| . G O-._‘ * S ‘ /




{

,_“[

var1ety Questions like "What do I do now?" came up. but hoth1n¢1nore v

4. ]6.‘_/—"\ - \ *

‘ - . . L
The ro]e of the sess1on ‘leader dur1ng the work1ng o{'theaproblem ~ N
R

phase, 1n1t1a11y, v>s less clear., As menf\oned efforts were made to L
\ -

prov1d% hints. Al!b for a coup1e of ses§%ons, ch11dren~were al]owed e
: D] ) ")
to ask any quest1on they wanted exc the "Is th1s the r1ght answer?" \i\,

s)v

substant1a1 In1t1a11y, "Is,th1s r1ght7" quESt1onS'Were asked too \;k‘ f{ P
Sess1on leader moves of giving h1g¢s, answer1ng any and all quest1ons' ' "

- an not do1ng’anyth1ng faf4ed to foster ch11dren sA%rogress 1n,so1v1ng ;i grf
prjﬁ]ems Two seSS1on 1eader act1ohs were gra ua}TY\uncovgred that did ‘

'he1p 1) Ask1ng quest1o5§ to fost“r compreh ion or prob]em attack

- &

seem to, move “the children from dead center. For example, “What is
e . ? ot

'the'important information?';';g "What w111 the answer ook 11ke?", and a prod -

\a_\“

" to searching out alternate solution modes, e.9., "Is there.another way '

-atoftryAthis problém?"; often helped get a problem-solution‘process

going'again.' 2)'-Forcing.the-question back into the group. wasﬁanother

adult act1on that met w1th some success Say1ng somethlng ]1ke, "It

.,f—7;¥§ "\go°d idea to aSk Frank", or "Have you checked with, Karen on

that?", tende¥: ;E‘aéi the. 1nteract1bn go1ng aga1n As discussed, th%s}

. Tapswer(s) t

'1nteract1on then sérved .to move the process forward

i
’ °‘D1scuss1ng the prob]em after the ch11dren had so]ved the prob]em

"was, 11ke present1ng the prob]em, more adu1t centered and structured

The seSSIOné7eader organ12ed and Jth1ated the d1scuss1on and gave the

the problem.s'As mentioned;‘children'were.eager to tell

what they had done. .As time;went on,fthere’wére)uolunteers as soon as \

the discussion period began Ana]ys1s and genera]1zat1on requ1red

Ces . a3

step- by~step quest1ons from the sess1on ]eader Often ‘the ch1]dren o

m .
did nof seem to understand the ]me the sess1on &ader was fo]]owing;\.

U ~
‘,___4___._
In these cases, ana]yz1ng and genera]1z1ng was Just dropped As .
[4
\ . . ~" . . ' .'.‘ ) , /'.
LN e T L
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\- ' mentioned ear11er, the children wanted, in the end “to know the answer(s)

5 T to t‘b\problems It was found that saylng som@th1ng 11ke> "Here 3 how

‘(ﬁ I d solve th1s6rob1em" and modeling a fs‘olut1on mode was mﬁt successfu]

” ' - At this po1nt answer(s) Was(were) gyﬁen Th1s~modg}+ng was not a quest1on- .
. a- ]

v —

e and-answer Jtime. Nor was it a lesson or bécture Rather the leader tried
to discuss (show) how one m1ght so]ve the . prob]em ‘This mode11ng\Qf a ., 'h

so]utionvmode seemed to ho]d the ch11dren S 1nﬁ;rest best and Bt rece1ved

'fff.' | W . -
“ - the most . fauprab]e response -
o ~ S ST D "
4 Other Exper1ences O e . e
3 : N
P '/' H The team had add1t1ona1 exper1gnce w1th fourth and fifth graders.
e .

- 8 by p1lot1ng ava]uat1on 1nstruments and other prob]em so]v1ng mater1a1s
. ;. that were being deve]qped by the MPSP. "The benef1t of - th]s work was
| two fold. 1) The team gained exper1ence from a c1assroom teacher 3
'L}*j‘*°-!pofnt of View by‘us1ng var1ous 1nstruct1ona1 modes ith total classrooms
T 2) As part of the evaluation 1nstrument deve]opment of the MPSP the
team part1c1pated in: p1lot1ng the 1nstruments with var1ous classrooms : B :
- ,4" One of the efforts 1nvo]ved g1v1ng a set of prob]ems to an ent1re, in-
tact c1assroom from which the ch11dren had been drawn for the spec1a1
seSS1ons An 1nforma1 attempt to sort the work of ch11dren who had )
been g1ven spec1a1 sess1ons from the other members of the c]ass was T
made It was poss1b1e to separate the1r work from the1r c1assmates
s ' ~based upon the ab111ty to generate and susta1n an attack on the prob]ems
tw-o'¢ ' Th1s 1nforma1 sort1n§‘Was not conc]us1ve but it d1d provide an indica-
| t1on that so]v1ng prob]ems might 1mprove prob]em so]v1ng ab111ty
- C". Prepfzmtwn of Matemals : \ 1
The goa] of the problem- solv1ng sessions and the ‘other work with
ch11dren had been to prov1de suff1c1ent exper1ence for the team so that g

-;;: o prob]em so]v1ng mater1a1 based upon. the central hypothes1s cou]d be

. . . - \ . N
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develoged The work with ch11dren had prov1ded the cr1t1ca1 eTements

-~ for produc1ng mater1als wh1ch would 1mprove ch11dren. .prob]em soTv1ng

ab111t1es throuﬁr_solv1ng prob1ems The eTements fhc]ude

AN

1.
v

-

Creat1on of a c]assroom s1tuat1on conducive to prob]em so]v1n .
N ay -

- To do th1s 1t was feTt that the teacher had to fac111tate :

| R o
students efforts by: . . -

.

- : N . ’ . S
- legitimizing a]]-students' attempts to solve probTems,

- aiding students only in. understand1ng the problems,

- a]]ow1ng each student to " Tlow h*s/her own sense of how '
to attack the problem, ,

. _ - not’ becom1ng 1nvo]ved 1n the probJem solvxng process per se

Afbe useful. 5.

. Each s

and, - . : , .

- achieving cTosure on respecbave probJems through a discussion
1nc1uding rev1ew, anaTys1s genera11zat1on and mode11ng

In pTace of h1nts, quest1ons wh1ch regenerated the group‘process .
N

'were to be used T ’_ = o

The opportun1ty to view samp]es of others work was thoughtfto :

i . - -

fo Ve . .
udent had to have controT w1th1n w1de deportment 11m1ts g

of his her own’ probTem soTV1ng efforts

The focus of mater1als deve]opment had to be centered on 1nteract1on‘”

;,among the>teacher, the.studenx\Band the?matertals The reTat1ve1y nove1 .
s

yet necessary teacher behav1o

noveT student behav1ors Yet there coqu be no mas$¢Ve 1n serv1ce tra1n-¢\'

were to'be3interfaoed-w1th—the>equa11y
d -

ing of teachers A way had to be found to present problems to chlldren ,

‘and th utilize appropr1ate teacher moves 1n the sp1r1t of the cond1t1ons

)'cited above These factors resuTted 1n the dec1s1on to deveTop a problem-

"g';'solvrng buTTet1n board wh1ch V1a a prob]em a- day appreaip, seemed-to

have a good chance at be1ng a pOSS1b1e Veth]e to deliver problems to W'
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. the childr€n~w7thgut a great amount ‘of work on the teacher s part. «

) The buTTef1n board conta1ned four 1nstruct1ona] parts ‘These parts
Y a )
© - of the board 1nc1ude : o e e F SRR R
- - <.
N

- ' 4. .
-~ asle "Pro em -- ocate in~the tef¥ e top an N Lhes tate-
W] np b] Y--1 d \kh Jen at th d hew Stat

.ment of the problem '-14 .,.-3 s ‘;F---‘_ _ »7 ; =~
'2,, "what Others Have Tr1ed"--Tocated bé\Q!,i"d‘to'the r1gbt of the N
\)— . . -‘.
prob}gm\statemEnt It contafhs sampTes of/pther students work
¢
e s ~‘~1~ L
7? on the problem. = | . ]’,‘,‘, PR :
_ L3 Wi Th1s HeTp?" -Tocated-belowrand to the Teft of:the probTem"
P, o E
RV S .statement : It conta1ns a group of qgesfio and 1deas that ’

heTped students’ in the probTem-soTv1ng sess1ons progress w1th

~

'the1r work on the prob]em"\-V' B S ’v b P

-

.4, "Here's7Som@ More Intere&ted?"--located in the center at the

B .: B bottom conta1ns add1t1ona1 probTems--extens1ons of .the- probTem

@
statement for students to work on. This sect1on~was added//o

4

.,encourage student 1n1t1at1ve a§-we11 as aTTow further study of *l"
T probTem-soTv1n§'behav1or L :

Perménent hd’ders .were des1gned to hon the 1nstructiona] parts

for each probTem The permanent honers were pTaced on an orange d1amond @

‘. background 'S0 that 1t Tooked T1ke fheffoTTow1ng ‘, _ SRR
?// T _ ; Have You Tr1ed Th1s%’~

T 1The title page for each of the honers was deS1gned to cover aﬁd hon
BN N S
~ sthe 1nformat10n for each part The cover for the prob]em statement was

made of cTear acetate'so that the problem- of the day was aTways vis1b1e

~;-' The\covers for/the rema1nfhg parts were made 9f bTack aCetate so that the .

