AN INVESTIGATION OF THE RELATIONSHIP
BETWEEN COGNITIVE DEVELOPMENT AND THE
ABILITY TO SOLVE TWO-STEP VERBAL
PROBLEMS IN ELEMENTARY SCHOOL CHILDREN

CENTRE FOR NEWFOUNDLAND STUDIES

JOTAL OF 10 PAGES ONLY
MAY BE XEROXED

(Without Author’s Permission)

WALTER F. RYAN






410219

I\Q .
3 .’-.".)'~‘~\~P'h ;
\NYOQ ,.-"' ‘J"'




R e ; palianti ‘. : B R - ‘ ': " : - . - ) i
- ¢ . R ; .
T, E e . v - T ] K’ z e
) - ' . v ' T i . .
: / CANADIAN THESES ON MICROFICHE ' ‘
e et e T ISBN _ .
Qe THESES QANADIENNES SUR MICROFICHE
LR o o e K o - ,’ -- ,. " e e B
Y LT . . . . 1 - 4":. . ‘(. “'h N \
Lo T L .- s ‘_ , o Lo C e N .A:.f" R o, \\ . ‘.‘._‘. ., . -, . IRENNE [ - Lo RN
s . . ‘ o -"'.l : v ' ) ' o ' - >. . J"v. ER N . . . ‘ -
i .* Natlonal Ubrary of Canada Lo Blbhothéque nahonale du Caqada« x . "; S N ; - i
Collectnons Developmem Branch ' Dxrectlon du developpement des’ collectrons«‘ e o . h
' Canadian Theses on- '4‘, R - Servics des theses canadrennes L R T R
_'Mlcrofu:he Sefvice.” """ T o T sur mlcroftche . R SR o .
N T Ot,taWa, Canad_a'.‘ oo O R o R . . N -
Cte o KTAONA T T e D e e L
o - LT Vo s R
‘ o ok " / Tl 5
SRR D R 1 | |
e T NOTICE Sl e U AVIS S A T
| ) . T ‘ ' ’ o
O The qualny of thls mlcroflche is heawly dependent h ;La quellte\de cette mlcroflche dépend grandement de«
. .- -upon the quality. of the original ‘thesis. submitted for. la ‘qualité de, la theése’ soumnse au microfilmage.’ 'Nous o

_*'.. microfilming, - Every effort has been made to ensure" ;avons .tout fa|t pour assurer une quallte superneure RO ETRE
the highest quahty of reproductton possub1e oot T de reproducuon ' . - ‘ i

1 pages are’ mlssmg, contact the umVersrty whlch_-': SRR i manque des pages, - veurltez c0mmuquer R '

granted the degree L IR L avecl umversrte qut,a confere legrade. - " ..t -¢

B . N .l
A . .

e

Some pages may have mdrstm,ct prmt especrally L La quallte dnmpressmn de certalnes pages peut

"if the orrgmal pages were typed with a poor typewrlter . 4la|sser 3 désirer, surtout si les’ pages ongmales -ont_ été-

e r|bbon of rf the. unlversrty sent usa poor photocopy -dactylographiées Iaude d'un; ruban.usé ou si Luniver- ~ &.. |
dee T ot SR . o o sité- nous a fait parvemr une’ photocopte de. mauvalse o

' S " ER ,.quahte ST L A '

-

Previously copyrlghted matenals (]ournal artqcIeS' e ) Les documents ‘qui font dejé tobjet dun drouts-,",lz
publlshed tests etc ) are not- fllmed o dauteur {articles’ de revue, examens pubhés etc) ne

SO T o : R - ‘sont pas microfilmés..
' Reproductlon in full or in part of this fl!m |s gov-‘ La reproductlon méme paruelle de ce mrcrofllm
-erned by the. Canadian’ Copyrlght .Act, R.S.C. 1970, L est soumlse a Ja. Loi canadrenne sur le _droit ‘d’auteur,
LRyt C-30. Please read the authorizatlon forms whlch_t" .- SRC 1970 c. -C-30.. Veuillez prendre connaissance des . §
- accompany thls thesus sE Lo T formules d'autonsanon qur accompagnent cette these e
; . . i ; ‘_' v Lot N R s L \’ " - . , - .

THIS DiSSERTATION oh LA THESE A ETE |
“HAS BEEN MICROFILMED . . ey MICROFILMEE TELLE QUE-
EXACTLY AS. RECEIVED 1. NOuS L'AVONS RECUE

\\u - .- EY '.

R —-\
P

©Camadi

>,
e e B
. s v
. . . f i
. (g - - s e S, o e Ve
- ST ;;‘_rﬁ_._,:v-'nﬂwuz LT T ey =t S . T . : :
ot v | &




THE ABILITY TO SOLVE ‘I'WO—STEP VERBAL P‘.ROBLEMS
IN ELEMENTARY‘ SGHOOL ,CHILDREN

Sr; i ‘(..‘

.

the deg

s 'Méét.éf?'

o s

»

Memorial University of Newfoundland,w

PO . . B o J -1 g
: ) ’ : DS P oo DR .
5 e e
EI— Ly - Y i ) ; S

v




. g

N UABSTRACT . T o T
. ” . '.' ..,:‘ I. ,.A ) o .‘ . . B

R
3

e T - bl e
L re s T L S N TR I e gy, . ..
' o

SRR =

The sample for the study conSisted of 40 grade seven

S )
)

-'students._

*.1,verbal prohlems?

aDoes reading ability affect a- student's ability ‘

Purpos L IR U DR Lo T ‘l ¢
- .i*t? The.major purpose of this study wag to‘ﬂetermine ]l .:fjt—f'. ‘

whether the Piagetan cognitive develdpment stage oi‘ the - , A

:tudent dffects the. abilit&yto solve mathematical two-step‘:_"_. o

L verbal problems. Four questions were explored.

‘ 1).- Does a student's cognitive devslopment stage

;2?‘ llfiﬁjj;fw - .:affect his ability to solve two—step verbal

L ; B problems? - .* o ‘ ’ ' ' ' ’

kY ) - _'2)1 Does there exist a relationship between the sex ":{ﬁjy

'.xOf the student and his ability to solve two—step

Does the sex’ of the student influence his SR

eognitive development stage? .
R

-

to solve two-step verbal problems? -

"\., . -
e R - - e

These students were randomly selected from the_:

: f’total p0pulatign of grade seven students attending three

«'suburban elementary schools in metropolitan St

Method" and Procedures

John's.

. . - o -,
2 . - P L e

Coo . . . P

The sample students were administered the

'nelnvestigator's Verbal Problem Test and the comprehension } ;9:
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RV ',-"-reasoning ability on’“‘four Piagetan tasks. O

s R . ability are significant factors :Ln mathematical two-step -

.

" ' { . - L M .
-section of the Gates-MacGinite Reading Test Level E, ,3 o

.Form 1, % a group activity Each individual student was J
;k to determine his formalﬁ

- e

Each hypcthesis ‘wab. tested for significance at the

. w.Ol level. s _: o : ‘.:;,

" Egsults and Conclusion ' ] ) _
Analysis of the results indicated that Eiagetan

J;r.". o '.' M
' LN
' ﬂcognitive develoPment stage and reading comprehension

‘verbal problem solving_pé%formance.
' 'student was not a. factor in determining either the, \\ .

. student's cognitive development stage or his two-step

‘.'verbal problem solv:Lng performance. o S Co

C “The maJor conclusion oi‘ this study. wag that studentsl
: BTN '1n the concrete stage of development have more di:l‘.‘ficulty_
P L ".4Wlth two-step verbal problems than- students in the formal
I T vstage ‘of- development. o
’(‘ s 8 . ‘u. P}
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BACKGROUND T0  THE PROELEM

S = 'Intro'dfzction

- I \ ’ ‘. .
' Teaching students to solve problem hae been

recognlzed by many educatore as one oi‘ the ma;jor roles of

mat—hematics m In th:Ls connection, the Nati‘onal

Council of Superv1sors of Mathematlcs (19?89( asserted that

w

learnlng to solve problems is - the principal reason for

, study:.ng mathemat:l.cs ‘and the National Council fp‘f Teachers i
. w .
- of Mathematlcs (1 980) recommended that, "pro‘t;lem solving be . -
. the focus of school mathematics in the 1980'5." (pe 1).

But the term 'proble} solving' encompasses a wide

'aseog't“'p ent of problems. These probleme range from the
traditional verbal problem in textbooks, to nonroutine

: problems which .are not solveble by a direct aﬁication . '

'_ of an algorlthm to problems which apply. mathematics to the»

: w .
"+ The most. basic of these three different types of '

problems and the one that students encounter most often -in
’ their s_chool/ work is the -traditional verbal problem.

Verbal problems are introduce'd' +to students in 'gre.de one

r’.




L o ‘ ,agd thereafter ars reintroduced at ‘each succeeding grade
P /;..‘ 1evel., v;Ih: this 'way; the, basic skills reauimd for verbal

r"» SR - pro'blem solving are’ centinualiy explored and pract:l.sed.

T ‘ - | S - "o

s oL ‘ " . Verbal Problems. -

A

@,« o - ~ The ;meortant role given $0. verbal problems in

o\_\ ' math }.atlcé curriculum throughout the primary and:

' L elementary grades would lead one to infer that by €'ﬁ'fe 1ate

o elementary grades Eﬁdéﬁt‘s‘ would have gained some ' ‘
PI‘Pficiency at solv:.ng verbal problems. But the results of
the second Natn.onal Assessment of Educational Progress in

%wh::.ch 9, 13, and 17 year old students Were tested have

o demonstrated that students in the late elementary grades do e

., not possess adequate verbal problem solving skills. In
th:l.s assessment students performed adequately only on
e i sn.ngle step verbal ‘problems . which requ:Lred the application

of a single ar:x.thmetic operation. Student performance on

L

1rre1evant data lei‘t muoh to be desired.

