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The(?gj}]qpment of a Process Evaluation Instrument.
= Linda Proudfit - |

v s N *

- . One areacof_eva]uatfon which has rebeived.much attention is‘fhat

(. ’

of classroom testing. ‘Traditiona] testing instrume

outcomes. What.these instruments do not evaluate are the processes

- : » ' ‘
which children use to make decisions or to reach conclusions. The area

6f mathematical problem solving is one in which the evaluation of pro-

cesses is of;particular"importance. - L

Little has beén done to ‘develop instruhents.whieﬁ~eva1uate~comp1qxj' -
. ) ~ g ! o
behaviors such as prob]em4solving_processes; Iq T?Glﬁgthe National -

‘Council- of Teachers of Mathématics noted their concern’about thjﬁf;n-

R . AN .

The committee would have Tiked to include material on the

appraisal of mental processes in the Tearning of.mathematics.

As teachers of mathematics, we are degp]y:concerned’ébout-'_ )
us find qurselves knowing 1ittle about. the relations between .

* the soiuggons given by our students and the’ thought processes

- that add to .those solutijons. However, tests for appraising

Y higher. mental processes such as concept formation, problem

solving; and creative thinking in mathematics o not exist.
(Johnson, 1961, pp.“2;3) ' . o R : Y

nts, normally stan-

.developing skill in productive thinking. Too often, many of - .

" dardized or critérf?n-referénéed, have been developed to assess final

,More;re&ehtly,@%hévNatioha]_AdVisorthommittee on Mathematics Edugé;ion

S v o o L . /
(1975% stated that eVa[uqtiqn:of_eFforts to apply mathematics t?/a

variety of probleﬁs’is needed. Ki]patrick (19765 summarizéd/yée'situ-
PR | S

ation as follows: - S T

. /

- A common complaint in the Titerature on eva]uation=iq&nathe-
matics education-has been_that we lack instruments to. meastre
‘such constructs as probi m-solving ability and ‘creativity in
- mathematics. . Certainly if instruments were available to mea~.
sure these constructs they could. be; used by teachers to mea-
sure a\child's mathematical- development asfwe]]/ésfﬁy‘éVa1u-
ators of curriculum projects to measure how successful. the

* project hdd been in developing* these qualities/in children.
(p. ]8) o - ,;.' L N : \ //" . -
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e
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. The purpose of . this report is to describe the efforts of the «
o Mathematical ‘Problem Solv1ng Proaect to deve}op a paperrand pencil
\s) a - instrument which code be used to assess processes used by children 1nh; C

attempting to solve nonroutine mathematical problems The term'"process"

oy islused_here in a rather broad,sensef By proﬂess, we mean all thinking . 5
N done'to determine what'the prob]em is.asking, what i ormation shouldv c&r‘-' ' TZ.
' J be used how a solution might be obtained how a plah\of attack should |

be 1mp1emented and,mow the so]ution might be verified

~
N o If a paper-and-pencil instrument could be developed 1ch would ' z? .

identify these aspects of the processes used in probl solv1ng ‘this | o

s would certainly be an aid to the teacher in helping! his/her students '". A
- : : »

: 1mprove their prob1~"‘so+V1ng ability This 1nstrument wou]d assist

o . the teacher in 1dentffy1ng processes which the student would not nor-
ma]ly write while solv1ng the prob]em Since this Tnstrument could be
' o administered to a large group of stupents or to 1nd1v1duaf1s¢udents,‘K\-J
\ o the teacher &QgUId be abl& to obtain more know]edge about the students \. ¥
processes by combining this 1nformatﬂon with h1s7her observations . .
o j.f_ In addition, the instrument might be used to focus the students'
o §‘s . attention onkthe processes used in problem sOIV1ng . - °
‘,';' ;f Gurova (1969) found resu]ts which 1nd1cated that making students
| more aware ofK\he reasoning processes that they used improved ‘their
-prob]em-sOIV1ng performance- In wor&jng w1th fifth- and sixth- grade ' -
i student;, he used questnons,‘apparently simiiar to those suggested by
Po]ya to encourage students to analyze their\own thinking - He stated
ff? 1 :qﬁ'- o NOne necessary factorz]n the ability to solve a relativeTy). B . ;'

L o complex problem requiring logical reasoning is an awareness
e of one's m Rtal operations in the problem%solv1ng proce;s

‘ N : ' : . N . .
TS . v X . . @ . . . :
' L . . .
. - . - ~ . -
“ -
t ' ©a . L, - *
. - . . v Id
. ‘
w . ., K . S
I .
r ' )
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" in. an attempt to obtain observable ev1dence of those processes ‘K1T-l

A . ‘ : . ) -
s . . . ‘.