— —~——_v‘%
3
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stu;;yt‘had to“iift'it'up to use the information. The title for each - 51"TﬁL~

'par was 51]k sereened on the acetate s .et'in yeiiow The use of'oranﬁe;

.

“yellow,: and biack as well as the app’ rance of the acetate made the

. LU B

'board a very attractive eiement in the c]assroom ,f"' - .l,‘ j' , K
(:\~ | ‘//%;:T whiie thé’probiem statement was a]ways v151b1e¢ the other parts i -
hy - of the board uere de51gned S0 that the studehts couid redbive oniy one- t

| opiece of 1nfonnation at t1me Fon‘exampie, the questions for "Nﬂ’l\L h i',\\

this he]p7" %ére~typed on 1nd1v1dua1 sheets of paper S0 thak if the stu-

r

. dent wanted more 1nformation he needed»oniy to iift the sheet oﬂFpaper
' }.':;. to find tH¥ next p1eq$ of 1nformat$b The bottom of the pages were _

SR vgraduated S0, that it was easier to 11ft~one sheet of»paper each t1me

Y The materiais for each probiem were stored together in a packet.

.for‘ he teacher. Each packet consisted of four pieéés of materials .

idh correspond to each of ‘the sections of the board described above

./_-

To begin a probiem, the teacher took the probiem packet,and piaqed each ”"\i

prob]em section in its piace on the board

3 N . N S : .
> CTassrobm Procedure - f . - P2

". ' B~ ‘ ’ /‘FA

A classroom procedure for 1mp1ement1ng the deiivery system w::aﬁ//’ | ' ﬁ;
. deveioped Y‘“S procedure conta1ns three steps 1) Probiem Intr tion,{

.’

A . N
~ﬁ¢'2) Solution Effort, and 3) Probiem Discu551on Tabie [,prov1des an .,
'."""“ S \_’) ’

- overview oftthe steps and a iisting of the- possxbie teacher an student

o behaviors during each step These iistings are examp]es of behav1ors .
- to prov1de a feeling for each step They are not 1ntended to be com= " '
plete on to représent the outer 11m1ts of behav1ors for the respect1ve

'/steps o 7 L e




"\Tab1e 1

' ,;' Bu]ﬂet1n Board, C]assroom Procedure_
- Step- . .- Outcome - Possib]e:Teacher'Behaviors ihPossfbléfS;udeht Behaviors;“
lf"PrdB]em,‘ Stddents%ui]]h - put prob]em sect1ons on . - read problem on board
Intro understand "boards . -~ = Tlisten to prob]em being
- problem - _ .«= present preblem to c]ass read - ,
statement - .. - facilitate discussion/ - #rite out problem }f\.
. guestion -asking re: .- .- record key information
. . o prob]em comprehension - - contained in problem
- = e - organize problem-solving +. - ask questions to clar1fy
' ~ .7+ .- . process : . prob]em L :
S : - v, - explains/reviews. board . S
T g, sections o0t
. . ..\ i . . s "
oL, S | A S o : ]
. Solution  Students.will ' - devote class tine to .= works a]one on prob]em LT
- Effort . 5 develop and try - -work _on problem ' _.° .- - reads at least one ¢
<t Y oy qat least one .- ~facilitate student efforts 7 .section. on board Lo
.. strategy for :e'> _encourage students to help - works with ‘4t least one
SR ... solving problem -each other and/or share.  peero problem/extensions '
’ : S 1deas ' o 2/ ~» '+ = discusses problem. w1th = ’
| ' “peers _ ' .
’ . _ S - works on and/or discusses”
- L S = v e, . problem/extensions with
o . ; R fam11y members, o )
.- Problem Students will -_devote 5 minytes'to . . - offer\to d1scuss own. -+ -
D1scu§%10n discuss*their .. - presentation of prob]em . process/so]ut1on(s) .
. respective .. solution ////llsten/drsouss other's. =~
' efforts. and - =-allow. students to process/so]ut1on(s)
gain new insights ., demenstrate thejr (- analysis PR
. into the problem . (d1ffergnt) solutions/ ' - generalization
! - ., . . processes . e T T
e ’ e U= a1d in.bringing to 11ght R U A
1 ST genera11zat1ons <nherent” L R ,
S~ . +.in work- on~prob1em ana]ys1s e 1;> e
R ST e ana1y51s e R O LS .
) - - - . A .y, ¥, ’ ’
. .. . i .’ L - - w'y - R ‘ ]
A ‘ S v e
"‘. Y 'v .. ’ * "; -‘ .b . | | ¢ .
TN AT \ el ’ v .
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D. TheP'z,ZotStudy ’PartI' ) L L o
While the problem- so]v1ng board concept seemed 1ntrigu1ng, the ‘J 1.(/
lack of experience with this type of instructional material caused

"many questions to arise. It seemed prudent to pilot test, on a sma]]

_basis, the instructional materials themse]ves before the*materials were
utilized to test the centra1 hypothesis. A two-stage.design was.adopted u .-'
to allow testing first'of the bui]etin board concept and'sec0nd iassuming
succets of the pilot, of the central hypothe51s (uti]iZing those materials)

“The. pilot study of the bulletin board mater1a1s focused on their

~v1ab111ty by asking the following questions ) }*\ <o A

Does the pr%blem-sO]v1ng bulletin board:

1. generate the desiyed affective set?

2. stimulate the des1rg€~1nteraction among students? '
3. adequate]y deliver the 1nformation to the student;?f"

- 4. contain enough.information to allow students to make reasonable
attempts at solv1ng the prob1ems? :

’ 4

5. contain materials the students understand and utilize?. ?~i C e
v PR

[y a k' . o '/

7. .provide problem-solving practice to the extent that it impraves ‘

problem-solving performance (in the spirit of the common]y he1d
" conjecture)?

6. ‘yield the desired teacher behav1ors?

In addition to the specific, issue of prob]ﬁl:solving;_'poard viabi]ity./
questions of what accompanying materials teachers might need and what
(c]assroom) teaching techniques workediwe]] (and not so well) were in-
cluded for examination. ‘ |
Initiaily, it was felt that observations of the problem-solving
board 1n use in the classrooms™and interviews with the participating
teachers and some of their students would provide sufficieﬁt data to

. evaluate the viability of the problem-solving board. Later, after the

- e q,
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' experience of piloting the evaluation material (see-page 17) it was
deeided tg addﬂ;“comparFSOn, on a post;test basis, of the children who
had worked the ten problems on the problem-solving board with one class
of fourth graders who had no contact with this p1lot test effort. Four
problems were se]ected representing a cont1nuum from standard textbook
problems to ‘a process problem (as d1scussed earlier). While this com-
parison was recognqzed as a nonformal and fairly crude test, it was

felt to be a fa1r'pre11mrﬁary Took at the pote t1a1 effect of the problem-

solving board
"On th1rd grade four fourth -grade and three fifth- -grade teachers
.:volunt red their c]asses for the pﬂ]ot study. A1l but one ‘of the fifth-
) grade classes were_Jocated in one schooT-which»had a population most
- .o representative of the total school district. The; other f1fth grade
| class was se1ected on the basis of ava11ab111ty These c1asses, as is
°; 'j ’ typqca] in the school d1str1ct were se]f conta1ned except for read1ng,
"‘f/ ‘ and conslsted of 22-28 ch11drgn each. The teachers represented a range

‘.

2
-',- N
v .