Research which attempts to dlscern the causes of this

‘ .dEfficulty which students have with verbal. problems is

t 1uminous and findlngs by researchers prompted‘ var:.ous ‘
‘ T;prOposed problem areas. A.mong these problem aregs are the
. S followa.ng. :T: -, o ‘ R

AR PO Stlldent's 1nab111ty to read the problem (Martin,

multistep verbal problems and on verbal probleme invo{;v:.ng, ‘

e s
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~ L '3 2. Student's inability to do.. the/necessary ' MR N
o z computatie-ns (Knlfc)ng & Hilton, 1976). o ST '
\S Ca BN 3. Student's inability to translate i‘rom the English

. -t to mathematical expressions (Clements, 1980).1
o “‘;‘. R TN Dii‘ficulties underlying the Byntax and structure

T of the verbal problems (Jerman & Rees, 1972) ,.Z - - ,‘ ; |
‘ \/f : S ) These research findings ‘have enabled educators to «
DR gain a- clearer understanding of the inherent dii‘ficulties

l\ oo 3 “that- students may encounter when solving verbal problems.
. :

v U"ff’rtunately._thefse«findings have- not ;,gd to the . PR L
s implementation of changes which have resulted in marked . —————> S

.; . | Co T improvements in the verbal problem solving BCOres of .A g
- ‘, students. o -r '_ - R - - ’

o . - ‘U A different approach to understanding the difficulties

iy

that students have with verbal problems appears netessa.ry. S

A developmental approach is worthy of consideration. In -

" this approach, the. dii‘i‘icultles that students encounter '

o when solving. verbal problems are not perceived ag lylng

.

g,ﬂlthln the problems but rather are seen as a coneequence of

/

e ]- s e .

. the student 8 present 1nability to handle the s:LtuatJ.on

. presented in the problem. : T "

' Piagetan Ltgic '

»

;-'/ o o Accord:l.ng to Inhelder and Piaget (1958/1958) children

bass through i‘our stages in their development ‘o-i-‘ lqg:.cal

[ B T e et at S TS RPN PP R T T
N S PTeroeer : R S PR .




'Stage II - Pre-operational
%
Stage“III = Concrete qperations

DO P

...‘ ;1

.3operatiqn stage as'contraeted with the eencrete operation

';stage is the ability tﬁ think ﬂgrmally, that is, the

K3

Acoording to Flavell

.,..-'

5 Concrete operations are: intrapr0p051tional since they
--g0:to-make” the cortent.of individual prep051tions,'Lﬂ'_

whereas '‘formal’ pperations are interpropoeitional,

.6inte -théy .involve the. logical relation among ‘the: ";f-'::
prOpositions thue formed. (p. 206"1 )

i A ... P . 4‘
& '. I ..
' i N = ~ H 3,

It may be“that as the complexity of the verbal problem
increases the ability to think interpropositionally helps a-
persen to penseive the relationships that exiet between the

quantities that are contained in the problem statemengs.

A -'l

Thue attempts to‘teach students Who haVe not attained the

“—require formal reasohing ability will not prove to be very

G -Bucceséful. . '.‘:‘ ': ) .," -: --.'- ol '.-,-.; X '.- ' _.' ".'-_.. 3 -' o 1."

9 -, L)

R ‘s KIS T o T
= 1l B ;..:\ E ' - ?'l Qo

- s

'5_'-Thie study attempted to correlate student's [f.:' :
performance on two-step mathematical verbal problems with
, their peérformance mbPiagetan formal reasonins tasks.
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folloW1ng question.
stage affect his ability ‘to’ solve two-step'verbal

prOblemS? N ”-.;‘ ‘ E, .- ..\ : -. ! '~ e ) X :'- ‘_.- “. ':\:‘. p .‘ .

Stﬂdy. :. .’: . .",._‘ P _-.' e ...___...-g,‘. “'_r; ol “‘u'," . & ';::.4.

- 52) Dpes he sex of the: student” influence his"

were formulated and tested in this study.'.jlr}"f
‘fifH

;DOés,a“studehtfsﬁeogﬁi”'

T e ; i

_. i
2 O

.o‘ - ‘v ks l
" o a. % _':" .t

Threeuminor“questions were also investigatedﬁén this

s < I.:- 2
"t t, N o s E

[ . - . .
. = “ ot S e, ,' e S = ;v‘

v [ o ;_ - " = -.-

1) Does there exist a relationship between the sex oi"'
.the studént 'and his ability to solve two-step e s
-verbal problems? 3 ;". K b ol T e ST e

1'.!‘

. T .-..-.v-
ot .

qognitive development stage7-« '{:t‘{. jsxu“n

3) Does reading a.bility affect a student's ability to '-‘?'}' ;
solve two—step verbal problems? .Lflf,x R o ‘4":;=-.

Py » ldsim o ‘~_-. &
: . - [
vt T .“Lb'r. “,.,

-Based on these questions the following null hypotheses f

l..l

i:_There is no significant relationship_between the
01 "ability to solve,: two-step-verbal problems and’ the
3?3 cognitive development stage “of the student.:u

‘s
.

L HoZ There is no significant relationship between the
= ‘sex -of the istudent’ and: the’ student's ability to
'ae. solve two-step verbal problems. .,; e R W

-r_n

- [
2t i .
.

H 3 Therebis no significant relationship between the
“sex.of "the student and’ the student's cognitive sl

"P_;; development stage.:if«- s e e I PR &

i . ;
il . -_ .
=

04 There is no” significant relationship between -oz
' reading ‘comprehension:gnd-the, ability to solVe.‘H
two=step verbal problems._hh 1o Ll
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! Many areas of mathematics instruction culminate in ;
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"ﬁfunderlying difficultles that students have w1th verbal

i}fproblems. Caldwell and Goldin (1979) Days, Wheatley, and iﬁl ‘

aﬁplying and solving verbal problems.z Therefore, it is

' “'.""":meortant to understand the factors which contribute to the;]’-f"-'\ ;

'f,:Kulm (1979), and Grady (1976) have shown that students who f;ﬁf}f"t
T;{f%operate at the formal stage have less dlfficulty solving

mh‘f»Verbal problems than students who Operate at the concrete

RS ”stage. However, most research on the attainment of the

“’iiformal Operation stage (Dales 1970 Friot, ]970’=T15her’

V.ffii:1971) have found that the formal operation stage is not

ottt .

‘ﬁ fby boys may be one of the contributing factors to the
"9:§r(Armstrong,,1981).,u;;'{;.

.;.,) .

. ”‘,“eSPeCially the relationship between cognltive development”:é g

“";{elementary school level.‘ For example, placement ,ﬂﬁff

¥

' ffi:attained by the maaority of etudents until the last years
ﬁjfiof high school. Furthermore, there is some evidence : i}“ R ;
‘517:(Graybill, 1974) Whlch suggests that boys attain the formalfé}%“fi ?-;9'5“
fﬁtloperation stage at an earlier age than girls. This et

'ﬂ_aPPanent earlier attainment of the formal operation stagexf;jf?ff‘

':sztfapparent superior performance of bOys on verbal problems ﬂ“i‘“:

If these research findlngs can be substantiated,:, )

P;ffand verbal problem solving, then impllcations can bev

'*'5'1ajgenerated for the teachlng of verbal problems at the latehi“;”f .
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T :n students, nature of 1nstructional
g™y Rt and Bequencing of verbal_problem topice may have to be

altered. If the possibility of 1earning how toq'olvew

certain types of verbal probleme is hindered*or reetricted

ol .
.," .,,‘ i

'\ﬁ by 1ack of acquistion of the necessar’

L e,u e

o

deVeIOpment stage, then the teaching;

problem may need to be poetponed and its place in t%e
curriculum sequence changed. Al&o, teachers may need to;:}'q

IRy use models and play acting to explain methode of Verbal
S Y e = T
e fw;:"“f,' problem solVing to studente who are operating at the ‘;’~

PR

:ff;iliirfrﬁpﬁ.‘ Mathematical verbal'pzoblgg A verbal problem in ff?ﬁ;~fii{?gl}m ;;} !

mathematics refers t'-

; written*or printed word .; 'ﬁ:.,t.'x%iﬁﬁ

.r}description of a quantitative eituation about which a :“{f'a"%'fidﬁ ¥,

-t ¥ L e t.h s -., ‘.. -,‘ . o -..‘.' :
g question is raised. '*;g‘ ’ T ' j;:-_‘g;,j. a,p~7-"'g

:"; ne-step ve;pal p;ob;eg. A mathematical verbal :
problem requiring the application of one arithmetic ;

o

,, SR 4 ;",x

-n'_,operation in order to obtain a: solution. i R
.Us_”jaﬂwo-step verbal problem. A mathematical verbal 1$’
"; 5? problem requiring the application qf two'arithmetic :

o operatione in order to obtain a eolutlon. f“ff}:

,'r!
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- :i; G ; section.ﬁ‘The study dealt with only one geOgra@hical area

e .‘“;4.. .'~ - - de _. RIS

,; 80, Of the province, and only students from three schools were :
éi?,? ;:I : inveetigated.f There was no attempt.to exhaust.all the-'_%.;"

amwilgﬁfll”ff . students' backgrounds. The study was further limitsd uy
;%1.’l;1,1” . the selection of a particular set of multistep verbal

socioeccnomic and environmental factors associated w1th

Ly -‘\

i problems, namely two*step problems. ':;ﬂ;ff'“:{':g,sﬂ;' .

S

{

:'% - . Lk "~ .: 5 )
i LN - o o

ﬁ: ”J:“‘;%{fi-?ﬁi A rev1ew of the related literature is presented inf
': "?'“:2, Chapter II. Chapter III contains the procedures fdllowed
ﬂ;_i 1. in conductlng the study, and the method ueed 1n collecting
M \_; ti) ) \'

) fi,::yFJ"and processing the data.

The results of the data analysis

:The final chapter summarizes

,

.i.