¥ n -, - 3,
. . . . A

Such an 1nstrument might a]so . (l,-?:"A r,' - | :
;[~~11 1dent1fy some approaches whlch students are inclined to use,
e1ther eff1c1ent1y or 1neff1c1ent1y, and suggest approaches

, wh1ch need to be re1nforced or c]ar1f1ed and approachés which:
= ~ \
need to. be 1ntroduced and

2\\ 1nd1cate growth of a c1ass 1n certa1n aspects of problem-
_ A . of
5 - solv1ng abT11ty e : '

prob1em solv1ng processes, var1ous methods have been used

f b Rev1ew of Re]ated L1terature
To studyW

\patr1ck (1967 pp -6) c1ted stud1es wh1ch,use mechan1ca1 or man1pu1a-
(W
t1ve devites such as wire’ puzzles Jars of watér, and light boardﬁ//and
e §

tests wh1ch present a1ternat1xe5 whlch allow an observer to fo]]ow the.

.each step are more structured ‘than Bhose ava11ab1

represent mathemat1ca1 problem so1v1ng s1nce the chd

1y

-es ava11ab1e at

/in a mathematica]

prob]em so1v1ng\SJtuat1on s i

[

One 1nstrument wh1ch has been used to assess genera] problem-

Y74

P

: solv1ng ab111ty is the Purdue E]ementary Prob]em Solv1ng-Inventory

'(Fe]dhusen, Houtz and R1ngenbach 1972) The 1nventory was des1gned

to assess twe]ve skills cons1dered to be .the basis for genera] problem-

_:so1v1ng ab111ty These twe1ve sk111s are

P

R ‘*ll-vsens1ng that a problem exists, B

. *2) defining4the problem, - ‘ .-
3) asking questions about the problem R ot
4 clarifying the goal in the prohlem situation, . &

: 5) guessing causes, - .
~ *6) noticing relevant details,
© “*7) ‘wsing fam111ar%$ sats in unfam111aﬂ ways.,
*8) “seeing implicatYon
9) solving problems with only one solution,
« ¥0) splving problems which have several possible solutions
11) erifyin solutions, and"
* +12) “judging T thefe is sufficient 1nformat1on présented to
~s0lve a prob]em - ) hg

g - ¥ ;

path used to obta1n a soiut1on These tasks, however, do not accurately

"
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l,s,_f>// ~ It was™determined thauwthis-inyentory diy assess those skills nay

.ﬂ”'?j“f " with an asterlsk"(Speedle;‘Houtz, Rindenbach'.and Feldhusen, 1 73);: a - ‘-.

o .¥l " The 1nventory 1ncludes 47 muttiple- cho1ce items in-w ?ach s1tuat' ns

are presented by.means of models, cartoons on slides or conta1ned in

A v

~the’ test booklets, or verbal descr1pt1ons For each situatlon' ch

fzf' - dren are askéd te perform various. tasks which correspond to the twelve

RS . -

skills ment1oned aboye. Th1s 1nventory has been reported to measure . ‘gsj
. some aspéCts.of general problem solv1ng and does~not really focus on
’ ’ the measurement oﬁ;processes ‘that are more spec1f1c to mathemat1ca] -f_,x

R Wt : r
problem solving. , . . » .. '7 .,-“ v | :

ljjé;. Askisl T subJect to analyze’h1s/her oWn thought processes used in -

solv1ng a problem 1s anothersmethod wh1ch has been used in attempt1ng

-

to determ1ne problem- solv1ng prppesses K1lpatr1ck (l967 Pp. 4- 5)
mentioned two»such approaches--1n\rospect1on and retrospect1on Intro- :? ~~\\'

spection is done wh1le the problem 1s be1ng solved The accuracy of

'“u-
th1s method hbwever, is not known and it may 1ﬁh1b1t tﬂf;:qlut1onjb

himself/ . ¥

| process since the problem solver must cont1nually 1nterr ‘
herself: to: analyze h1s/her th1nk1ng Retrospect1on which asks tgy—~\\\
o sube;i;to recall his/her thought processes after the problem\has.been
solved presents the problem of” remember1ng all the appdegphes wh1ch

\

_&71‘ '-i Were cons1dered or employed _
0ne method wh1ch does not requ1re the subject to analee hﬁs/her E -f N

“own th1nk1ng is to have the sJ\Ject th1nk aloud as (s)he attempts to ;

solve a probﬂem Kantowsk1 noted (l975) some l1m1tat1onscof this method

Cos ) . The method itself may be unrel1able since an 1nd1v1dual m1ght
- " ~ ‘remain silent during moments of deepest thought. Moreover, )
-~ L a varpalized solution. could be: essentially different from one -
: Coy effecdted .silently. " The presence of an observer cpuld\put eon= -, s
_ . straints on a problem soTver in that he might not attempt solu- AL
L. . tions which might be considered foolish to someone else but o
wh1ch he would try if he‘ﬁere not being observed o,