:f?:";_ '*f@" : oﬁﬁem packets Each packet conta1n1ng a "Problem", "w111 This

y ’fﬁeTp“ iﬁumﬁ Others Have,Tr1ed", and "Here's Somg More.. Interested?"
i~ 3
,waﬁ;ﬁETd‘together by a paper c11p, and the ten packets were conta1ned

'vin a large man11a envelope.. The packets were placed in each envelope
“in random order.

In-Service Procedure

A oné-hour meeting was he]d for the teachers after the school day
at the schoo] bu11d1ng from wh1ch the majority of classes came. (The
one fifth- grade teacher from another schooT was g1ven mater1als and

1nformat1on on an 1nd1v1dua1 basis.) Teachers had been visited pr1or

\‘l‘i - v oA . . .28
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"to the meeting and g1ven an overv1ew of the. materials. Fo]]ow1ng the
me&ting, those in attendance were asked if they wanted to vo]unteer‘to |
tryuout the newdmater1als. Seven teachers attended the meet1ng Five ) d&
”vo]unteered and three others were recru1ted at a later date. An overview
of the meeting is presented be]ow ' | “

e I. Introduct1on. The goa]s of the meeting were out11ned -as being
the;presentation of the probleni-solving board materials and the‘ “
volunteering of particﬁpants for the piiot study. Background on
the proaect as a whole and the f1rst -semester problem solving -
sessions were given at th1s t1me

II. ,Description of the prob]ems and the1r use: The three-step process
was descr1bed and some ideas regard1ng c]assroom use were d1scussed
Spec1f1c mention was made of~the‘need for the. teachers to adapt the
board to their own cIaSSrooms so that a rea11st1c view of 1ts via-
b111ty could be ‘'gained. | .

{III.' So]v1ng a problem: One prob]em was so]ved hﬁth an -MPSP person ,
~acting as teacher and the teachers 1n the role of students

IV. A question and answer session . ; . o PR

v Request for volunteers |

. Study Procedure ' o

Over a 21 school-day’ per1od four fourth- grade,nthree fifth- grade
and one third-grade class worked ten problems on the prob]em-so]v1hg S
bulletin board. Teachers conducted the1r c]asses as usual 1ntegr:t1ng
the problem-solving mater1als in the manner they saw fit. This yielded
a variety of teaching st¥1es using the materials (open-traditional class-
rooms ; teacher directggxtnon-teacher directed problem-solving sessions)

and a variety of prob]emwsolving_environments (some qudents took prob-

1ems home; some were to work on the\oroblems during math time). . The
. -

. . | . v
\ 4 ' ) .
+ " e ) .
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three MPSP people visited eath c]ass as scheduling permitted, and °"'\ﬁ'

_occasion, took charge of a-&ession to exper1ment with teach1gg modes
Informal- d1scuss1ons were he }d w1th the teachers whenever‘poss1b1e and

w  each was 1nterv1ewed fo]]ow1ng completion of all prob]ems In addition,

%tudents from each classroom were 1nterv1ewed The students 1nterv1ewed

represented the ragge of ab1]1ty and 1nterest levels found in the1r
rooms. A ' B '

Results of Pilot Study I 1

1. DOES THE PROBLEM-SOLVING BULLETIN BOARD GENERATE THE DESIRED AFFECTIVE =~ =)
SET? |

The bulletin board proved qu1te effect1ve in generat1ng the des1red
'affective set. The observat1on data c1ear1y shows that thé students were
invo]ved, interested and -enthused dur1ng the prob]em-so]v1ng sessions.

. The data also indicates that the teachers were qu1te p]eased and excited

'hby the ‘students' inferest and’ success w1th the board. | In’ 1nterv1ews, . g
teachers re]ated many instances of ch11dren checking the bu]let1n board
nfor a new prﬁBTem as soon ds they entered the rdom 1n the mornlng and
of ch1]dren s d1sappo1ntment if a prob]em so]v1ng sess1on had to. be can- "
ceT]ed because bf schedu11ng conflicts. . '

Severa] teachers were quite surpr1sed to f1nd th1s enthus1asm demon-
strated by children who typically d1d 11tt1e work (and poor quality work)
_1n class. That the ch11dren were -able to attack the prob]ems independ ly

: and'with-such vigor a]so surprdsed and'p]easedfmost of the teachers Stu-
- dent 1nterv1ews suppgrted the observat1on and teacher interview data. ‘
o The ch11dren told of their owWn p]easure and exc1tement utili%ing the /
‘problem so]v1ng board and some exp{essed d1sappo1ntment that the board

was no 1onger be1ng used It seems qurte\eyjdent that a very p051t1ve

o affective c]1mate existed in all articipating classes.
& = e
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. - 2. DOES THE PROBLEM SOLVING BULLETIN BOARD STIMULATE THE DESIRED INTER-
‘ ACTION AMONG STUDENTS’ . .- h\

‘Observation data corroborated by teacher and student 1nterv1eWs,

1ndﬁcate that there was a substant1a1 amount of 1nteract1on among stu-

“+ - dents dur1ng the "Work1ng on the Prob]em" stage In a manner ana]gous
to the earlier problem-so]v1ng sessions with small groups, the level |

and type of 1nteract1on var1ed among students and across prob]ems Yet,

there was always the hum of d1scuss1on and it was’ unusua] to observe a
period during which a d1sagreement over.a solut1on,or solution moder did
not take place. It Ts-important to note.that whﬁ]e'there was much
1nteract1on among the students the ch11dren rema1ned on task ‘ant there T

were no d1sc1p11nary prob]ems t speak of.

3. DOES THE PROBLEM-SOLVING BULLETIN BOARD ADEQUATELY DELIVER THE
INFORMATION TO THE STUﬁENTS’ o | .

' A11 three data sources agree that'the problem:solving board proved
~to be a very v1ab1e means’ of de11ver1ng/Jnformat1on to the students.

Its des1gn and color scheme were attraétav%,and\the flaps covering some//////////

of the 1nformat1on served to raise th§§5h11dren s cur1os1ty wh11e “the

_ manner in wh1ch the packets of information were he]d under the cover 'W
flaps was found to be f11msy for the type of use given the materials, -
the basic des1gn was indeed adequate for the task.

L4

4. DOES: THE PROBLEM-SOLVING BULLETIN BOARD CONTAIN MATERIALS THE STU-
s DENT? UNDERSTAND AND UTILIZE?

The problem statements in the "Prob]em"\sectlon of the board, by
genera] agreement of observers, teachers and students were quite under-

standab1e and useab]éf

The questions in "Will This HeTp?" section also proved to be fhnc-

tional and understandable. .
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. N . ~9 ' .
The samp]es(of other chi]dren's j::}~conta1ned in the "What Others

Have Tried" section rece1ved m1xed comments., Observers indicate the

vsect1on was useab]e and the samp]es seemed to be undersfbod by the ch11-

.

'ﬂdren The teachers, however genera]]y felt the samp]es were hard to

/
\

' read because of poor reprodué;Jon and not eas11y 1nterpreted Children

1nterv1ewed sa1d they could read and understand the samp]es but that

genera]ly,the sect1on was: of Tlittle he]p Exam1nat1ons of student papers

and ana]ys1s of the 1nterv1ews led to the conclusion that while teachers

1

did not ﬁEcessar11y understand (or 11ke) the samples of student work,

the ch11dren d1d Further, wh11e the ch11dren could perce1ve no direct

‘aid being prov1ded .the samp]es 3id he]p prov1de the. fee11ng of contro]

. -over the problems In the end then the "What Others Hate Tried" section

d_ seemed to be’ funct1ona1 and understandab]e

" Student 1nterview§ c]ear]y showed _they d1d not use the sect1on and a

“Here'%LSome More..;Interested?" prob]ems received 1ittle atten-

“tion wh1]e t e‘hoard was in use. Teachers 1nd1cated they gave little

£

J/
. attention to th1s sectTon and did not rea]]y understand its. funct1on

~ -

fma1n reason gqven wasvnotlknow1ng what it was about For whatever the

reason, the funct1on1hg of " the “Here s Some More.. Interested?" sect1on

was not c]ear to- the oinilc1pants and the sect1on nevér got enofgh use

to be evaluated. ' o

™ a

5. DOES ThEVPROBLEM-SOLVING BULLETIN BOARD CONTAIN .ENOUGH INFORMATION

TO ALLOW STUDENTS TO MAKE REASONABLE ATTEMPTS AT SOLVING: THE PROBLEMS?