?: the\conclusions reached as'a result of the stnéy, and

"z Certain delimltatlons of thls study-are noted An this

1
-
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o . . B ! R I B i B e, = Reg
+ 23 gy, s Introduction: . oo T L T IR
o - N l.ﬁ N P & L. “-x':, ‘;.; ",A D 'ﬁ S
L C . A The literature on the research areas of verbal ':
4. . :

DN e H problem solving, Piagetan studies and reading ability is e A
T . D e Y )
o i - S e

oo extensive. This review treats only those studies which .;. =l

| 8 - " 5 iy W
S o are directly related to the present study. The review is PSR

i - v I L
. . presented in the following order. (1) Theoretical basisu...t'x O
. S d for’ Piagetan research (2) Research related to the age of o N A
L PR i;- attainment of formal operations~ 3) Research related to 5% e .
i i the sex factor in attainﬂent of’ the formal operation M T

.stage (4) Research on the relationship between Piagetan J-J%ﬂf;,?,§~ S

n~ cognitive development stage and achievement (5) Research g t‘jzi.

'-on the relationship between ‘the sex of the student and 'f“{“ﬂf

verbal problem solv1ng ability,-and (6) Research on the :,’
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.- . " Theoretical Basis for'PiagetaniResearch: S

by e e

‘:,~ In Piagetan theory there are four stages of growth

'w,~Which characterize intellectual development the

‘gusensori-motor stage, the pre—operational stage, the concrete

1‘3u,0perational stage, and the formal operational stage.

Zt', :organizatlon of sensori—motor actibn o{ the two year old.

e

The sensori—motor stage lasts from birth to -
'tapproximately two years of age.;

of deve10pment the child progresses from the reflex level

o of the newborn infant to the relatively coherent

It should be noted however, that thls organization of f:.‘ , Q'h’f

?\{ sensori—motor action involves simple perceptual and motor

"'t,to come: to grlps with the  new world of symbols.

- :h‘adjustment to things rather than symbolic manipulations o
v of them., ' h

h‘are not operational

p B ..'4 M

The pre-operational stage lasts from approximately'f ,ﬁ ‘9;-5

f two years of age to seven years of age. In this second;"
: stage of development the child makes his first attemptsi .
During“p i
. this stage the child's thought processes evolve towardS""
L operatlonal thought. But, ‘as yet the thought processes;

It is only the 1ast two stages, thef

R concrete stage and the formal stage, that are: operational

ey o i = i 0 = pe 1

Inhelder and Piaget (1958/1958) define an operation

f'i as a. "a reversible internalizable actlon which is bound up

e I
—

During this initial stage ~ . < -
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with others in an: integrated structure” (p. XlV) I

- other words.,f* ul'(fv3 \_w.‘ ;f‘_ ';_..,Ie ‘j,E ‘v“—w;

"»’:.']’f" :

An operatlon is 'a type of’ action.. It cdh be- cé&@&ed;~ R
\u‘out elther directly, 'in: the manipulation of objects, : :

- orn internally, when'it is. categorigs or (in the case.-
oo et formal logic) prOpositions which are: manipulated.

B _;ri“Roughly, an operation is a means for mentally

+ “transforming data about the real world ‘so that- they-

. can be organized -and used selectively in the solution .

ff; of problems. An operation ' differs.from simple - action
... or goal directed behavior in that it is internalized -
.- cand. reversible. (Inhelder Piagetl ]958/1958,‘J

;po xiii ‘ , S . S

7LIn the stage of concrete operations the child can

’-~f:f¥only organize and classify 1nformation ahout objects or ”L
'”77{ actions which are 1mmediate1y present...Whereas, 1n the

}tﬁstage oﬁ formal operations, the child can reason about the i

) The child 1n the stage of formal operations has ~:i
R

f:;”thought processes available to’ him which are not availablelfi

'ifto the child in the stage of concrete operations. Among
'-411.:these thought processes are the abllity of hypothetico-_kft
; deductive thinklng, the ability 33 abstract thought, and
:.:the abil:.ty of formal thought.

o It is the, presence of these extra thought procehses

- fbtthat may permit a student in the stage of formal

'Operatlons to handle.s1tuations 1n verbal problems that may

B be incomprehenSible to a child in the stage of concrete

: ,operations.;'j;}_jf‘v o :H?}
* — A ‘
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B 11;develop in students betw en’ the ages ‘of 11 and 1\/years with
”‘h-h}Most first year students in grade seven are 12 or 13 years

'; if{old which means that 1f trey are 51milar to the students
‘-Zgﬂstudled by Inhelder and Piaget they should be at the -

“rf;7ages of the stages were later than those claimed oY Inhelder

':]{processes characteristic of the formal Operation stage

-i,r_transition betwéen the cogcrete stage of development and

“:5~the formal stage Of devél

'"ﬁ?attain the formal operation stage until a 1ater date.:u_.
‘chor example, Lovell (1961)11n an exten51ve replication of

”Inhelder and Piaget's (1958/1958) work on the formal stage *g;f
:ffidevelopment but the resu}ts did*show that the transition
“”11Tand Piaget., The group studied by, Lovell was comprised of

t.ﬁfzoo subjects ranging in age from 8 to 18 together w1th 10

f 'ﬁf\college students and 3 adults. Ten Plagetan taBkB Were

::.of studying a wide range of age groups in one study, haveg'

"\

D PN
v, 1

‘i‘ the Age of Atta nment of Formal Operations‘x‘
R R ) S T,
l

L

o Inhelder and Piage. (1958/1958) stated that the thought

r
Y

pment pfuis”iwa:"ﬁfﬁ-f
- However, there has been a 1arge number of studieS' R

f;recently which have demonstrated that many students do not

:fobtained results which supported Piaget's main stages of

’

'G
.

ﬁJﬂfemployed to determine a subaect's cognitive development stage.n

Other researchers,'in contrast to LOVell's approachkb“

},“concentrated on' . Sge particular age group in a. stady. Theiff"

".K
SET TSR A
N s
. A
T [ -

}the equilibrium point being reached at an age of 15 years. hup”
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fresults from these studies are generally supportive of the s

findings of- Lovell., For example, Tisher (1971) in an®

'”iattempt to validate a paper and pencil test, the purpose

B
oa Lo B - -
. . St ‘ e
e R e e - - M ,'- - 8 -7 )
- e e 2T
. R “. e

..:\‘

"llvr'fnh ifﬁt f which was to distinguish betWeen concrete operational

31and formal operational students, tested 232 junior high

- school students.'
';t‘items which were based on feur Piagetan tasks. hForuff
‘ t J’ilkif;f paper ‘and pencil test were randomi? selected and tes;ed

,..i‘:f\ ;'t:,@: on three Piagetan tasks using an interview technique.n
Hfu":lé“:”{””f%; the age group from 13 years 5 months to 14 years 9 months
- :/'M_’_\l ) oﬂly 25 percent were class1fied‘as operating at the formal
-ﬁ:V};*B ihtjff; stage. In the older age group of 15 and 16 year olds P
r:,ff7¥f¥ffi?%;' 40 percent were classified as- formal thinkers.f o
uF/;f *'*}-Lf{-;_ : Whike Tisher invest;;ated the performance of high

i

.';%‘;HﬁPyr‘j?ﬁt school students on’ Piagetan formal reasoning tasks, otheru”ﬁ

Juraschek (19?5) 1nvestigated the performance od 131

3 Tl N
' ' ~; prospective elementary teachers, 19 mathematics student

'l:“*cﬂ_fjl ilﬂjffteachers and 11 honors calculus students on " three Piagetan

. "x

i c1a551fied as early concrete, late concrete, early formal,

~*.ior late formal. Th% scores for each subject from the three

2 R A
53 lpq;‘ng’ipftasks were then added to determine their cognitiVe ‘-- 4:;

o

. ‘”""develOpment stage.. Most of the student teachers and the

A _;d researchers have studied older age groups.A In one studyaq7"""x

TR

'Jt,validation purposes, 52 of the students who completed the-V}jiz

In )

tasks. Each subject was assigned a score of one, two,» ;({,Enc"

: “}three, or four on each task depending upon whether,he was 'h}:ﬁfjﬁ}~-

" T




’

~"nfhonorsvcalculus stpdents?wereiclassified as‘formal

thinkers; but only s2. percent of the-prbspective

4

h-elementary teachers were classifled as formal thinkers.

-

McKinnon and Renner (1971) obtalned results from thelr

4

study whlch were supportlve of the findings of Juraschek.. S e

In their _study, Mcklnnon and - Renner 1nvestlgated the
4#3‘ '

performance—oﬁ 131 college freshmen on five Piagetan tasks..‘

S
They found. that almost 75 percent of the. college freshmen .

to be” elther partlally or completely concrete operatlonal.
. In contrast to the approach of employing several

| Piagetan tasks to gain a broad perspective of .the child's
stage of deve10pment, some researchers have attempted to‘
study only one aspect of formal Operatlon stage thought. )
In one study, Dale (1970) attempted to 1nvest1gate the age

"of attalnment of combinatorial reasoning abllity.‘ In hls_' . Z'f‘f;
study, Dale tested 200 children ranging in age from 6 . | L
" years to 16 years on Inhelder -and Plaget's colorless -

, chemlcal llquld experiment. The procedure followed by "~;' ‘

“} Dale 1n the testlng process was an 1nterview technlque '?;ﬁ.i i?;-f-i
A 81m11ar to the one employed by Inhelder and&?1aget. In: ¢
- the 11 and 12 year old age group only 10 percent of the:'
i students were, able to completely solve the experiment,' ,
' ‘\whlle 1n the 15 year old age group only 25 percent of the e
'-‘;p"l students were ‘able to completely solve the experlment
| " In a study Whlch is of partlcular relevance to the;fid"”

present study, Karplus and Peterson (1970) 1nve/t1gated: KR
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I Tarei I

,_:lof proportlon. ,fh\thgir study, Karplus and Peterson
‘}tested'students;frOm grade h to grade ‘12 on their grasp

",fk

T the age of attalnment ‘of- the understanding of the concept .