RN
, _ , . , _
A .. . . .
: ' : .
R . c. ° . )

.
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In sp1te of these 11m1tat10ns, it appears that this. 1s a v1ab1e method,
et Tand- it has been used by many 1n research1ng phoblem so]ving Many of >
N .. ] ~ 0
those using the th1nk1ng-aloud method have uﬁed observatlons and aud1o-'
sor vﬁdeo~taped 1nterma$ws, somet1mes fol]oWedsby 2 protoco] cod1ng pro- 4_5 '4h
‘ - cedure ofeone fogm owﬁbnother Th1s, h0wever, 1s t1me consuming and T |

1

‘ 1@E:2§t1ca1 from the standpo1nt of a c]assrdom teacher

]

e "lb o - -An. 1n1t1a1 effort to deve}op a- test wh1ch woula\assess one, gspect
B o J
of - the mathemat1ca1 problem so]v1ng process.has been-made by,Vos (19761.' .
- '-n.»«_; .

The Prbb]em So]v1ng Declsmon Test focuses on three organ1zers of 1nfora

T ; : mat10n--mak1ng a drawang, approx1mat1ng and ver1fy1ng, and cons};uct1ng

_: v - A table or chart For-51x prob]ems, students are asked to decide wh1ch'
N of ‘these approaches cou]d be used to so]ve tHe problem, kt the present Ll
SR, t1me, 1nsuff1c1ent data i€ available concern1ng the effect1venegs of .
- this 1nstrument | - 1‘-3i S

]

. At the present\tTm s qgstruments des1gned to assess‘ﬁ“obhem-solv1ng
[ :
npcesses are erther too 11m1ted in scope or tgo genera] 1n Aature to y
I Ry ,
,prov1de sefu] 1ﬁformat10n concern1ng mathemat1ca1 prob]em so]v1ng
. N

0

0ther p cedures, such as 1nterv1ews, are, ﬁmpract1ca1‘for cv?tlnua1 use
¥y

.
w7

=
~by a. c]assroom teacher For this reason, the Maﬁhemat1ca1 Prob]em

r

So1v1ng Proaect began the deve]opment of an. 1nstrument wh1ch WOuld attempt .

4

.to access the processes used - }n mathemat1dal prob]em so]v1ng and wh1ch

-
. wou]d be practioa] for c]assroom use. o : .

'?? ‘ -“f B i Deve]opment of F1rst Instrument "4:fﬂ . 3':7;§ "3
f ] Fuwt Student Inte/Lw,em e L - 3 »' B _, T

f‘,-,{';, ' In developlng the paper and 2§?ﬁ11~1nstrument to eva]uate processes, f;‘
’{.l e an }n1t1a1 attempt was made to -develop’ questions, which, WOU]d he‘P to : L
1ff;' .: . 1dent1fy,prooesses used by ch11dren to so]ve s1x'\rob1ems Before these ,fi

-;;fr”_ }j' s1x problems were 1dent1f;ed vntenvlews w1th e1ementary ch11dren were'

W i : PRI T ) * R 7

. L Y e N B N
.- a oy
s . i
bl ] o - . Y Yt P . -

R
.o . . - 2 \ ~‘; B - »




"'“*“??° ch11dren m1ght use wh11e attempting - to solve prob]ems From a fourth- '/

acqua1nt }he ch11dren w1th the three 1nterv%§yers and to estab11sh an-

| ch11d was asked -0 soTve twelve prob]ems {see Appendix A) ‘The chde

. was asked to "th1nk aToud" while so]v1ng the problems, and the inter-

. 1n deve]qp1ng the corre5pond1ng quest1ons f; - T' o f;7fyj;-'

S

r 4

, P ;", ; T o 1
begun dur1ng the faTT of 1975 to gather 1nformat1on on what strategges

range of ability levels. After severa] group sess1ons were held to ‘

N

anfOrmaT se!t1ng for the probTem soly/ng se sions, the 1nterv1ews were

begun on a one-to-one bas1s q/er the course of the interviews, each

3

v1ewer asked quest1d§s throughout the sess1on in an attempt to obta1n

N more 1nformat1on about any: strateg1es be1ng used and to obta1n state-“

L

e

1nc1uded in the 1nstrument These 1nterv1ews were.tape recorded

1n determ1n1ng the~s1x probTems to be 1nc1uded in the 1nstrument and

P
L

F&nbt InAxxument
[

The f1rst 1nstrument (see Append1x B) conta1ned quest1ons corres,;l

O

. 4 l.~ . ,',. . " . . ) . . . -

o ff_r_grade c]ass, six children were seTected by the-teacher fo provide a

o

‘ nts which could beused as poss1b1e r}sponses to quest1ons wh1ch m1ght

/_"'