The answer to this quest1on requlres some extrapolation of the_ob-
‘, ’?n“/

servat1on and 1nterv1ew data This Ts: a]ways a risky and potentially

~

K
1ncomp4ete bu$1ness. Suff1ce it then to say that no one was able to

suggest additional’ 1nformat1on to~]nc1ude on the board wh7ch would further

-.enhance its performance : T .
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_— 6. ' DOES THE PROBLEM SOLVING BULLETIN BOARD YIELD THE DESIRED TEACHER

~ BEHAVIOR? . o - , s
EE"EE\;t>~ | ‘Although the‘experience and styles of'the participating téachers
"_. ' varied, a uniform pattern of techniquef evolved for the problem-solving
board use. - R ‘ I Y | _

AN teachers read the prob]em statements to’ the students and re-
sponded to. comprehenS1on quest1ons Quer1es d1rected at spec1f1c so]utfon“‘
modes, e.9g., "Does this mean add?" or at answers, e.g., “Is it 8?" created

_ some discomfort.” A11 teachers guickly (by the third or fo rth problem) °
'fg | , deVeEEBEd responses~whfch did not answer these questions_and did not
‘ create d1scomfort for either teacher or student By the end of the p1lot
test, th1s stage was going smoothly and as. expected
The secwag‘stage of "Work:on the Prob]em" a]so created some 1n1t1a1
uneas1ness in the teachers The unfam111ar feel of the new materials
) {y coupﬂed with a degree of skepticism regaﬁ&nng the ch11dren s chances of s
‘;if;kﬁ> :success contr1buted heavily to this fee11ng Yet, throughout the p11ot .
study, thelteachers rema1ned apart from the students efforts and rex~ .
"d1rected questions to either the*board 1tse1f or to other students .
| thrases like "I can't tell you if 1ts r1ght but you m1ght check wuth
_Eshene]da to see if‘she-agrees with‘you;" and "Would it heTp.iftyou checked j
the board?" were deve]oped by}all teachers. Having this type of phrase
ava11ab1e and seeing “the children's enthus1ast1c efforts had the. effect
' of mak1ng the teachers more comfortab}e w1th and staying apast from the
chi dren s efforts. At the end of the study, this stage was also going s
as désired. | | )
‘ The third (and f1na1) stage, "D1scuss1on" was, ]1ke the, preced1ng
. two. stages, an uncomfortab]e one‘&or teachers 1n1t1a1]y They were unsure N °

3

how much input they were-to prov1de and whether or not the "right answer(s)"

~

. ! were really to be given. Not knouing the right answers—addEH_toxthe

!
-
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- V:uncerta{nty. As'theipiIOt studY'Progressed, the téachers w(f;°;L1é to:‘h’ i
. feel at ease with the review pf'the chfldren's problem so}utions One
“or two of the ch11dren were able to successfully model a so]ut1on mode. ’ _i'
'Generally, the review cons:sted of check1ng work that ch11dren put on
the board. Wh§1e success with analysis and genera11zat1on was expected
‘_'to be m1n1ma1 and the teachers were told th1s they also agreed that .
attempt1ng these activities was important. Yet once‘the review/of the
ch11dren s work. was comp]ete no one was able to make reasonabTZVefforts
at- ana1yz1ng or genera11z1ng A quest1on 11ke, “Does anyone see anyth1ng

(
else in this problem7" wou]d rece1ve no response a/d the matter was .left.

Further, the teachers were unab]e to ach1eve what ‘the observers felt was
‘sat1sfactory closure. Genera]]y, the prob]em so]v1ng sess1on ended with
'the commenc1ng of another lesson , A summary of .a given prob]em was seldom
’.done and when attempted, was’done poorly.. It must be kept in mind, however, .
that this 11m1ted rea11zatlon of the D1scuss1on stage d1dﬂﬂot affect the
other two stages of the prob]em so]v1ng process 1n a dqscernab1e way.:
'Wh11e attent1on and effort must be g1ven to 1mprov1ng the D1scuSS10n stage;'“
cgut1on must be app11ed SO as not to dampen the affective set deve]oped
and 1ose'the open approach the prob]em -solving board is able to generate
| The issue of teacher mater1a]s became the most frequently and vehe- f
mently addressed issue exam1ned From the in- serv1ce meeting through the
end of the interviews teachers unan1mousJy stated a desire- for, at IEast,
~the answers to the problems. An 1nterest1ng pattern related to this des1re
___,{- was described by these teachers During the f1rst few (2-4) prob]ems, the
teachers felt a qreat need for answers radually, this need d1m1n1shed

,and, while tkbvrequest for answers remaindd, few specific, reasons were J

given for the request-and no other mater1a1s were requested.

Y

r
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7. DOES THE PROBLEM .SOLVING BULLETING BOARD PROVIDE PROBLEM-SOLVING -
PRACTICE TO- THE EXTENT THAT IT IMPROVES. PROBLEM SOLVING PERFORMANCE7

‘The post- test compar1son of work on prob]ems done by participants
1n the p1lot study w1th those who did not participate supported the’
ear11er finding that so]v1ng prob1ems in the manner descr1bed dOESV\m-
prove prob]em so]v1ng performance By exam1n1ng the post- tests to see -
whether the ch11dren s work (on paper) would, demonstrate ah ab111ty to '

note pert1nent prob]em character1st1cs and utilize at least one of the

appropr1ate strateg1es, members of the Ind1ana staff not directly in-

.vo]veq&nn_the'p11ot study were able to 1dent1fy 64% of the _children who )
~ participated in the pilot. In contrast, oniy 27%‘of the non-participatingi
- children were identified as:demonstrating these abi]ities.‘ This identi-

fication was informal in the sense that no Statistically'reliab1e criteria

[

exist. VYet, \Qe cons1stent differentiation of the work on paper of the

children. who had been 1nvo1ved with proaect prob]ems*from those who had

" not cont1nues -to prov1de a strong suggestaon that so]v1ng prob]ems im-

roves rob]em so1v1n ab111t . W .
P P ,g v e

S

The cenSra] goal” of the p1lot test was to test,zhe v1ab111ty of the
problem-solv1ng >illetin board. The goa] was accomp]1shed; The problem-

solving bulletin board was shown to be a viab]e means of delivering prob]em;

solving. materials to the students in a manner that y1e1ded open and 1mag-
_inative efforts at so]ving prob]ems Suff1c1ent‘1nformat1on was presented

“in an'appea11ng, understandable and useab]e fash1on th\\\students 1nter-

acted with each other and their teachers in a desirable and product1ve

1

manner. Data regard1ng teacher behavior ‘was 1ess abundant and, therefore,

‘not as conclusive. Since thé desired student behaviors were seen, one

' . - ‘ . R \
can to some extent assume that the desired teacher behaviors d1so occurred.

Yet the data that does exist sufgests that/the Discussion stage of the

o
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'.pr b]em so1v1ng process m1ght not be as well deve]oped by the teachersL

1t m1ght have been C]ear]y, abetter p1cture,of teacher behav1ors
is needed before any solidly, based recommendat1ons can be made. |
It.seems clear that teacher materials, in the form of answers, are

: - .' . needed. A]though the need, on the part of thg teachers, for mater1a1s

decreased dur1ng the p11ot study, the ava11ab111ty of answers seems to

" "' be a necessary (and reasonab]e) f“orm of sesu.Lty for the teachers ’It

S shou]d Pe noted that with a minimal (1 hour) amount of in-service' work
the bu]]et1n board and no teacher mater1als did y1e1d with the possible
'except1on of the Discussion stage, the desired teacher behav1ors -
The mechanics of the prob]em so1v1ng buHet1n bogd worked smooth]y

< 'The packets were easy -to put up and take down Storage of packets not-
in use was somewhat 1nconven1ent and awkward. A change seems'indicated.