-

.a

&

- of the prOportion concept. " They used»an instrument which‘l
i.wconsisted of two 51milar stickmen on k- chart. Thé.

='measurement of the two figures was demonstrated tg“the

s

":students using paper cl:x.ps..~ The chart was then removed {
“.and the students were asked to respend to measurement and
S prediction questions abdut the stickmen. The results of
the 1nvest1gation demonstrated that successful pr0port10na1; ‘ﬂ

‘ reasonlng was not achieved until the last years of high

]

' school. This.resu%t is important because many of- the

7multistep-arithmetic verbal.problems.requiretpr0p6rtional o

reasoning in the solutioms, ‘f’ 5

The results of a study by Lawson and Wollman 01980) L
K lends spec1al 51gnificance to the findings ‘of the. study by

'Karplus and Peterson. In. their study, Lawson and Wollman

e
[

attempted. to deteérmine whether instruction on ‘the. concept

“;jOf prOportion would be beneficlal to only those students ‘
;who are in, the formal stage of develOpment._ The sample';A
.'fo? the study was 12 males and .18 females from a;SeVenfh':ﬁ?t

grade class. The researchers classifled the students as

-,

fxfeither early concrete, late concrete, or early formal on
’the basis of a. pretest containing three Piagetan tasks. }ff._:
| ‘.fThe students were 1nstructed during 10 class perlods on»'

‘methqu of-solving proportion problems.' After completion\,

. - - -t
el . P - N

:,' . ,-.“ o T ‘ .- : 16 .

RN h 2
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of the training sessiﬁns, the students were administered a

posttest on’ proportions.' The results of the posttest

indicated that the students classified as early concretex”‘

wo .

"‘ students classified as late concrete had dnly limited .‘

'1,f~- S success with the proportiOn problems, and the students

' claSSified as early formal had fairly good success solv1ng
‘ the proportion problems. When the results %f thﬁs study
by Lawson and Wollman and the results of. the study by é
Karplus and Peterson (1970) are con51dered, then one‘may
1nfer that attempts to teach the methods of solution tof
_4 f:"' multistep verbal problems requiring proportional reasoning
R ; will preve fruitless for ﬁhe vast majority of. the students
‘ in the upper elementary grades. f
In summary, many of the studies conducted on the
formal operation stage "have- shown that the age of ‘
attainment of the formal stage to be later than the period ~
of 11 to 15 years as postulated by, Inhelder and Piaget.
‘7 Of special importance to this study is the finding that

st‘dents do not attain understanding of the concept of \

had little or o 5uccess with the proportion problems, the o

-~

o

Cy
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‘:?"5‘Lf-r{.%fhf“7$ : f" Resaarch Related to ‘the Sex Factor fir”f;tv
‘@ff! ;f1'5” J':T_ ;;‘ ‘- in Attainment of Formal Operation Stage h ,

”5¥:i'-{fjfffa Inhelder and Piaget (1958/1958) did - not differentiate: o

between the sexes 1n the attainment of the formalh’”f“'”;

ST
- v, , ?

operation stage and the research in this area of sex jﬂf~”

\; '

differences is inconelusive._ One hpdy of research '.ljﬁfff'f _
n’:l.nd:l.cates that‘boys attain the formal operation stage‘at a tii§53
significantly earliernage than girls, while the other body <
.of; research tends to indicate that there is no differenCe
between the sexes in the attainment of the formal operation
._:f stage.: The present investigatot is not aware of research

: which shows that girls attain the formal stage at a

51gnifi¢antly earlier age than boys. fﬁfji' ’ «Lg'*' i';.;.
”ﬂ A Dulit- (1972) used two Piagetan tasks to 1nvestigate
the cognitive de‘:

'lopment stage of groups of sub;ects._fzy‘igi'“
ﬁi;ij;.f?”fii The foub groups tested were._Average younger adolescents;mvr?;:

age 14, Average older adolescents, sge 16 and l?, Gifted

/ v .

20 to 55;_ The results for each group favored boys over

For

. girl in the attainmeht of the formal operation stage.
‘;he three older groups, ths percentages of males

operating at the formal level were tWO to four times as

.;

great as those for females. fﬁ.'ﬂft,gﬁﬁ tlt

findings of Dulit when he investigated sex difierences inﬁf

X IR .
N . o "." w
Y Ve B
[ > v
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R 4 * N
o T
' 'l" 5 D
- °

older adolescents, age 16 and 17, and Average adults, age,i';ﬁ Al

Graybill (1974) obtained results supportive of the _iféjlpjfﬁlnx
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SR 5 : ° . B 4 il B , i
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¥ o) 9, 1'. 13, and 15 year old boys and girls.__‘ Each student
‘ S Was intervieWed individually on each task.. From the 5 A s

results of his study, Graybill concluded that boys attained

‘ g

the formal operation stage at a signii‘icantly earlier age ;'

‘ * attain'ment of the formal stage. Dale commenting on his B - . ' ‘
, % .' results statedu Lk 5 .:,,::, --".;"' ".. "'. | A TN
5 =t The finding that boys were ‘more- successful than girls '. R <
g Jedn solving the” ‘problem was unéxpected- in- view of "the. T T
L K © . absence 0f mention of . sex differénces by Inhelder -: ... - Bt G Wl
T ) - and Piaget.(1958), " This’ difference merits T e
Y . 1nvestigation. (p. 285) ek ‘_ -_‘- -::..., r,._."_,,'- ¥, e cwme RS GE
‘:-: "' el ] * .-\,'- ’ ._"-'h::~ . ’ '..’ r'f'. .-.-.:.:
e gL :-, In contrast to the findings of Grayhill (1974) and ':‘ L. A
: v . Dulit (1972), ot'her researchers have i‘ound no significant_ 2 i R ';.'.'I:.‘-:
;\ ,:' s sex differences in the attainment of the formal operationr N
oL .”g: . stase. " For example, Saarni (1973) inx a study attempting AR
'{ & 3 > to compare problem 'solving perform'ance among i‘or.mal ' '
’ N ‘operational, traneitiona.l, and concrete operational
E:.;.".". h _-} stud.ents with tha efi‘ect of rela‘tive field ingependence,
i u ' i & administereql three P::.agetan tasks and two productive
j‘“" thinking problems to 6L;. middle class students ranging :ln l.

":. i

age from 10 years 9 months to 15 years 1 month. ;‘ No
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"fjstudent and the attainment of the formal operation stage.

,firelationship between Piagetan ccgnitiVe deve10pment stage ii;‘;i31§?

‘.ffprimary school to college.. At all leVels a significant f"‘

ﬁ[ﬁffrelationship has been found to exist.'

'Jf;h conducted a. study'to investigate the relationship between ﬁ.ﬂ‘fx"'

f1l.ﬂperformance on Piagetan cognitive development tasks,f:,f

~‘significant sex differences were demqnstrated on; the

.ff{Piagetan tasks. ’,

Zresults of a study by Ball and Sayre (1972), a study by ZVTA?»"
«"Friot (1970), anda study by 'I‘:l.sher (z19?1), all of which

“fshowed Ho. significant relationship between"the sex of the {: L

;:,cognit1Ve style, and mathematics achievement.. Thirty four‘

.-vstudents, 1? males and ]7 females, 'from each Of the gradesf';f'i:."'“

20 o

T

In agreement w1th the flndings Of Saarni are the

e LA

Research on the Relationship betWeen

Cognit1Ve Development Stage and Achievement

The present study sought te investigate the}~§;4—“*

’:/’» A'

,~-}tland a particular aspect of achievement. namely, arithmetic .;
"fverbal problem solving performance.: Thus, the following . K
"‘fdiscuSSion is of particular relevance. : g v

The relatlonship betWeen Piagetan cognitive development iﬂﬁjl
€ Yok

lfstage and achievement has been studied for students from _42'"

So
v

At the prirhary 1ev,e1 Vaidya and Chansky (1980)

-
1
B

“. >
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) Children's Embedded Flgure Test to differentiate between

'Achievement Test to ascertain mathematics achievement-

. .‘field lndependent stud‘ents and field dependent students‘
e and Conservation Test Battery,_to determine cognitive B
d ’7:»__""‘development level. A statistical analys:.s of the reSUltS

.’-':.‘lShOWed":"that cosnitive 1evel was a s:Lgnificantffactor in

At the junlor h:l_gh leVel Weeks (1973) conducted a

:fstatus, scholastic aptitude, and school achievement had

"__ on: the formal operationa‘l attainment of students.~; Week.B

Y

";:"I‘hese students were administered three tests. Sten"f‘drd" e

-':study to investigate the effect that sex, socio-economic"-'w ‘

' administered the Piagetan conservation of volume task, a e

Vet

ﬂf{*log:.cal reasoning task, and a task oi‘ the understending of

the correlative to 190 grade seven students, 195 grade
:ffea.ght students, and 1'75 grade nine students. _Analysis of

the results showed that a s:.gnificant re’:l.ationship existed

2 ;between achievement and each of the three reasoning tasks

o _tat each grade level..-

l,;

T

At the Junior hig;h and senior high levels, Ball and SN

. -";-‘.:Sayre (1972) conducted a study to invest:.gate the ‘ ’

'relationship between P:Lagetan cognitive develoPmen-t stagef;i |
‘:'.and sc:.ence achievement. The researchers adm:.nistered
;.,i“ive Piagetan tasks to 419 students, comprised of grades e
eight nine and ten biology students, and grade eleven
chemistry students. To be classified as operating a.t the':‘..f"-',’:;':‘
_ . L

e

ra
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\ 'fffformal 1eve1 students had. to diéplay formal thinking on fp'e‘?j:}f;‘ ?}iﬁ
.itf*};'fhl”'._f{,:at least four of the fiVe Piagetan tasks. The results - .