. and these record1ngs, a]ong w1th the studentb wr1tten work were usedﬂ-,fffgfj7

ponding to the four stages of the problem solv1ng*process °°mPrehen+}-,_'f"

sion planning. carry1ng through the pTan and eva]uat1on For'each

of the 51x pnoblems, the responses to the correspond1ng quest1ons were -

‘

written pr1mar11y us1ng two fbrmats-—one ask1ng the ch11dren to answer

yes or no to.. each response and one USing mu1t1p1e cho1ce Th1s pro- -

duced twe%ve sets of quest1ons, two for each of the—s1x probTems ' The
comprehens1on quest1ons were written to determ1ne what 1nformat1on o
given fn the problem was used 1n the soTut1on and how some aspects

of the probTem weFi 1nterpreted The questlon concern1ng 1n1t1a1 p]hn-

,:«n1ng was written as a rank1ng question-on both forms and was 1dent1ca1

- -

‘_l
~



SR oo o R o /< o
." vd ) '. “' ‘.' " " . . : .. . v . ', : . o ‘
RER on each set of'questions To answer th1s questnon, the ch11dren were BN

" \asked to 1nd1cate what they d1d f1rst, SEcond, and th1rd after read1ng

o the prob]em To determ1ne hol_the so]ut1on Was obta1ned or- sought the
S next type of quest1ons presented severa] possﬁb]e methods of so]ut1on

SR A

‘ ;5& ; The ch11dren were asked to Jnd1cate which, method or methods|were.most

‘.._ ;ge what they thought about or what thgy d1d Last]y, the eva]uat1on
: questions were c?ncernzd with the check1ng of the so]ut1on and the de-

.'ﬂgree of Conf1dence that the student had in h1s/her so]ut1on S1nce all’

.3fh';-f' f" pos§1ble‘responses could not be ant1c1pated most quei'gons 1nc1uded

. ?ﬁj'the opt1qn of wr1t?ng in the correct response if it.was not 1nc1uded ,

L AN

-

V¥f51n the 11st‘ . oy
. _—

. : g o o
'”.AdmtnAAthaILOn 06 the Inéinumcnt L Ty

k4

-The f1rst 1nstrument was adm1n1stered to a c1ass of 26 ch11dren

{g'nce each ch11d was asked to so1ve three prob]ems and to apswer three

L ifﬁj ’ sets of quest1ons, the class was d1v1ded “into four groups-—two groups

® t
answer1ng yes—no quest1ons and two -groups answer1ng mu1t1p1e cho1ce

) Ffifv '-7",questions as shown in Table ]$T§% ’,L.”;' s - '; }h' -
| | ’ - ble 1 SR |

',u. (I

ot

Group1ng of Prob]ems\fﬂ/'Adm1n1strat16n of F1rst Instrument ‘

S Group S N Form =~ 7, . Problems L

U e yeso L an, A, A3
. S 2w A yesso oo - T BP1;.BP2, BP3
S T3 T miltiple choice T AW, W2, A3
'1~4'J}"' B mu1t1p1e cho1ce ij " BG] BGZ BG3

-

'fpi"..hrf. | After the f1rst set of prob]ems had been random]y d1str1buted ea§h ' '.
| | ch11d attempted to- solve the prob]em handé’Jhis/her work to one of the Lt QS '

fiy ?:‘ ) proctors, and reCe1ve§>the corregpond1ng quest1ons ' After comp]et1ng | -

e the f1rst set of quest1ons, ‘the student was g1ven the second prob]em, .

the second set of qubst1ons etc s 1n ‘a s1m11ar manner. N

.‘- : ..\.







v A
~

dent answered the questions in a manner which

o7y * ~~5

\ ‘s , . o - N
A‘ﬂaﬂ 848 oo T Rl : ¥t X . 7}/"

p ,/
L Jr ' :
*The studgnts responses -Were ana1yzed to determ1ne -whether or'not _

-—

their‘responses to the qhestions~were cons1stent wfth thg work shown
“on the so]u“cm” ‘a e and whether or*’not the1r responses ‘were- cons1stent
&~w1th1n tr wfat10n6 ﬂh1s w/s*done by compaang the method(s)

1nd496$ed 2 - nses ts/?&f questions. w1th the method(s) shown

Vi
set. of quest1ons wh1cb,were repetitive were compared to determ1ne con-

~s1sfency. 'Th1s.;na{ys1s 1nd1cated that approx1, ely 70% of the stu- B
Cz:eared tO'pe consistent

“on th counts. o - K | ‘ ‘ - B
- \4n add1t1o 1 concerq was to. determ1ne what - 1nformat1on was re-'}}}.
strument wh1ch could not be inferred from the so1ut1on |