. The‘flaos over the varfous sectfons of the board worked well though the(

”-strips of “acetafe ho]ding:thelpackets under the flaps do need to be -
" secured more firmly. While <t is‘ciear the prob]en-soTving board worked

 well, ‘how it was utilized is not known. Que%t;ons 1iké which sections

o

generated more use re- &’

were most utilized and whether certain probl
ma1n to be answered In a sense,,t&e next level of quest1on$ about use
- of the prob]em so1v1ng bulletin board ‘were ready ‘for examination.
Finally, and a1though the p1lot was'not primarily designed to look
at student chigge the d1fferent1at1on on the basis of work on paper of
the ch11dren who part1c1pated 1n the p1Pot study from those who did not
prov1des ah 1nt1mat1on that the type of open and 1mag1nat1ve effort at
so1v1ng prob]ems prov1ded by the problemesoIVing bulletin board does,
1ndeed, 1mprove prob]em solving ability. This pre11m1nary f1nd1ng sug-
_gests b rather powerful_potent1a1 for this type of 1earn1ng and certa1n1y ;.
suggests the fru1tfu1ness of pursuing the 1nqu1ry 1nto both Lhe problem- -
so]v1ng boafd and the hypotheS1s that ch11dren s prob]em so]u1ng ability

is 1mproved by so]v1ng prob]ems
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A Comments S o S

Al efforts to th1s po1nt had been directed toward ‘a forma] test
of the hypothes1s that so]v1ng prob]éms w111 1mprove ch11dren S prob]em- ‘
- so]v1ng performance Work had progressed well and a suitable set of
_ mater1als had been ‘developed. While some questions about the prob]em-
so]v1ng bulletin board d1d ex1st they cou]d be ansvered in the test1ng

A

: _of the hypothes1s Al systems were go except one.. At this po1nt

R ‘notice was g1ven that fund1ng for MPSP -would be term1nated at the end
o ~of the academic year. o ;f : i
;‘. It was immediately cleartthat-there was not sufficient timezavailable-'

for a thorough test of the hypothesiS’to occur. Something 1ess .compre-

C
1

hens1ve would have to occur }n the rema1n1ng time. It was dec1ded (after

”

some,de11berat1onsz\:2/5ttempt to gather,the ‘information about the prob]em— '
so]v1ng bulletin boa

to fill 1n the gaps from the p1 t study : A more
forma] test of the central hypothes1s wou]d have‘to‘be'delayed for another

t1me and another proaect

. The Pilot Study - Part IT . N A )
S
Part II of the pilot study was des1gned to examine in greaterodeta11
\
_,7the work1ngs of the problem-solving bu11et1n board re]ated to the centra]
.Igr' .

< hypothes\s‘tﬁat problem- so]v1ng performance will be 1mproved by so]v1ng

A'A_problems Spec1f1ca11y, the second study focused on. the fo]]ow1ng que!taons

1

1. Does the problem-solving bulletin board y1e1d the des1red teacher be-

{.\ L] v - (15 ;‘«

havfors? Special attent1on to the D1scuss1on stage of’the c1assroom

AN prdb]em so]v1ng procedure was essential to confirm or refute the rather J
k . ..

& sketchy data from the first study. Furthgr, a clearer picture‘of the.
. Discuss1on stage would permit a better study of - the who]e of teachers

behavior and the c1assroom_prob]em-so]ving procedure.

o \ .
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2. Are answers suff1c1ent as teacher materials? Th1s issue fo]]ows

, direct]y ﬁrom the flrstgftudy and séem;\se]f ev1dent

3. What use is g1ven to th partsé%f the, prob]em so]v1ng bu]]et1n board?

-'-'Wh1]e the f1rst study demonstrated that the ch1]dren did use the

"

L bu]]etln board, no da;a was ke\f‘as to’ the use which the reSpect1ve ..
parts rece1ved or to any patterns of use--of e1ther the parts or the
who]e—-that may have deve]oped Counts of the _use of the respect1ve'

’ parts of the board over the course of a study cou]d prov1de va]uable
-1nformat1on on the effecﬁhveness of the bBard and the growth of the
;chi1dren's skills.’ o SR ~’! S '

4,”;Cou]d 1ns1ght be ga1ned into the va]1d1ty of the centra] hypothes1s

’1"_  that problem- so]vrng performance will be 1mproved by solving thej
L =

7

: bu]]et1n board prob]ems’ Wh1]e 1t was fu]]y recogn1zed and accepted

that no- conc1u51ve4answen to the questTon of student growth was poss1b1e,

';;??an ewp]orat1on of the issue was felt to be reasonab]e ',C]ues ga1neﬂ
) : from this type of.exploration might. prove qu1te usefu] at ‘a later date
uParenthet1ca1]y, it might be added that attent1on to ga1n1ng some in-
"}_ IIS1ght into the va]1d1ty of the hypothes1s was aIWays present in’ the
1nvest1gators focus..
< Materfals ' T\ | .

- . N . : . - " \.- . . . ‘ \_ .
The bu]]etin board was kept intact with one. chanﬁe The "Here's -
'ySome More Interesfed?" Sect1on was e11m1nated and rep]aced w1th "What

“"You Have Tr1ed" This new section was. a blank space-out11ned in ye]low

' and was. 1ntended for student work Those students who wanted to* share
S \ o .
their work with others had a p]ace to put the1r work. _ N

B
Teacher mater1a]s in the form of answers were deve1oped ‘A s1ng]e

sheet . for each prob]em wgs wr1tten The sheet conta1ned tht;answer(s)
S : T

. for a prob]em a]ong with the fo]]ow1ng rem1nders

\
‘ -"’
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7. 1. Make sure everyone understandethe problem.
«

2. Work1ng on the problem is more 1mportant than gett1ng a so]ut1on e
® Let the children "mess" with the problem

- B ';N'3. Encourage chi]dren to ta]k w1th each other and work together .
Mo o Lif they want.

- . . T . . ) *

- -, [

.'4; 'A]]ow and encourage—as much use of the bulletin board as poss1b1e

2.

) : A]so, al] prob]em packets were iaced in a sequence in'a three- r1ng b1nder

8

";__' F1na11y, the number of prob]ems was. expanded to f1fteen, Fourteen ° *

*

*of the prob]ems were chosen as seven pa1rs w1th .each pair of . problems

R

_ be1ng Judged equ1va1ent Pa1r1ng the prob]ems was done to facilitate an

s
£

3 ~

unobtrusive examlnat;on of student change N T 4

. \
" Design, - . - v '
e___ﬁL_ / p
- - Essentia]]y,the design that was ut111zed for the first study was
" ut1L1zed hetre. 0bserVat1ons were coupled w1th 1nterv1ews .of both the

teachers_and the students.>.In th]s-study, teachers were schedu]ed 5

“their convenience for use of the board and a more detailed observation
¢ L , . .
X N -

protocol was developed. -
1 Two add1t1ona1 1tems were added to this de§1gn F1rst for each

'problem in the lower right- hand corner of each sheet -of "N141 This He1p7"

.

. r

b and "Nhat Others Have Tr1ed"'a gr1d for students to chEc“‘ S p1aced;

. . -Students were to check each t1me they read a sheet A ta]['fof'the checks B
| wou]d provide.the needed data to ana]yze 1n deta11 use of the board- r ,‘
S Second]y, the pa1r1ng of the probPems was 1ntended to’ prov1de a basis -
_ for exam1n1ng student change. Prob]ems were pa1red o) that numbers 2
and 15, 3 and 14 4 and 13, etc s were equ1va1ent Nork on the pa1red
| prob]ems was to ‘be examined for change and 1mprovement. The first prob- .

lem was intended solely as a warm up and was selected for thatﬁpurpos?.

¢




fourth -grade rooms were in one schoo] One f1fth grade was in.-another

‘§§@El§ R E . e o R :

Six cTassrooms frbm three schooTs were used’ 1n th1s study Two

B

“ and two f1fth-,and one s1xth -grade rooms were in the th1rd The fourth-

- \

and f1fth grade rooms functloned 1n ~a fash1on s1m11ar to the cTasses in

’

Ht e f1rst study and aTso contained 22-28 ch11dren The Sﬂxth graqe was

math class 1n a departmenta11zed m1dd1e scho6l. It had 16 students

Taken as a group, the six cTasses represented the range of character1sths

" in the schooT d1strhct The teachers were representatﬂve of the range o
of styles typ1ca11y found. g . T L
Procedure II.’ -(’ " |

-,

The distanee ‘hetween the’ school’ bu11d1ngs necess1tated hon1ng

three in- serv1ce meet1ngs Teachers had been recru1ted pr1or to the

_ meetings sq, un11ke therf1rst study, the sess1ons were d1rected entirely

at Ihe teachers ga1n1ng an, understand1ng of-and feel f%r the probTem-

. -§o]v1ng buTTet1n board system. “Each sess1on covered'the same topics and

.'.each rema1ned on an “informal basis ATT meet1ngs Tasted 45-60 m1nutes

[

The - 1ssues covered‘dur1ng the respect1ve sess1ons were

I1I.

7 o fT.

'.501v1ng buTTet1n board, its parts and the prob]em soTv1ng classroom

. the teachers had.