5showed that at each grade level a significant relationship -;yﬂ_tlﬁ e
"‘ffﬂhexisted between scholastic achievement in. the science L

“T;lscourses and the students' achievement on the Piagetan tasks.'ﬁtgﬁ;"“

The study by Juraschek (1975) investigated the L ;f
‘ ';tjrelationship between Piagetan cognitive development stage ?
"5\4|';.';"and aéhieVement at the éollege 1evel. . In his sti y .
k “ﬂf;Juraschek found that the correlation between.performance‘vi
f"ﬁfon the Piagetan tasks and mathematics scOres Was .68,
which was significant at an alpha level of 01. .-\ :
s Researchers have‘also investigated the effect that :
"?_"':,c_"-icognitive develo_pment stage has on problem solva.ng S ;
'}fﬁrperformance.- A study by Caldwell and Goldin (1979) k
'ttﬁaﬂﬂinvestigated the relative difficulties for elementary \Af;:};” Tt
;€3~ '%;school students of four types of verbal problems- abstract
LT“ factual, abstract hypothetical, concrete factual, and .
R .

7Ll corierete hypothetical. “The :anestigators hypothesized R
'~J;fthat.,~‘.g1f; *.4._@_§f“4f;j.ngitﬁ' ;"};~-'“,.:iwu“eiﬂ”jﬂ‘~':"f~

',d_.} T u: ~§The adolescent at ‘the. stage of formal - 0perationa1 o T R
ST e L0 L ithought ccan ‘construct” systems and theories and can - T
ST T w0 draw ¢onclusions -from pure hypothesis as well &s’ fromf,f -l :
Ll T -"Jgfg,observations., Two_of the main' characteristics: of Lo T
L e e T T el stage, as contrasted ‘With the stage of concrete’ ' .- .
.. rsee”.  ‘operations which precedes it, are- the. ability to degal -’ - "

- . :with abstragt situations .and the capacity-of’ thinkingy? S :
cepe e ey e e dna hypothetical—deductive ‘manney (Johannoty, 19475 .7:7 . s
R BRI S w"Plagety '1968)+. Thus a strictly developmental model -.-w . -

Capoc il - wouldisuggest. that for.’'elementary scliool . children, .. e

b RN 1H1concrete problems and: factual® ‘problems ‘should be. less s
3 f.mjjg,jgfdifficult than abstract problems and hypothetical .“ ‘fﬁv,..';
ft'ffi e i: kA : ' A




REN——— TP SN

B - % N s X X . ’r‘
...'s}"' ’ . B - ‘3’:
..‘ '] o 3 ‘..-'\'_-’__.' s . L " to B -' . ,‘ l S _,_ v.';
A oblems respectively,» For older subjects the :

; gifferences should tend:to disappear.‘ (p. 323) o
K verbal problem test, conSisting of five problems of . each fhg'¥ﬂf53~"'

' '.;Ztype, and .a computational test were administered to the

I~“ *wgisample, 399 students distrxbuted among grades four, five,

'=,ﬁf:;f;1f5 and six. Analysis of the results led the{researchers to

-:;conclude.y; .'”w;-ﬁ' K -nw;_g-c"‘ﬂ

~;5','{;;_T*Tﬁ"*““‘%'ZThe findings of this study confirm that for [ N

o g,“‘:r'“i“k“-@h~e1ementary school. ¢hildren ‘concrete .verbal problems B

' CL are substantially 1léss difficult than abstract; ‘Ones, ,': .

coon T woprian o500 when other. relevant variables are - ntrolled. ‘The - -; B AT

w0 hir e o result still holds-when attention is' Iimited. to: {.«"‘j ESERRET

",jj-“gg:ﬂ"wg'pJ_;uchildren who possess definite ‘competency in the - N
oDl o ‘appropriate. computationdal skills. i This tends to
.---reinforce .our notions. of ‘cognitive. develo mental

G,consequences for problem solving.. (p. E

4 t'i;iiylzﬂi7f 52:.:.,fThe results of ‘the. study by, Saarni (1973) suppOrt theffg""A
L ‘"'Tnotion of. CaldWell and Goldinrof cognitive developmehtal

Jifcconsequences for problem solving.¢ In hlB study Saarni,;;":igfi”f

'f-after an analy51s of the results, concluded that:-h"r“‘
. A ,

' fW”&- The results obtained in this study indicate “that N
Celc. .- i invindividuals,classified asformal- operational: R T AR
CPTti T Ly - (or transitlonal) were generally. more competent ;jr,;" T
G0 s iLow v o problem 'solvers on the productive thinking problems Lo
e © e Y00 thant those classified as’ concrete operational..& :

’"ﬂGrady (1976) in an investigation closely related to -
) t-‘thls study found that the cognitive level accounted for gnore‘

";of the variance in the problem scores of first year algebra .

R e

-'ﬂi-,:;students than any variable considered except I Q. But the

:”,relationship between problem solving performance and

v'.

'E;cognitive level did not prove to be statistically

a
=ry
b
N =
RS Dt I
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However, the investigator did note that with a larger

sample than ‘the: 33" first year algebra students used in the_.'"“- L

) study & statis\tically signif:.cant result for,problem

= ::;‘. solving performance and cognn.tive level was very poss:l.ble."».-"}" B
Grad:,r also fo,und that formal bperatiOnal students used§ K
more means-end heuristics in solving the verbal problem

/‘ A

than the concrete Operational students.

o In an attempt to extend the flndings of Grady (19'76),-41_;3
, - Days, Wheatley, and Kulm (19'?9) investigated the :,_ LA :
S differences in problem solv1ng processes used by concrete RO
operational and fo.lrmal Ope ational students.' In addition, .
they attempted to discern the effect that the problem

structure,.either simple or complex, had on the processes , :

the students used to solve the problems. i Twenty nlne _.:

TR concrete operationaleand 29 formal operational students
PR .were Selected -as a pample i‘or the study. L‘ach .of" the

e f.selected students was. required t6 - attempt 501“1310“5 °f four

v

T simple structure and four complex structure problems. ; The

,researchers employed a “think:n..ng aloud technique and

audlotaped the verballzations of the students. ._",I‘.he"'_' -\

B R R R LT e (R

.students verbalizations were subje.cted to a prOtOCOl—COdlng
S ey fscheme.‘ Analysis of the results showed that i‘ormal S
el ( ~0perational students employed a wider varlety of problem‘

L Coe e :'solVing processes and strategies compared to the concrete ‘
S L R

Yoy

operational students. 2 I‘or concrete operational students

L I"there was no significant difference in d:.fi‘iculty between

------------ cJ
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- ;;-'.‘proble.ms. . Formal operatﬂ.onal students found the complex».f'- BRI

simple structure and complex structure problems. Conc’rete(; X

‘ 'operatlonal students scored relatively low on both sets oi":f,;" RN

. structure problems considerably more dn.i‘f:.cult than the

e

S

e .‘4conclude that. i

'-verbal problems, at all grade 1evels; '

s:x.mple structure problems. But on both Sets of problems R

,‘:_ibetter than the concrete operatlonal students.

o Research on the Relationship between

": Sex of the Student and Verbal Problem Solving Ability

T i T L. - : to- ', | ,‘. &
R .-, o N .

In the vast maaority of local, national, and

= 1nternational mathematlcs assessments boys have

S

In the 19?9—80 Cal:.fornia methematics assessment

) “:.,.comparison by sex, of performance in the 5rade three level

of the dii‘ferent sk:.ll areas t‘bsted led researchers to )

e

=
.

‘easy’ computation items are-easy. application-items’ and

" however,  the pattern s ‘broken; - girls outperform bays

but boys. outpérform girls in applicatlon 'of basic
facts and of- multipllcation. "Student: Achievement

S e 213)

’ »-:',Compar:l.sons by sex at the grade s:l.x level Was o

B -\‘~‘1~ O

toeal

-

- outperﬁormed girls on verbal problems, especlally multistep

There is:a general difficulty level, however, that is,

.~ hard .computation questions are hard appllcatibn' IR
F.~.,_questions.‘ When the test - data are examined: by sex, e

7. on. basie -skills. and’ computation in multiplication, - - .

in: Galifornia Schools 19?9-80 Annual Report" lQBQ, AN

’the formal operat:.onal students scored significantly ‘:?’3 L \

: . T h
41 et . . .
) ST "
T
- 1oL

. Et"—"
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L (NAEP) mathematics assessment :Ln the United States, 9, 13_,-.:

.,"In the content areas’ oi‘ application of whole numbers
-.and fractions, ~boys .obtained higher scores than"

L BArlsedes A ¢loser look at the individual questiohs S

“ in decimal applications showed that while girls ‘did .

better. on problems that required a single computation o e

"or only a one-step analys:Ls, ‘boys 'did better on

; . ‘provlems. that required more complex reasoning. Oi‘ten

4{-'_A_these probl@ms required an intermediate computation -

P '.':performed on the 1977-78 results of the annual Cal:.fornia
mathematics assessment.r: These comparisons lend further 'A
credence to the notion that boys are better problem sol"vers -
’Z:_than girls, as can be ev:.denced from the remarks oi‘ t:he

& .::';investigators " R

(two-step analysis). .This pattern seemed .to. 'be bozrne

out in- the. area of application of whole. numbers and .

- decinalSess. . Lt is particularly interesting: ‘to.note. -’

that ‘the relative performance of boys and girls did

‘not’ seem to be related to the context of. the. problem.’.'-:"

. (MStudent Achievement in Calii‘ornia Schools. 197?-,78” e

L _LAnnual Report" 1978, Pe’ 98) e

L "'.,:v,; . :l:"In the National Assessment oi‘ Educational Progress ﬁ

-

‘and: 17 year old students are tested for the:l.r competency

'f':in a w:Lde range of mathematical skills., In the second

:‘:.rnational asse,ssment conducted in- 1977-78, boys outperformed . S

4aged nine: years averaged 2 25 more correct solutions on e

e example in the number and ‘numeration Bklll. area, boys o

. “"‘mult:x_step verbal problems compared to girls, 3 40 nﬁ%‘e

e girls at each age level on multistep verbal problems. ;Fo'r'l'.',':‘ 2

:Acorrect solutions at age 13, and t; 97 moré: correct .