) Fh
page.\*Some responses to comprehens1on quest1ons 1nd1cated m1s1nter-- J,'

vealed by the 1

a

pretations, cond1t1ons which ‘were 1gnored and the use of 1ncorrect 1n-
. rd
formation 1n the. so]ut1on of the prob]ems For example, one student °

-

gave the correct answer to the Caterp111ar Prob]em, Problem BGI and '
’ BP], by solving it 1ncorrect1y and focus1ng on the wrong 1nformat1on
She 1nd1t¥;ed 1n the first comprehens1on quest1on that she used the -

width of the jar, rather than its he1ght By assum1ng that the cater-

_”p111ar would climb 2.1n¢hes each day,.she cqpc1uded*that_it,wou1d reach

o a he1ght of 6 1nches 1n 3 days One would. not have discoveredﬂth1s by,~
:1ook1ng only at the- solut1on page. Responses to the comprehens1on
questions concern1ng the Candy" Problem, Prob]em AY3 and AW3, indicated-
that some of the cond1t1ons of this- prob]em were 1gnored or misinter-
preted. Many\students seemed to focus on the fact that Ted rece1ved the
;first and Iast p1eces of candy and d1d not a]]ow the poss1b111ty of h1s

recenving more than two, p1eces Know1ng how a student had 1nterpreted
. 4 . R ) . \ B

R 3

o130

.on the so]utron page . In‘iﬁd1t1on the;responses to items w1th1n the . ¢



. - , :
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-

~ "'ﬂ_n a prob]em prov1ded usefu] 1nformat1on in ana]yz1ng the)solut1on
h, . " The p]ann1ng quest1on d1d not provade much 1nformat1on about th1s

“a$pect of/the probl em- so]v1ng process.. A]though most of the responsesv
. cT seemed cqns1stent wqth thé work;shown on the solutToh page and with the .
c ~-':2ther'parfs ofﬁthe Jpstrument tiev 4id not prov1de any s1gn1f1cant rn-
s a » u"§ tudent Lini . ?esponses to ;he next ames

v .‘ ?T%:;r ttggs, concerned with the actual so}ut1on approaches, prb 3ded {nrorma—L-
‘ - | p . ¢1on conqern1ng approaches not shown on the so]ut1on page and exp]ana- |
_ t1ons of calcuTat1ons_yh1ch were d1ff1cu1t to 1nterpret’ *Most’of those
Ce students who - wrote only the answer on the soTution page indicated that '
| they had used approaches which appeared’to be cons1stent with- the1r
ans‘zrs Observat1ons of the ch11dren wh11e solv1ng the Caterp111ar
Prob]em va11dated the responses in ;some 1nstances Students who in-

e d1cated that they used a ruler to solve the:problem did, 1n_fact, use .

L
<:; a ruler . _ '
~ ~ Responses to the_evaluation'questions'provﬁded some information -

about this phase‘ «However,”the respoases conthined in the 1ist were-

. \\
Th1s ana1ys1s of the first 1nstruméht 1nd1cated that students

~\\\ - sometimes too genera] to give significant data.
could prov1de some 1nformat1on concern1ng ~the processes used 1n arriving
at a so]ut1ont However not all %ﬁrts‘pf the 1nstrument~were cons1dered

to be sat1sfactory Further}work on the 1nstrument was gu1ded by the //
follow1ng conclus1ons '

. -
- A

R '~ - The comprehens1on quest1ons were, appropr1ate and prov1ded
. necessary informat1on in® ana]yz1ng the solution.

- The éuest1ous P gard1ng sélut1on approaches were 1nformat1ve,
yet

hey,did ahlow students' to 1nd1cate all methods.used
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B 7 Development of Second Instrumént - . o . :
o IR <Ly

P In an attempt to determ1ne if more. 1dformat1on regard1ng processes

4 .,

the use of a paper- and penc11 1nstrument a

N,
dould‘,Qe obta1ned through\
/-

o A

- ‘revision of the quest1ohs COncern1ng one of.the Six problems, the Cater- 7.\

}“ p111ar Pﬁob1em, was begunY This pfoblem wastzﬁected because of sthe - ;,'

N = . o
A ,CT\‘ var1ety 0* +hods that ch11dren had n<ed in tempting to sotve it

4'and the awaveness of those methods that ch1|dren h&h exh1b1ted o

., Problem szaxement SN o S

In the first. tr1ai ~some(%mb1gu1ty was found in the prob1em state-

ment. In the second versioh (see Append1x ), the Jar has a 11d Th1s '
aE .
made it phys1ca11y 1mposs1b1e for the caterp111ar to c11mb beyond 8 -

1nch§,§nt A]so the w1dth of the jar was changed from 6 1nches to 7 1nches
° s It would then be more. apparent 1f the student focused on the w1dth S1nce