.SoTv1ng a problem: The f1rst probTem 1n«the cTassroom sequence

- Introduction(/-The concept and goals of the probTem soTving buTTet1n ?

board were descr1bed ‘and background .on the study was g1ven

. ‘Descr1pt1on of the board A de&ﬂ%qed descr1pt1on Qf the probTem-

%
+ *e hd

PPOCedqpe was provided.

[}

was solved by the teachers who assumed the roTe o* students _ The-'

, Ind1aﬁa personneT pTayed teacher },ﬁh o

Question and answer The Indiana personneT d1scussed any questlbns

/

P .
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= Qver a twenty'school -day per1od the . swx c]asses worked on the fif-

teen problems. Four c]asses comp]eted all problems; one c]ass comp]eted

thirteen; one completed fqurteen. The teachers adapted the materials

‘ as they'saW fit and;conducted the problem-solving sessions at a set

time each.day. ‘This permitted_more frequent and more thorough observa-

tions of the probiem4so1Ving bu]]etin,board\sxstem in action than. the .

previgus bi]ot.e_ ta
Results . | |
1. DOES. {hE PROBLEM- SOLVING BULL TIN BOAﬂD YIELD THE DESIRED TEACHER ,/
BEHAVIORS74p N X .

q,

‘The primary focus here'was to be the confirmation and detailing
of "the sketchy initial findings that 'stages one (Introduct1on of Prob]em) \
and two. (work1ng on the Prob]em) went as expected. At stage three (D1s-

' cuss1on) the observat1on ref]ected a var1ety of behav1or rang1ng from
1ittle more than review of the ch11dren s work to extens1ve ana]ys1s
Essent1a11y; what was observed added to-and conf1rmed the 1nformatJon N
from the first study The teachers exper1enced a general uneas1ness
dur1ng the first two or three prob]ems Th1s gradua]]y d1m1n1shed Dur-
1ng the f1rst stage the teachgrs exper1enced some doubts regard1ng how
much 1nformat1on they should give out As more prob]ems were worked
the bouhdary was estab11shed and no d1ff1cu1t1es were encountered ) 1\ ’

The second stage, Work1ng on the Prob]em, went qJ\te we]] Tﬂe

teachers were, ab]e to rema1n outs1de of the ch11dren s prob]em -solving

¢
_ efforts’fi In1t1a11y, the teachers had some d1ff1cu1ty in not answering (
' quest1ons d1rected at so]ut1on accuracy or solution modes But as thé. ?

——

students' successes in work1ng on the prob]ems became more eV1dent, and

-

.

as the teachers became more familiar and fac11e w1th the needed techn1ques, _

~ this issue was resolved. Phrases Tike, "I can't tell you that but you

.



R AR

. " B
: .
] . .
:
, .
L
)

may want to check itwith;Hermiué*/Lnd "Have you checked the board’"
became part of the teachers' repertoire and were quite successful .in L
gett1ng the children back 1nto the prob]em so]v1ng process. .The

teachers’ genera]]y reported a decrease 1n sfident quest1on1ng dur1ng

th1s time, ° - . ‘

| Dur1ng the th1rd stage, the teachers generated -a discussion of the
work the students had done. Genera]]y, this took the form of having a
few (4-7) studefits put "their work on “the board and d1scuss1ng it. Th1s )

”"discuss1ng“ ranged from a mere check -for accuracy to a broad ana]yS1s

of: strategies used One of the teachers cons1stent1y deve]oped th1s
: ‘ stage by Tooking for patterns in the respect1ve prob]ems and relation-
~ - /-
ships between prob]ems This was part of her. style and her ch11dren

. seemed fa1r]y able to understand her a§t1ons In draw1ng out these .

-~

‘patterns, she- pr1mar11y deve]oped ideas that the students had ra1sed
in resporfse to her quest1on1ng That they d1d respond at all 1s note-
worthy. .Although a]] teachers had to review the problem statement when T
"stud work was be1ng exam1ned one teacher placed Spec1a1 emphas1s on
th1s point start1ng W]th the fifth prob]em (Prior to th1s, the D1§buss1on
'r‘ ' cons1sted of hav1ng prob]ems put on the board and checked ) He constantly
related work on the problem to the cond1t1ons of the prob]em He a]so
.began mode]ing a so]utionimode in the manner suggested Dur1ng the model- f;
ing- he also emphasized the necessary match . between h1s actions and the |
f:‘ prob]em constra1nts These latter two teachers clearly made an attempt
ot to ut111ze the D1scussion sect1on 1n a more mean1ngfu1 way One did "
.Hso in the manner described dur1ng the 1nserv1ce the other in a manner
. more to his own sty]e and un1que to this po1nt Both methods seemed to
finvo]ve a reasonab]e portion of their respect1ve classes and, to th1s
'extent, were successful in enr1ch1ng ‘the d1scuss1on _stage of the prob]em-

) so]ving process L L _"'

*




: ‘1‘!he 1nformation, she was able to say "I don't knowf_and redirect the

- 38.

while there was a range of teacher behav1ors in u51ng the prob]em-
so]ving board, it is 1nstructive and of equa] 1mport to know that a11
teachers felt quite comfortab]e with the materials and a]] were ab1e to

adapt the prob]em SOIV1ng board to their own teaching sty]e

| 2. ARE ANSNERS SUFFICLENT AS TEACHER MATERIALS?

Prov1ding answers to the teachers seemed to be enqugh teacher ma-
terials." The teachers stated that they referred to the answer sheets
only‘during the.D1SCuS$10n stage,though a few d1d indicate‘they checked

the numbgr of Solutiens to multi-solution problems before the problem

'_went‘up-on'the board.VIOne‘teacher who began by reading the answer sheet

before the prob]em went up stop/ed doing this because - she ‘was prone to _

give out a11 1nformation she had (in her head) In effect by not knowing
@
chi]dren 0 the bulletin board or their peers. Answers, then provided '
the needed support and no teacher requested or thought of any other ma-

terials that would be helpful. -+

’: 5., NHAT USE IS 'GIVEN TO THE PARTS OF THE BULLETIN BOARD? L

The check off system in the Tower right hand corner of the sheets

N

on the prob]em-so]v1ng board failed in gathering data on use. of the o

board Teachers, genera]]y \did not remind the students to use the

grids Nhere reminders were given the 1nstructions varied from reminder W

~

“to reminder Observations and 1nterv1ew datacagreéfthat use of the’ grids

was inconsistent and erratic

. Observation reparts show that with the first problems, the prob]em

statement was probab]y the most used part of the board Students read ﬁ

v and reread the prob]em apparent]y to c]arify their understanding even
. after the Introduction stage L Gradua]]y, this concentration of energies .

Q;seems to have dissipated to where therprob]em statement received.Jess

attention thana.he other parts of the board. co

43
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The overa]] use of the board d1m1n1shed over time also. " This was
' espec1a11y true when the second of the paired prob]ems wer: done. .The ;
fch11dren commented as soon as the probIem was presented that they had had-
'one like that- beforel They were able to- proceed with 1ittle attent1on :
..to the board. . - : 'b o o .
. The function of. the board seemed to vary from ch11d’to child. éome :
~children 1nvar1ab1y checked a]] parts of ‘the board before working on the
\ prob]em Others checked 1t after ‘their work was - done - Some did. not |
seem to use the board at a]] 0thers used it on]y on :ome problems.
,-(Whether those who did not use the board got the 1nformat1on by ask1ng
others 1s not known. ) It seems that not on]y is a better record- -keeping
"I ~ system needed but that some stud1es of 1nd1v1dua] students’ use of-the
'board wou]d a]so be he]pfu] 1n determ1n1ng its actua] funct1on for the
7ch11dren S ' ' ' _ - s

4, COULD INSIGHT BE GAINED INTO STUDENI GRONTH AS A RESULT OF USING _ :_
A . THE PROBLEM-SOLVING BULLETIN BOARD?

The des1gn ca]]ed for compar1ng students wr1tten work on the pa1red
- prob]ems . It ‘was hoped that some pre11m1nary ideas about changes in work
f_as a resu]t of. work1ng on the board cou]d be ga1ned < In fact, pre11m{nary i
;.ldeas were developed though- not a]ways in the d1rect1on anticipated.
From the work on paper wh1ch was handed in, there was some d1scernab]e
_vchange from the f1rst to the second prob]em of the pa1red prob]ems A
sma]] but conSIStent number of ch11dren showed some 1mprovement in the1r
: work Th1s prov1des some small sense that growth 1ndeed occurred |
A stronger fee11ng of student growth came from the observat1ons and |
-‘1nterv1ews with teachers and students A1l of these. sources,agree that
the ch11dren s behav1or in each case -on the second qf the paired prob]ems
- was gross]y d1fferené than on the f1rst Immed1ate]y after hear1ng the .