" solutions at- age 1'7. » ,' ‘ ' o |

L Fur‘ther support for boys superior performeh:e .on ‘

B -.,"“T.:multistep ‘Verbal problems was obtained from the results’oﬁi'f':f.':
- - . ',.'_

, . [ '
S S UU UV .
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: the International Comparative Study of Achievement in ,' :
mathematics held in 1967. Poetlewaite (1971) in an R

analysis of these results by eex noted that, “In each

population boys scored higher than girls even when other

factors had byen held constant.. Thie was tru% for verbal

Y.

o and computational problems as well ae total soore" (p. 8'?).

)‘

IR
f

Additional equort for boys superior performance on

verbal problems Wae obtained by Armetrong (1981) from her

r

analysis of the reeulte of two mathematics projects, Women

in Mathematics Project and the second NAEP Maﬁhématicg PR

asseesme-nt.” From her findlngs, Armstrong concluded that.

Even when differences in participation are. taken into

‘accounty . meh at: nearly every level .of participation have"f‘

E an’ advantage in. solving: typical one- and.- two-step word
problems._ (pp. 369-5’?0) R . R ol i

e
. ‘v,

Research on" the Relationship between

Reading Ability and Verbal Problem Solving Ability

‘.' ‘,'.‘
t

That a relationship exn.ets between a Btudent's reading

aba,lity and his verbal problem solving ability seems obvious.'f e 1

between reading ebi'i:}.ty and verbal problem solving ability

e for a long period of time, as can be evidenced by Monroe and

i
:'Englehart's (1931) review of the studies ror the first

: research literature between reading abilit and Verbal

quarter of the century. More recent reviews of the "‘,.,5

problem solving ability found that correla ons_; o_f -this.;-‘_ AT

[ S
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f.-: constructed, with all the problems on the same test having

,'s."
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relationship range from .40 to .86 (Aiken, 1967, & Martin,}'}f oo

1963). Other researchers (Dodson, 1972, & Kilpatrick,
1967) have shown that readihg abil ty when taken together

the systematic variance accounted for 1n the problem

solv:.ng scores of students.. S

Since a significa“t relationship between reading;
ability a.nd verbal problem solving performance has been

Well established, some researchers have turned their‘

attention to attempting to determlne What facets °f

readlng are 1mportant to verbal problem solv:.ng. Linville .
(1976) conducted a study to determine whether the dif‘ficulty
oi‘ verbal problems in arithmetic n.s signii‘icantly affected

by variation in syntax and vocabulary of the problem

statement. Verba;k problems were constructed with easy» ": '

o

' syntax, simple sentences only, or dii‘ficult syntax, complex

sentences, combined with easy vocabulary or difficult

voca‘bulary.'. Thus four verbal problem tests were e I

[

R

the same degree of syntax and level oi vocabulary.f. One of 'i':; -

the four tests was then randomly g:Lven to each of the 408

'fourth grade s‘tudents who comprised the sample i‘or the

' study. From the results obtainad the researcher conc;luded-

Syntax and vocabulary level can both be A
,determ:i.ners of - difficulty 'in verbal. arithmet::.c
: :,";'..problems. ‘Vocabulary: level:¢ould be. more crucial
Loy dne determining success than syntax....'_ :

w:Lth I Q. and computational ability adds significantly to : B
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Pupile who have scored high :Ln reading achievement
‘can be. expected to experience ‘greater success in -
; verbal arithmetic problems than. pupils who -

s\ding achievement. (p. 157

15

Rees, 1972, &Searle, Lorton, & Suppes,"

linear regression model to’ study the effect of a multitude

v

of di‘fi’erent syntax variebles on verbal problem difficu-lty.

These studies have ehown that the syntactic complexity of% A

. arithmetic verbal problems is ‘a definite contr-i’butor to B
W verbal problem d:l.fficulty., :’- o @ B
smmyf“at“””u D el R
A review of t‘he'.research relate_d ‘to _,sex of‘ the g "-1"','. _‘ ;. Sp A
student Piagetan cognitive developn.z'entlstage, ,readingl‘:‘ ':_ :
L . ability, and Ve,rbal problem solviné abil:l.ty rev-e'als”that “ o =t
5 ‘ in ce::-tain oi‘ the relat:.onships definite petterns have e .
- been shown to exist, while :Ln o_ther relationehips the ' :- B
.'j evidenoe is often contradictory end therei‘ore ; -
”inconclusive.‘-:. k : e : . -, o p e
- . Plagetan. theory has, distingui{shed between the '} A

capabilities oi‘ the child in the concrete stage. of

develoPment and the child. in the formal stage of . M A
development.. Of :unportance to th:.s studx is the i:act that

: 1n Piagetan“theory»the_iormal operational student ie seen
'.".-,."-.._ U5 \,\\ -,’ .
as posseeeing extra thought processes that a concrete

e & ,l'

'(-.

) i .
; operational student does not have. ST e
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Inhelder and Piaget (1958/1958) had hypothesized that

the thought proces‘bes characteristic of the formal stage A - /”
develop in students between the ages oi‘ 11 to 15, but_ 0: |
., In the research on h/ the sex of the student is related
" '.z'i to the attainment of the formal stage, two sete of opposin‘r"
flndings have develoPed. In one set of findings/‘t?oys have
' ' ' been found to attain the stagw/fcrmal operations at R
; '~-_”"':?'.‘ a signifn_cantly gar era/gg/than girls, while in the other SO &
! ‘ )'”_ ‘set of -r,esear/c]/a no dii‘ference between the sexes in the
- /,,, e.ttainment of the formal stage has been found. o RADRIEN
” “'Vf SR ‘,.Researchers have generally found that a* relat:l.dnship zf. PO
ex:LstB be"tvleen Piagetan cognitive development etage and ' '_ T
t rachievement._ In terms oi‘ problem solving, formal — _:-; ‘ :_ ;':‘_ #.i, ‘
’ operational students appear to be more competent prob}em - 2
_‘g solvers than concrete operational students.-"'l'_ oo - .
i o Ih many of the mathematics assessmente__that have been ] ) g
‘] _,. conducted male students have outperformed female stnrd—ents-.-.‘-:””' T
-7 ,.( on verbal problems, especially multistep verbal problems. B ; _
' { ‘ “This s  béen. tr uff—ealocal"“n—atlonal ”* and international' ey
| | mathematics a;;aesments. ’ O ) |
= Reading abilidty hes been shown to be one of several

- B:Lgnificant factore which affect verbal problem solv1ng

_—

- r . _"‘ . L
— e




_lperformance. Two of the facets of read:!.ng which help to

|u

C - contribute to"

;n g

roblem eolving have been shown to be vocabulary and o
P syntax. =) “’ ."j_-i" ~‘;'=f-;-:‘ = .y “on 13 7‘ F . iy
b omet SN R R In this etudy,%he invest:l.gator 1e attemptlng to
£ DR

e e g : s determine whether e e:.gnificant relationship ex:.eta between

T .w,... T :l.

:;': : . Piagetan cognitive develOpment eta.ge and verbal problem ’.
f:. "., g ‘ ,eolv:l.ng performance. Wleereas the majority oi’ the research
ik on thie relationship has ueed algebnaic verbal . probletos in’
‘,- : their invest:.gat:l.one, thie study will concentrate on - )

"'-'_» arithmetic verbal problems.' The procedures followed :'t.n

. i 8 conductins the s'budy and the methods used in collecting ’ '.’
and prdcessing the data are outlin.ed in Chapter III. .
R NI A L _",.a_- EREEE )

In Chapter IV, the resultssof the date. analysis are 3

S discussed' “,~In Chapter V the- conclusions reached ee a

18 result of this study are eummarized, and. :melications and

. - Sl ol
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W e recommendations for further reeearch are made. .
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P N T . “ DESIGN -OF THE-STUDY. """+ L

IR o Intro&hotlon

Thls chapter detalls aspects of theade51gn of'the"

e

study. It 1nc1udes descriptions of the development of :lfﬁv“« % 23{i;w¥?3
the- verbal prohlem test, the plloting of the verbal problem
. -i‘ﬁ

tests, the.development“of the"Piagetan tasks, the

Gates-MacGlnite Readlﬁg'Test the sample, the procedures

_ . used in conductlng thevstudy, and thelmethod oT collectlng . f'fff-f
S LS e U v ACLRRA o . ) S T
;f : .”“'3 ‘and analyz1ng,the data.p'ﬁfij:;N , }féfilf3< N
i3 S e B BRI L ‘
o - R R N R e R R
’ ' ' : “1 B :1‘:". .«"l'«-:‘ -.} .A«n’ .4‘ o :':,‘. 3 ‘ ",.‘_-'.1.'{: ‘- "Ig-..‘ A'..' ' :r. N ot T N
S J: 'i_ PN T Dovélopment of the'Verbal Problem Test
v 2 Ll ““ . ﬁ,w 1FP = s .
‘ gm#o verbal problem tésts were constructed&for -
.;_‘ pifoting..‘One test consieted of 12 onepstep verbal ”f'
N : R U s
T 'problems, Whlle the other test«coﬁtained eight ﬁwo—step N _
verbal problems.~ The investfgator declded to pllot both ';“kfffi‘@'

oneL and two—step verbal problems 1n order to determine ';{{}1vﬁj 3

A R

the degree of difflculty each of these types of verbal

23
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verbal problems or a. mixture of both typeswceulﬂ”%e made.

.constructed

..-"'

fOr the’ final study. e S0 o

e 2.

. ¥

The verbal problems chosen for inclusion on the pilot

tests were selected after a careful analysis of types of

verbal problems contained in four elementary arithmeticpﬂLfi.E:

textbooks, listed 1n appendix E.' The selected prob:ems f

‘)

were typical of.the ones.that grade seven studehts might 5p"i”i9“

e .." -

reasonab&y be expected to~have mastered.;4¢_7

X ‘-..