7 1nches wou]d not appear at any . stage of a. correct solution approach

X Second Tnatnument

>

The format of quest1ons on the second 1nstrument (see Appendix C)

* was, mod1f1ed mu1t1ple:cho1ce where ch11dren were asked to check one

< g 'or more of the poss1b1e responses Aga1n the opt1on was prov1ded in

[i ',_ - some of the quest}ons to wr1te in responses other than those 11sted .
e I .

i}l\c_;;;" oo Although this 1nstrument conta1ned quest1ons correspond1ng to gach

of. the four stages-of the prob]em so]v1ng process as d1d the f1rst
= 1nstrumenf‘ the'organ1zat1on was semewhat d}fferent~follow1ng the'f1rst1

page “The first questions concerning comprehens1on were 1eft essent lly

S 3' unchanged The only d1fferences wererthose necess1tated by the change
\.'F» ',. 1n ‘he problem ;tatement " ,'”.‘:, Voo t S '_ ‘ c*iy'
.} » “The next two pages conta1ned questions regarding the approaches “
. ‘h§§>~# _Zor-strategiesvthat_were.used by the children.. The f1rst of these two S ‘d.

pages displayed pictures and calculations represent1ng four d1fferent-

L LI

¢ . . P
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* G . o - 3
'f.approacmes wh1ch ch1]dren have used in attempt1ng to so]ve the prob]em

~The cht]dren were asked tp se]ect from the ﬁ%ur approaches or to des-
nb' “ . r' -
cr1be a fifth to 1nd1cate what they had. done while attemptl\p“to so]ve

.

the.problem--what they had thought about, what they had done f1rst anT
hat they had done to get an answer. The f1rst 1nstrument had merely’ “ .

T. ] (Q m ) /
*. 7, asked*thé ch11dren to 1nd1cate how they had attempted to sSTve the ~ - -

\)‘

o l\ | prob]emJ- It st hoped that - th1s ref1nement wou]d/allow the ch11dren
_ v |
PR to.1dent1fy methods they had conggdered or emp]oyed dur1ng var1ous sta es AN

< of the so]gt1oﬂJprocess r“\‘ .ot « 3— K ST

‘n

‘,;‘ On the nent page was a 41st of responses which 1nd1cated var1ous
o A"

.

strateg1es K Some statements re1terated methods' shown on the prev1ous
", page and served as-a re]1ab111ty chéck ; others were: 1nq1uded to obta1n\\,r

-~ more 1nformat1on about mental processes = o e .
S e '.\ - I S
. The fourth~page was concerned3w1th initial p]ann1ng' The children - J )
o s /
23, . were asked to mark the statement(s) wh1ch descr1bed what they did- as

soon as they had read the prob]em. It was: 1ntended that their cho1ces
S would 1nd1cate whether the student. attempted Ja p]an of attack 1mmed1ate1y
'aftenbread1ng the prob]em or. equ1red a certa1n amount of "mess1ng around"

time. The f1rst 1nstrument ha conta1ned some of these statements and-

-

others’ under ‘the.planning: quest1on These statements:were divided and-
L ,expanded 1n the second 1nstrUment Those responses which r resented
) 4; strategies which m1ght have been used dur1ng later stages of the 501u— N e

tion process weaf 1nc1uded on the prewqous page.

"oy

On the next page were quest1ons to determ1ne not o‘Ty 1f ‘the stu- e

-'A

dent attempted to so]ve the. prob]gm.us1ng one or more than one method

but a]so why one me! od was dec1ded~to be suff1c1ent or 1nsuff1c1ent

o

These quest1ons were added to/thg_second 1nstrument to determine further oy

| the chi]dren s awaren/;s'of the various methods that thex\yad employed

I . . L

B Rt 16 oy
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Qhe fo110w1ng page PO A . >
= ‘f'; :- ‘The f1na1 set of" quest1ons asked the’ ch1tdren to. indicate whether
£ - wor ot they ‘had checked the1r answers and how the ’aleclgmg was/dﬁne or
why "théy dec1ded not to check. This d1ffered from ‘the fi==1 vrtviment
! gliy asked " the student had checked the solutlon L. d(i,

. . i '
L - ‘ Adm&ntatnatton 0f the Inatnument _éi .- .‘

g

- A Th1s second 1nstrument was adm1nwstered by~(1ve 1nterv1ewers to
| ‘ 32 fourth-, f1fth-, and sixth- grade ch11drjp in the-Oak]and-County schooi ‘ 5
,‘Ig;f“ f1‘d1str1ct in Michigan. —Tthese ckildren were selected from exper1menta1 |
TR . Classes, c}asses wh1ch used the MPSP matér1a1s, and‘frqm contrp];/}assessé
»Chi]drendwere a1solse1ected from.high-, average-, and 1oy-abi]ity group§

]