VA
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second problem, comments 1ike “We)ve done this one befOre except the . -

days: are different" were made Little attention was given to the board**

‘Conversations w1th peers changed from abstract d1scuss1ons of potent1a1

paths to_matter-of-fact work with a-known so]ut1on mode. In terms of

‘the definftion (see page 2), . the second problem statement,had ceased

- to be a'problem The path to the so]ut1on was known " That a problem

type should become a painless exerc1se and not a prob]em after on]y one

saniple %rom the group is most 1mpress1ve Learn1ng and retent1on at

1east for a 17;day period . (th1s was the longest per1od between a pa1r
of prob]ems) most certa1n1y happened f*

For some children the first set of paired problems prov1ded an

-adequate growth opportun1ty, No further growth was effected by the

second Set.. For other ch11dren the second set of pa1red prob]ems pro-

v1ded another growth exper1ence At the end of the prob]em sets 1t

W)

appeared evident that no add1tJona1 growthjwou]d take p]ace w1thout'some ‘

~

néw 1nf1uencing factor.

-i'ANALYSIS/DISCUSSION R

The second study succeeded in prov1d1ng a more comp]ete p1cture

.of teacher behav1or in relation to the prob]em-so]v1ng bu]]etln board.

; This p1cture shows a]] teachers ab]e to perform as des1red for the_

4 Introduct1on and=work on Prob]em stages. The, D1scuss1on stage showed
-varying levels of deve]opment by the teachers ‘This is not a totally

%'unexpected f1nd1ng. Teachers are not typ1ca11y requ1red by most téxts

rto lead the students toward analysis and genera11zat1on in the manner

des1red in the pnﬁblém-solv1ng bu]]et1n board. Further, it is unreason-

’ab]e to expect i one- hour 1n serv1ce meet1ng to &rov1de adequate tra1n1ng ‘

Na

1n such techniques ‘In sp1te ofhthe varlance 1n the Discussion stage,

‘.-the des1red student behav1ors did occur and there is a strong 1nd1cat1on

R j ‘4;;
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.1’7“\',"-that growth also occurred sAny act1on to prOV1de more substance to
| | ’the D1scussion stage shou]d proceed with caution. Too much emphasis
on 1t could dampen the overall effect of the prob]em so]v1ng board A
u.balance must. be achieved between theoret1ca1 thoroughness and emp1r1ca1 >~
. success The kéy to. th1s ba]ance most 11ke1y~11es.an the students’
'_exc1tement and enthus1asm in work1ng W1th the prob1em so]v1ng board
_ “Using on1y answers as teacher mater1als was successfu] Wh11e it
. ‘se S feas1b1e that some additional mater1a1s m1ght help ease the d1s-‘
| comfort the teachers felt in the. first few days, none of the teachers;ﬁ
: ‘~r “could 1dent1fy any They all agreed that the exper1ence of those f1rst
) prob]ems was more 1nstruct1ve than any pr1nted m&ter1als ~' - i\,
" The fa11ure of the _Ccheck- off gr1ds was a d1sappo1ntment | Re11ab1e
hard data could have prov1ded 1nterest1ng and valuable 1nS1ghts into
|f ';the use of the board and }ts component parts In retrospect the ex-
,utvjf pectation that the ch11dren.wou1d consc1ent1ous]y check the grid seems °
onJ‘;i_”unrea11st1c ‘A more funct?onaf system needs to be dev1sed
& '- Yet some va1uab1e 1nformat1on, soft but valuable, -was, ga1ned re-
garding use of the prob]em sol‘igg board The heavy reread1ng of the
prob]em statement dur1ng the 1n1t1a1 prob]ems and the gradua] taper1ng
,off of th1s act1v1ty is 1nterest1ng If one assumes the prob]ems to
'fbe of rough]y-equa] d1ff1cu1ty, it seems that the students became more

1.

able to pick up the 1nformation cr1t1ca1 to the prob]em soTut1on dur1ng

in understand1ng key 1ssues 1n

Y

. a problem statement is a]so suggest d by the overa]] decrease 1n the

the Introduction stage Increased ski

use of ‘the - board A11 other factors e.g., 1nterest Tevel and success,

being equa], the need for the ass1stance of the board seems to have
| 'dimfnisheda That the chi]dren began Took1ng at the board after they

~had worked the prob]em to. their sat1sfact1on suggests a cont1nued need

-
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| for/the board and .a rather. interesting set;of.]earning styles.
It seems clear to the’inyestigators'that the‘central hypothesis
that merely solv1ng problems does’ 1mprove problem s§1v1ng performance - _
”was substant1ated at least as pract1ced in this study . Whether the |
three procedural’ stageé (problem presentat1on, solut1on per1od and
” jdfscussion per1od) are essent1al elements, whether the part1cular set ,h
' of problems or whether any of the other factors present in th1s study |

b .
'are'essent1al rema1n open quest1ons. A fuller 1nvest1gat1on of the ' ;.'

‘13 ) 'central hypothes1s should be carr1ed out. One may 1n turn ask 1f 1n- 1;
' struction can and/or should be employed to . help the students move “on
to more soph1st1cated levels of thought and, 1f S0, what 1nstruct1onal
mode is best suited to do th1s. , | |
F. Swrmary Coments/Research InrpZications | _' | ‘
The effort described in this report represents .a year- long attempt
"(1975 76) to gain 1ns1ghts into ch1ldren s problem- solv1ng efforts through
'.an exam1nat1on of the hypothes1s that problem solv1ng performance is 1m-, ‘
proved by solv1ng problems ‘This sect1on briefly summar1zes the most
'1mportant 1ssues deaTt. with dur1ng th1s effort and. provides some - 1mpl1-'
cations for future research suggested by each issue. ; | f
A11 the thildren 1nvolved in attempt1ng to solVe the var1ous.prob- E
'lems were able to. employ, at some level of sophist1cat1on ‘the appro- |
;.priate problem solv1qg strategies. . This was done w1thout formal in-
struct1on 1n the strateg1es That children.do employ the strategies
| opens the quest1on of what qtrategles are employed most commonly'by ‘*
| (A children and wh1ch are used most effectively - SR A
. The affect seen: was‘generally and cons1stently h1gh Thelchfldren-*
~ enjoyed working on the problems and were’'motivated to make serious and "
'fsustained attempts to ach1eve solut1ons The factors prec1p1tat1ng this -
" response remain to. be del1neated and analyzed thoroughly

¢

B
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. _.The problem;sOTVing buTTetin'board was successfu] {Studeltsweré
v.able to employ .the des1red strateg1es and they were’ ﬂpt1vated to work
on the prob]ems Affect was good Further, the board was adaptab]e
to a var1ety of c]assrooms and teach1ng sty]es Th1s fn1t1a1 success -
with one type of curr1cu1ar mater1a1s strong]y suggests tﬁe va]ue of a.
'j broad sca]e deve]opment and study, program on an- ongo1ng bas1s

Throughout the year, the d1fferent groups of students who part1c1-
pated 1n the efforts described herein demonstrated a ]eve]1ng phenomenon
that was rough]y similar for respect1ve grade Tevels For example,
genera]]y speak1ng: the fifth- -=grade students who participated in the :

~initial sma]] group workc those 1nvo]ved in the first pi]ot study, and

‘those’ 1nvo]ved in the second pilot study a]] reached the same level of

"»soph1st1cat1on in problem so]v1ng The use of . forma] 1nstrumentat1on

to va11date this f1nd1ng is a needed step Further, 1f the findings

are- va11dated as ant1c1pated the- reason for this 1eve11ng phenomerion

wou]d rema1n to be uncovered Fo]]ow1ng in this line’ are 1ssues of what

new mater1a1s and/or strateg1es could be emp]oyed to move the students.