The problems on~the pilot tests were des;gned so that

they contained only whole numbers in their statements ahd
also had whiie number solutlons. Thewproblems were
n this way to elimlnate'any uMneccesary ' j

computational difficulties that students might encounter

[V . . !

in the solution process. U Ar'u-wi o .-f'f": o

W
I
.
.
2o
o i

The two pilot tests arg/included in appendix B w1th %‘n

the correct solutions to the problems on the pilot testswff

in append1x~c “ i g :f e
Piffoting of the Vgroal Problem: Tests ;h

The two verbal problem tests were piloted with two )

.

grade seven classes,“a total of 72 students.' The classes

for the pilot study were selected from a. suburban"‘lslTEj
St John's elementary school This type of school was ";5

chOsen because its students had similar bachgrounds to the

students of the schopls‘to be used in thejfinal study.4.
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showed that students had little difflcult 'in solving the

u“"

one-step verbal problems.. Therefore, it was declded that
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‘this type o:t‘ problem would not be of stat:.stical value R (RS
{7 to the i‘inal study-A e g 48 .;‘_. e SRy .'-"':"'"- o
- wid - , However, it was dec:l.ded to :l.nc:l'.ude» two of the :
A N WS ..Oﬁehet'ép' 'v"e.'rb_al 'problerjns-,"'.nemely verbal problem number i
& '-" PACEEE .; 5 .' H 2 - 4 St ) ©oTe . ,‘ pE—

‘eValuat:I.on :I.n- the final atudy, but they would' 'hopefully,

students would be able to solve these two one~etep verbal SOrTER DS
pro‘ble;n"s‘and this was veriried as j,s 1nd:|.cated 1n the, scores o
on the" pilot test. ‘I‘he ingeetiéetor reasoned that in this -:-. b g
' way, each student :Ln the af:l.nal itudy w_ould feel a e;ense of
= accompllehment at the beginna.ng of' the' verbal problem test:,'_ '
Therefore, thiS. should lessen the i‘eeling of frustretion of 0 ,'.'.-f-
: . ‘_ those students who are unable to solve the first one or’ two ‘
i 7 . el two-step .verbal bro_b}ems and thereby lead to 'a greater -'" Vo
g ; 1 effort being put into bhe- attempted solutione qf the : *
é'ﬁ A ~ .-remaining two—step verbal problems.: P
e, TR B S:.noe the purpose of the verbai problem‘:t.j_' _:i:': .
i‘:.na]'.'stnd,y. was_ to discrlmina.te among the problem solviné_
oy }f abil:x.ties of studants, 1t wae decided :t)o include two-etep

verbal problems numbered 2 3, ’-h 7, ang
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Thus the verbal problem test for the final“study.””




~;to use in the study to differentiafe befween formal

“it, o Operational and concrete Operational thinkers. After :
.ﬁil’; :;f&’f"carefully weighing the advantages and disadvantages of

TE:;:,jsf”" nhmerous pbssible tasks the xollqwing four were selected
g T . for inclusion in the study. ffm?jfyﬁ .

(1) Conservation of. ‘Volunme. using Two Identically
‘:,u- .. Shaped."Cylinders' of Different Weights -
o (Piaget, 1941/1974, ps 234)0:?ﬂ_5lﬁ e _
grf(é) Lo ical Inference from a Verbal Statemant'

: (p aget, 1928/1966, p. 87) , i

a i o
P e L 3
.

Fa

(Q) Distinguish Form from Content 1n a Varbal

e e

ek S
v i N

(1), conservation ot volume using Tio: Iaentically(
Shaped Cylinders of Different Weights. j~¢“

3 c\ff;{i:yuﬁ%w--'~f~(3) Eguilibrium in the Balance (Inhelder & Piaget,.~

"Statement (Piaget, 1953/1957, pp. 18—19)-.ﬂqq_1”
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"!,»;';lAt thls st formal e

e can observe, in I
- contrdst, an’important rezbrking of . the’ operations
- .-and: the expldnations. c
.,Vfinally .acquired and thé! volume is fihally" o
- ?istingnished from the quantity and the weight. “'
' p._141 K . , ‘

that.\ ‘ _’ '.'2' ji oF o L

| t'?{*Furthermore, Inhelder and Plaget (1958/1958) stated ;f‘o'fxﬁ

'E‘Without & doubt the reason for this is that 1n

.. subject .masters by.&imple additive compensations, the
“conseérvation ‘of volume. throughout. changes of ‘form"

'ﬁ'{presupposes the ability to handle proportions.g‘g.ﬁjiv'““

- Howéver, we shall see .. why the concept of" o
,f”proportion does ot itself .appear before: the formal
"level, -when.it arises in connection. with: certain :
o general properties. of the group structures - .
‘Lf"characteristic of propositional operations.; (p. 36)

.7(2) Logical Inference fr%m a Verbal Statement.ygﬁq“u

"‘i;Piaget (1928/1966) stated that only those students who

'l“#ﬁjgare formal thinkers are able to determmne the correct ';
n*,tnanswer to a statement requiring logical inferences and

fthereafter are able to explain why the selected answer is

“ﬁtthe correct one.

(3) Equilibrium 1n the Balance.

Accord1ng¥to Inhelder and Piaget (1958/1958) it is \

St e

"f_only at the stage of formal operations, stage III, that

(q) Distinguish Form from Content in a Verbal
- Statement.ﬂp, _cw- O - ;

.l,

)..

L“j}:y;;;/" When given a statement which contains 8 contradiction

B within it ‘Piaget (1953/1957) stated that the concrete

Ve . S
P — P Ty c .
. el K L L, Lt
. )

onservation: of. volume is St

iﬁﬁﬁf;ﬁﬁf'contrast, to simple’ forms:of conservatlon;’ which" the'fﬁﬁfll -

= students discover the law of levers, W/W = L/L’ ~Tul\1tfﬁﬂjﬂ*"

operational child critizes the ‘data contained in the'jli3337f

,
Mo e bt o e em e v e
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'ﬁ I'H“ifi:'ﬁ accepts the data as given and brings out the contradi%}ion’. ' % :
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';teﬁts which provide inrofﬁation on the progress oé etudents ; y ff.f &

;ﬂln two iﬁeeféent‘areas oi reading. vocabuiary develoPment ‘4{?.{;§;7 I i.
and reading COQP;ehensioﬁL;”fhe inveetigator decided to :#iﬁwfv' S "";":
use the reading coppreheesion Fection "of. Level E, Formld’ ; , ’t' i%~
of these tests to measure student's reading abillty. :fijfif" J¢

The comprehension section ‘of theutests meaaures the.ii*f?ng 1

deptts ability to read complete proee passages with t?;i{l;j:izﬁf-i
’:':uﬁde£standing- 'The qugétione~;;§ed are ofﬁtwo types':'f ? b fi' = 3
. 1itera1 questions‘end inferential questions.: A 1itera1 ‘"lgg‘ﬁﬁ@;f
question asks aboue somethlng that is explicitly stated in fﬂf.li?{;fi .

e . e

the passage. An inferential question asks‘about something 'jg e

The reliability coefficients provided'in'the manual PR |

. for the compreheneion‘section of the ﬁests ranged.from i'“‘.' Ty

o N
T k ¥

xe e - oot

a92. These 7a1ues were calculatad using the .Fd

o . '."‘9 « {

Kuder-Richardson Formula 20. The value of the reliability

-~ 7% iga e

.‘coefficient for the test used in this study was'.eam‘

J q
o o P2 "
. e v, R
PURENA = L \;’ ‘N
. N
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'iI'Content validity of the comprehension section of; the—\;§

e { ‘4 - oA,

K i - -
oo, .

- G

j: tests is based on a proport;onal emphasis on di;fere‘t

areas of readlng matertﬁi To detérmlne whether the ;'f

o . 3

comprehens:x.on séctiou oi'/the test has content ;ralidity for

“a Ly @ dor

"-~the students to be tested the curriculum studied by the¢

z_..

Forty'grade seven students were selected for the

e w'
At 0 -\ 4 '..."..

study These forty studeq?e were randomly selecteﬁ from

- o A

--|‘ l“"'

"three suburban elementary schools in the St. John'

= .

‘u

i Readiné}Test: Level E, Form 1

vyt

investigator as a group astivity in

Yo

,each ef the three f;i"

After 9°mplet10n of these tWO tests, the:?:.ﬁ

R O Gl O

schools‘

z-' =t U

were 1nterviewed.individua11y on
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N - ) Upon entering the interview room, each student was-‘t'“
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R When solv1ng verbal problems. They were told that the

? linstructed to take a, cylinder in each hand.7 The student

the investisator was ihterested 1n attempting to discern .{h.;:
the posslble causes of difficulty that student$ encounter I:;i:?‘

ot B -
‘.."‘

. ,‘,

F purpose of the verbal problem test was to determine

difficulty with verbal problems.

l..‘,

q
purpose of the reading test was to determine whether,

reading difficulties were a main cause of verbal problem

b

difi‘iculty.. The students were. then asked if they had any NP

questions about the study which they would 1ike to ask. —nfkthﬁnfE?:{* qﬁ

Finally, the students were told that during the interView t?%&;; IR = 2

- -r ..'a,
‘._- T o

Trem

session the investigator was interested in analyzing the

" S
DR
s
o >
DR
yoe
. e
A
B . .
.

Cylinders of Different Weights' task.