+ . determined by comoined’pretest‘scoresion'the'Stanford Achievement Test
and a prob]em-so]ving scale, X023, used.in the Nationa] Longitudinal

" : 'T'Study of Mathemat1ca1 Ab111t1es After'attempting tof;g]ve two_other
| "

-prob]ems " the ch11dren were asked to solve the Caterp ar.Problem while

. . do1ng their th1nking a1oud After finishing the1r work on the problem,'
@ ‘
~ the chi]dren comp]eted the set of quest1ons concerning the Caterp111ar

b

| Problem. These 1nterv1ews were tape recorded and these r qepord1ngs were

" used 1n the ana1ys1s of the resu]ts

R An ana1yS1s of -the students Qresponses on the second 1nstrument

was performed 1n the same manner as the analysis of the f1rst 1nstru-
~J

‘;ment In_addit1on, the tape record1ngs were used to va11date the con-

sistency of the responses to the questions witp the so1ution1oage'and
_ . the consistency of the responses within the instrument. This analysis
& g indf%ated thatgfpprox1mate1y“45% of- the: students responded in a manner
. Which_Was'consfdered'consistent in_both resoects, approximate]y 0%
:' uj" .'/,‘ . ; . ‘.'. .\ .~ ' " " ‘.. ’ : . '“v S T
S . ) " '-. 1"! ' Lo- .. B .
. /




-1

" reached the solution by\adding and subtracting mentally " The recording

ithan is shown on the solution pagé. .0 T

K . s . y
l

v O,

. "'J ”ui responded in a manner which sometimes appeared to be consistenb, and
| ‘approximately 25% responded in a manner which appeared to be almost , _:" .
‘-'totally 5nconsistent o;,arbitrary. An. analysis of these three grnun°
of students will be presented to 11lust-ste - gL d wWeak- S A

1 N

«tes of Lhe sacund instrument. P _ ,q-' .
The responses which app d to be consistent either verified "] -
one might,have inferred from the solution page or prOV1ded additional |

~

information which further explained the work shown ow*the solution page.

_One student made a drawing which resembled a ruler on the solution. She

p indicated on the instrument that this had been: used at first but she °

of the interview verified that the solution page showed only the pic- i .

' ture which helped her to understand ‘the problem and that the instrument

N
accurately indicated the processes used to reach the solution.

Another example is shown by the first set of responses in Appendix
D. Susan s solution page shows some calculations/which alone do not.

indicate a clear solution method ~She\clar1fied this somewhat on page 2

- of the instrument by marking the two methods that were similar to what

<3

she had done and by writing a more organized set of calculations She

) indicated on page 5 that she consfaered these methods as,one approach, l*_
.‘rather than separate approaches. The recording of the interv1ew showed ‘

‘that this was the case (see Appendix D)

The instrument does not giVe lete an. expl\naxion ?f Susan's

thinking as does the interview, but it\does give a more complete picture
R o *

L]

Other st%fents whilé providing some information about their method

of solution, were not as considtent as those mentioned above - The second

uiset of responses found in Appendix D provides an example. Eddie marked

N\



- \J T ’ ' g : { . , v N ]
. 'on page 2'that'he'first thought of a rulev he:r mualtistie” » o sat
the answer. He ‘a1< ne - L b ne o ooa niewe o )f days

and cnecked to see 1f7the number was corréht: The'recording of”the
'intervtew'verified thish(see Appendix D). ; .

| His responses on page 5 however, were not oonsistent *He marked -
‘that the first tjme, he tr1ed to solve the pndb]em, he knew he wa&§r1ght

L 30

- Yet he also matked that he tr1ed a)seco(d)‘y because”he yasn't sure

-

°.that the f1rst way was r1ght o e
~ When students gave both cons1stent'and/TnconS1stent responses most
of the 1ncons1stenc1es were found on pages 5 and 6. These conflict1ng
e .responses regard1ng conf1dence in and\Eheck1ng of the answer may. have
- resulted, 1n part From m1s1nterpretat1ons of the questions.
Other students gave responses to the questions wh1ch were a1most
CL - totally 1nconswstent and prov1ded 11tt1e or no 1nformat1on concern1ng
.ﬂ'the1r method of solution. An éxample of th1s is prov1ded by the third -
.example'in,Appendix)D. Trudy 1nd1cated on page 3 that she mad% a draw1ng,
\ ,gw K 'yet n0'drauﬁng was shown on the splut1on page.- On pages 5 and.6, she -
indicated that she checked her answer and saw that the first way was
AN l.", wrong,.and‘that:she“did not check her ansWer The recording of the
” interview seemed equa11y cohqu1ng (see Appendix D) | '

Other stUdents respond1ng in th1s manner gaVe conf11ct1ng responses :

to the comprehens1on and approach quest1ons Some 1nd1cated that they

. d1d ﬁgt\use informat1on wh1ch was uSed on the so]ution page Others
marked that they used a]most every poss:ble approach wh11e solving the .