,beyond the leveled degree of prob]em so]v1ng soph1st1cat1on |
F1na]1y, the centra] hypothes1s thaﬂjproblem so]v1ng performance )

can be 1mproved by so]v1ng prob]ems rece1ved sfrbng, cons1stent and

'_ cont1nuous support throughout the year‘]ong effort Over two hundred

' students from three grade leVels so]ved a variety of prob]ems that em-‘“

p]oyed a variety of problem- so]v1ng strateg1es Forma] 1nstrdct1on was

never de11berate1y emp]oyed and yet all students, v1rtua]1y w1thout ex-

' }cept1on, 1mproved to some extent in e1ther or both the cogn1t1ve and

L affective doma1ns The fruitfu]ness of study1ng prob]em solving via

'f-exploration of this hypothes1s is forcefu]]y demonstrated by f1nd1ngs

‘presented throughout this report and by the wealth of potent1a1 top1cs
N ’
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generated. by the exploration and sketched above. - Although much work
" remains, a small but valuable step toward understanding and improving

chiidren“s~prob1em-soiving-performance was made through focusing on this

' hypothesis _
7 .G. Some Conjectuneb ReLated to Chttdnen s Phobﬂem Solvtng
o ._ The report of the 1nvestigation on iearning to solve problems by
soiving problems ‘contained in the preceding sections was based in part
fonvobservations and conjecturesfmade during the 1974-75 year of MPSP.’
The observations coiiected and conJectures made during that year- formed

the basis for many of the activities of the year 1975 76 duriry which -

ﬁthis 1nvest1gation took piace

In 1974=75 -the observations of chiidren S probiem soiv1ng efforts

. were made in three ways

1. by watching 1ndiv1dua1 chiidren and groups of children as
- they solved problems; _

2. through anaiysis of the'chiidren's written work'

.3, through interviews with chiidren regarding their work in .'"
) probiem soiv1ng L _ : 1

' > : e o
The observation of the children'was 1imitedzto fifth-graders so

that deveTopmentai'factors would play the ]east;possibie'rOIe.

' _Probiem Soiv1ng Ses51ons ’

Problem- soiV1ng sessions with the chiidren generaiiy were of two
‘ %-'ktypes (])robservation of children working aione,_and-(z) observation'
.of chiidren workingfin groups'Of'%hree'or four In a few instances; |
g-.é-tsiightiy 1arger groups were observed It was anticipated that children
. might perform differentiy when they worked in groups than when they-
E worked aione The observers role during these sessions was to present ’

1the prob1ems to the chiidren, to answer questions about the meaning of

words or terms, to ciear up. misconceptions about the problems if they

' ﬁ}f4£;ht




‘arose, and to encourage the children to write down or talk abofit what

_they were doing or thinking. In most cases, the sessions were audio-

[

‘tape recorded for -later ana]ysis In addition thé observer took “notes -

to supp]ement the tapes.- The chi]dren wére. proV1ded with paper and

' ,penciis if necessary and any materiais relevant to the prob]em For

certain prob]ems concrete a1ds (ch1ps, b]ocks, geometric shapes etc )

were also provided The observer showed the students what mater1als

. ,were avai]ab]e to them and urged them-to use whatever materiais they .

N wished

Amqng the obServations 1n1t1a11y méde are the fo]]owing

Ch11dren usua]]y wanted to "compute" the: ansWer They ‘seemed to

be conditioned to add, subtract, mu1t1p1y or d1V1de

They were. "answer"-oriented

-

,They did not want to "mess.around“ withlpaper and pencil,

They. were not used'to working in’smail?group}settings cooperatively.

-They had not had- exper1ence with the process type prob]em

They) re11ed heavi]y on adu]t (teacher) gu1dance and direction.
On the other hand, w1th some t1me and encouragement *the chi]dren ros
did begin to so]ve some of the process prob]ems " From the above observa-

tions and subsequent actions of the children the fo]]ow1ng conJectures

. were formed : : -

' Conjecture 1. Children (grade §);can solve somefprocess problems.

 The obserVers ana]yzed the work of ch1]dren in the1r prob]em- ;f

so]ving efforts The chi]dren initiaily did not have many strategies'

'to ca]] upon Most of the chi]dren made a "stab“ at a possib]e answer -

"and asked ,pe bdult 1f the answer was correct When they received ho

"';response other than a. smi}e and “what -do you th1nk?" the ch11dren turned

¢ S a L
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| toscheCkftheir‘own‘workfor[asked another student. Essentially no other

strategy was observed

ConJecture 2. Children (gradeé 5) w1thout training use only a tr1a1-
, . - and- -error strategy 1n soIv1ngﬁprocess probTems o '

" An attempt to examine what made a problem difficult was pursued

_u51ng different types ‘of ﬂrob]ems Issues reIated to reading and word,

Aphrase, and . sentence compIex1ty were examined by presenting the same

'probIem using different words and sentence structure ProbIem difficulty'

©

‘was aIso examined by vary1ng the/number of conditions ~ While the 1ssues
of reading and number of conditions seem to have a d1rect bearing on

- :probIem difficuity, the issue of probIem ﬂnterest or motivation seemed

/

to ha‘e the greatest weight In other words, if the chiIdren fOUnd the
probIem 1nterest1ng, ‘they generaIIy couId handle d1ff1cu1t1es reIated » f'
I\.;..to‘reading and number of conditions The number of conditions was a |
| factor in'difficulty,_but just&where the difficuity:ex1sts is notrcIear:;i

Sometimes-chderen could so]wevafthreeecondition‘probiem, but:not a twoLA
© condition problem. There seemed to be an interaction among difficulty,

number of conditions'and the size of the sqution.spaces-for each condi-

“tion (i.e., number of poss1b1e squtions for each condition) . _ff
'vConJecture 3. Children (grade 5) can solve’ some muItipIe -condi tion
' - problems; but the difflcuityfof’these;probTems seems .

" to be related to the number of conditions, size of '
‘the solution space and the motivation 1nherent in -

- «the ErobIem ‘,

Toward the end of the f1rst year, an attémpt was made to teach some. S

. strategies to chiIdren to see if they couId use such strategies ThIS '_{'
teachfng was done by asking the chiidren to soIve a probIem and then N
discussing and ana1y21ng 1t In this anaIys1s different ways of soIv1ng,.‘

the probIem were presented us1ng various strategies " The children were

-
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- The fact that ch1ldren could use, Some strategies 1n solv1ng problems B
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"j encouraged to use” some of theSe new strateg1es 1n solv1ng these new

-
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RN by solying PY‘Oblems ey

4

"

Conjecture 4. Ch1ldren (grade 5) can be taught some problem-

s0lving strateg1es and. they can USe them 1n solv1ng
+new problems :

R
I [N

.1'-

A Y

encouraged the MPSP staff to- seek a way to teach some strateg1es in- a -

more qeal1st1c sett1ng than us1ng one adult W1th three or four ch1ldren

R Further, there was’ some quest1on as to wh1ch strateg1es were more appro- o

PR

,prlate to. teach the ch1ldren Dur1ng the second year, efforts were con-‘ .

0"

tlnued to work w1th small group teach1ng and 6bservat1on (as descr1bed 5xi

1n previous sect1ons of th1s report) The. act1v1tles 1n“the early part .

' of tlﬁ year 1nd1cate% that ch1ldren’grew in problem solvmg Slﬂ” s"lmply
S | .

« : I ¢
-

. “anJecture_S " An effect1ve way for ch1ldren (grade 5) to learn to
: RN e solve problems is by splv1ng problems ‘

4

The stud1es related to the problems preSented on the bullet1n board

develbped from conJecture 5 As the work w1th the bullet1n board con- .f

3

tinued the observat1ons sh1fted from observ1ng only ch1ldren to observ1ng

both teachers and ch1ldren\ There-were three phases 1n the bullet1n board l

*problem-sqlvlng study the problem presentat1on stage, the work-on the*

'ciﬁoblem stage, and the debr1ef1ng or, dlSCUSSlng the problem stage Stu-

' dents whose teachers spent t1me analyz1ng and general1z1ng problem solu-

'Qtlons 1n the dlscusS1ng thg problem stage seémed to exhnb1t greater growth

in problem solv1ng strategy acqu1s1t1on ~7f;] L a o ‘,&’¢‘ e

< l:

The acquisition of . -roblem solving 'strate

jes b

.Conjecture 6.

v ., children }_seems-tq be.related to' the teacher-
ol ~ . directed ana ys1s and general1zat1on of problem solu-
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The s1x coﬁiectures 11sted above were gathered through observat1ons

_over a per1od of two years Wh11e the MPSP proJect staff hoped to gather

- more ev1dence o support (or reae?t) these conJectures, this hope was not'

rea11zed under this granta On the other hand these conJectures can pro-'.

v1de 1nd1v1dua] staff members (or other mathemat1cs educators) a po1nt
v i
of departure 1n the1r 1nd1v1dua1 study of ch11dren S prob]em so]v1ng .
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