. prob]em These studentﬁ&;ended to mark many more responses than those |

)

“students who appeared to be cons1stent e
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- ’ . ) \'_the

15.

’

In trmis Za.e, the instrument -oes not give an accurate picture/of '

- . . > ‘
solution process. However, one does not require the, interview to

-~ B -:liCover'this The - 1nterv1ews "did: Ver1fy that those papers wh1ch d1d

i,f' be d

e

-~

provide usefu] 1nformat1on coqfern1ng prob]em so]v1ng prbcesses cou]d ’

etedg1ned by the zncons1stent responses: found in the 1nstrument ©

\
The ana]ys1s of student responses and the 1nterv1ews allow. severa]

conclusjops to be drawn , o N - e
-»
N I 4_ *
P , SN The 1nstrument can provide 1nformat1on wh1ch exp]ams uncleaw 1
‘ s procedures found.on the solution page and additional informa-

™ have
conc

Iems

'u'Although there are some weaknesses in the*twe’1nstrdﬁents wh1ch

- -tion concerning approaches which were not written on the so]u-

© tion pade.
‘ !

- The 1nstrument prov1des suff1c1ent means of dete§m1n1ng the ' -\'

. reliability of the responses. Erroneous or arbitrary responses
can be discovered byxexam1n1ng those responses to 1tems which
~ should be consistent. ~ . _ bR

- Responses to. quest1ons conta1ned on the first four pages of
the instrument indicate that these questions are eorrectly
interpreted by most students and that they are appropriate
With respect to the comprehens1on, p]ann1ng, and solution .
stages of the problem-solving: proge:

'-~The m151nterpretat1o of the questlons on the f1na1 two pages X
of the instrument indicate that these questions neQ\\to be re-
worded or presented us1ng a d1fferent ‘format.

Suggest1ons for Further Invest1gat1oh '

been descr1bed¢“1t -appears that they" do prov1de useful 1nformat1on .

+

erning the ngcesses used by ch11dren to solve mathematica] prob-

‘However, further 1nvest1gat1on and ref1nement is suggested by

the resu]ts of the second adminlstrat1on S —

~

First add1t1ona1 questions might be 1nc1uded Genera] impressions g“l

J

. concern1ng the var1ous "approaches which ch11dren used were obta1ned‘

"hawever more spec1fic questions are neéesshry to 1dent1fy the approaches

‘"which are cons1dered and. the reasons for accept1ng or regect1ng 2 par-«w

t1cu1ar approdch. In addition,, questions concern1ng-preferences,of.~

©

20

-



<

: m1ght have ordere& h1s/her own-th1nk1ng . In the secondrgnstrument, it

oan answer, what ‘was done 1mmedugte1y after read1ng ‘the problem, etc

systematic manner through the v 1ous tages of the probﬂem so]v1ng/\
sta

W T

. prqcess The quest1ons ware ordereévyn much the same way as a student

»

\appears ‘that the student was asked to cons1der the sotﬁt%on precess in
a nonchrono]og1caT order TWS student was asked £ indicate. what in- ‘
‘format1on was uséd, what was thought about f1rst what was done to get
Th1s may have been confus1ng to some students.~ - . \__‘ -~ s
If th1s 1nstrument can be ref1ned and developed focyother prob]ems,
=1t should be a valuable too] for the classroom teacher. S1nceﬁnany

-of the 1tems cou]d be 1dent1ca1 ?or all- prob]ems, it cou]d be eas11y

A

'adap ‘ms;y prob]ems wh1ch the teacher m1ght wish to use. It, appears
N\
that it has eat‘potent1a1 as a d1agd‘§%1c 1nstrument to ass1st in

~
5

determ1n1ng wh1ch txpes of prob]ems pose d1ff1cu1t1es for a student
and what aspects “of a part1cu1ar prob]em prevent the student from so]v1ng

it The ref1nement of th1s 1nstrument shou]d be a-useful a1d to teachers

" '~In assisting ch;yﬁren to become better prob]em so]vers.

~
» . _\

| 16 o\
N .

. . - ‘ ’ ‘ f .. v ""’—)‘ . - .\
approaches or strstegje} might be 1nc1uded§~.1f responses to these ‘;.}/\ | W
questions are consistent over a per1od of t1me these may prov1de in- ~. .

T ~ A\ .
s1ght 1nto a student s'problem solv1ng style,. .~ £ o T\ '
va, - N “ “
Second]y, the organ1zat1on o#)the//ystrument requ1res some a]tera- {L*_q
B : Y LR ~
t10n In the f1rst 1nstrument Kthe quest1ons proceeded in a rather TN
. <1 &.
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