(%0 ‘ “-" g 2]

shown two metal cylinders, a copper cylinder and an -i}’?filx

Each student was

aluminium cylinder, that Were the same size but different b

weights. It was indicated to each student that the two

rf cylinders were the same size.' Each student was then

,- ....- ".-l: - .' ~a

was asked i£ there was a difference in weight betWQen the

p '.two cylinders..,Each student was next presented witN;two ‘u

t o
» i ,.
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'””Zlfcylinder,,GOPper cylinder,‘would push the, water level up

fﬂ*,sprediction With a correct explanation gave the student a‘

f‘g"student was given a card w1th the follow1ng problem on ) i

H

H
-

K

~w;”~zero on ; this task. s

-t PR
M .

nflidentical oglinders partially filled with water and was ~;}fﬁj4fff,

:allowed to adjust the Water levels until he or she was

’uiconfident that the twO cylinders contained the same amount

fof water.j The student Was then asked whether the heavy

r-

';{moref or whether the lighter cyllnder'ﬂaluminium cylinder;Pu :

would push the water leVel up more, or whether the two

A successful

ggcylinders would push the levels?up the same{f

"jscore of one on.this task. OtherWise,,the student wasrﬁig;ffnf
ass1gned a score of zero on this task.rul;fwy;?7f1;:c;}{%f*
"i};;“‘ The second task administered to each student was: thg

'Losical Inference from a Verbal Statement' task. Each h?ﬂb‘fj:;f;3ff33f

There are three irls. Mary, Jennie, and Sally.m Mary 'Qmjﬁ: g
“is-lighter -than Sally, "Mary is darker than Jennie, - - :"J ST s
Who is darkest of all?’ (Plaget, 1928/1966, p. 87)

N .:

"ffEach student wasiinstructed to read the problem and to

' ’ih

*fﬁdetermine the answer to the question.L After the answert ‘

ﬁﬁwas supplied by the student he or she was asked why he,or

figishe had chosen that person. If the student was able to

"y .

%give the correct answer and also give an acceptable
’:fexplanation then he or she was assigned a score of‘one on L

;Tlthis task. Otherwise, the student was given a score Of




The student was first

.
4 2 O —-h..,M —_—

'5f"Equillbrium in the Balance' taek._

_~ c'--

ftzb 3 Shown the balance apparatue, which consisted of a balance

f'f..farm W1th spokes on it at equal 1ntervals. Weights of 10 ?

... %, .4

grams and 5 grams were supplled to the student. A weight

of 10 grams wae'hung 4 units of length frem t Tulcrum

...\

B

given twO 5 gram weights and was asked to place them on

Ly [

the'Iever to~ach1eve~a balance. Next the two 5 gram'

.‘~-

e

et

weights were removed,«and the student wae given one 5 gram

-~weight and was asked to hang it on the levereto achieve a".

After the student had selected the locatiqn for

-‘y: balance.'

'the - gram weight, he er she was asked to explaln the

.‘,~. et &

selection. Theee students who made a correct prediction

o N .

on the last part of this task and thenvwere-able to give

individual student was the 'Distingulsh Form from Centent
in a,Verbal Statement' tash'”

;.1.

card with the followxng statement on ithﬂ

R

Each student«was giuen a~.“'




"I am glad that I do not like liVer, because 1T
1ikeéd . it; I would 'always ‘be. eating: it;. énd. I hate
eating things:{ dislike." (Gorman, 19?2, p. 43)

Each student was instructed to read the statement and

o' .
*oe,

.j -f express his‘opinion about the statement.' Ne gnidance was

Z\ L

" ‘%given on the part of the investigator ae to the expected

. tests Were scored and the etudents aseigned aqscore from

; ; zerO'te‘fiveﬁdepending on the number of cerrect eolutione‘ g
foakuy g, T '::; to the two—etep verbal problems.. The ecores for the four
I B % -t e o i, ;‘1 » Ly ; i) ._\

;éfa:fﬂfx:-jt?;};'Piagetan tasks were added eo that each etudent received a ?;.ﬁyf'ﬂ"

".. '_. . --‘,.-

vscore’rrom zero to four on the Piagetan'tasks. Raw scores

's Fit ,.,v. -,. -‘ ‘et

on the compreheneion teets were cqnverted to t-ecoree for

i L N ‘-.,’ <

-”T _-significance at the .01 leVeI} f"

hre

vfﬁ Bignificance'at the .01 level-;qiﬁhi




S

and«the'method used

o . < 9

been outlin%g. _In Chapter IV, the results"of

thé‘data~analysis aré discussed.

_ e g “summarized, and implicatiphgféﬁ&

.t
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" © . CHAPTER IV

. ' R R
| ETUET ;r}”1:%J‘.ANALYEléloFibiTA]TT* g i@
.iT a The mayor purpose of this study was to determine if i
xi; the Piagetan cognitive development stage affects the i
‘Eh ability to solve verbal problems. Consequently, the major . |
v i ﬁ hypothesis in this study coneerned the relationship ‘
B | - :-‘. between Piagetan cognitive development stage and the :? :;; E ifd
_552»’/7 %%;j.' "abillty to solve two-step verbal problems. ;A secondary | ) ;r té"

major hypothesis concerned the. relationship of reading 13{{3V ff- V.th?‘

comprehension to problem solving ability.‘ Additionally, ' ;

two minor hypotheses concerned the relationship of sex to’ §

: ‘ Piagetan cognitive development stage and to verbal problem WH.' 7 o

l R sOIVing ability.p o L «ﬁ Lo - N

SR Forty students were randomly selected from the total e e

population of grade seven students attending threefﬂh,;} ’ f;;{'

elementary schools. The students were first administered

"Jf}rj the reading comprehension test and the verbal problem test.gc‘irifgf

'*:;'?. After completion of these two tests, individual students’

fff were interViewed to discern their level of thought on«four

Piagetan tasks. o ’
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RESN

“vwﬂ‘nﬁiV”tfﬁ“Problem Teet Qypr) and the Piagetan Task Test (PTT) were

- Presentation and Analysis of Results

The major hypothesis to be teste’d in this study was.

o1t qre is no- significant relationehrp between the"‘-‘-'
ability to- solve two-step verbal: problems” and . - .
the- cognltive develOpment stage of the student. ;

To test this hypothesis,"lthe investigator's Verbal

<.'adm1nistered to the forty students. .‘_ The scores on the " '

: _VPT corresponded to the number oi‘ correct solutions to. the

LY

two-step verbal problems, while the scores on the PTT
',corresponded to. the num'ber of tasks on’ wh:l.ch the student
'-‘dmplayed i‘ormal reasoning. The mean and standard

: .'deViation oi‘ the scores obtained oh these two tests along

-‘fw:Lth the Pearson product-moment correlation coefficient

a7

A‘fbetween the two groups of test scores are contained in

LN

.‘.,. B . v

'}Table B ,,“:‘{:7-35';; ?7',.‘.».;ﬁ;. .

LT i The Pearson product-moment correlation coefficient

ot

."_between the scores on the VPT and the scores on the PTT
R wae calculated to be ?2. As noted 'in Table 3, this value

_."proved to 'oe s:.gniflcantly different from a’ value of zero

'.; at an alpha levél of .01. Consequently, null hypothesis 1

was re:jected. _—

S
e
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| TABLE 3
= ; Mean ‘and Standard. Deviation of - 'ﬂ‘
and Pearson Product-moment Correlation Coefficient between» =

Student Scores ‘on: VPT and PTT R

N j‘ Lf ) Standard -a;ftf ..ti Lol :
a6 | e
. - DG : 072 5°52*
- 1.2k \ N

MRS B

The second hypothesis to be tested in this study Was..

LT .7H6ét There is. 0. significant relationship ‘between thef'}” :gﬁfiTV”
WL sex of’ ‘the - -student:and . the.- student's, ability to S

e s ff. solve two-step verbal problems. TJ DTN -ﬁit\”:;;7flziff'.
ﬁ{; In the study sample, there were 22 boys and 18 girls.ft' ’ tf
) The mean andQﬁtandard deviation of the scores received by V,:frf L

' males and females on the VPT and the p01nt-biseria1

'Eff?;uffﬂéa;fT' correlation coefficient between these two sets of scores-ﬁf;. '
. | ;*1;‘ are contained 1n Table 4;-‘;‘:;?fif?i;:&:ffﬂﬁ';ﬂ.%t;%fffja.d"f:f:'ﬂ
| ' The pOint-biserial correlatioﬁ“coeffioient between

;};E:y plf the sex of the student and the problem solving performance?vfu.

}ﬁ' 'n as’ measured by the VPT was calculated to be .012 in RS S
i s favor of females.r As noted in Table 4, this value :}*L,icfifi'f’ft
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did not prove to be significantly different from a value EARE I

R oi‘ zero at an alpha level of .Ol Consequently, null :

",’_;_ ; : SR hypothGSis 2 was accepted. ST ‘;:’:.:"_: E "f'.'.'_,'

L AR T T ey

AR .~Mean and Standard Deviation of . SN
and Point-bieerial Correlation Coefficient between el ’
3 Male and Female Scores on. VPT v : R

.-,,

ST el T TSex Mean Standard B R AT 2 AR A
P P A Deviation T A PRI S U Al

o iy — y e 4

Male (N 22) 291 i3

. Female (N = 18) " 2",94 O Y- U SR (R |
CeT e *gayalue s Hot significant. at an alpha; level of ,OV.™ . .. .00 o o7vondh

S -
0 Y S TR N y . . .

. I A TR I .- o W Lo .. n
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The third hypothesis to be tested :|_n this study was.l.,,. ; "

o 03 There is. no significant relationship between the'
'sex 'of-the student and. the studentcs Cognitive :

dGVelOPment et‘age_ PR

: S The mean and etandard. deviation of the scores received

: -"'.,by males and‘ i‘emales on the PTT and the point—bieerial

correlqtion coefficient between these two setsnof scores

i, are contained in Table 5.1 ﬁ

The point-biserial correlation coefficient between the_
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Bignifieantly different from a value of-'zero at an alpha

>

"0

""-Mean and Standard Deviation f-. .f'

'(N','; 18)

.There is no signlficsnt relationship between~.
-reading. comprehension and: the - abili_jhy‘- to solve
~-two-step verbal problems.u.-.“_' '

RS . ~'.
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‘was. ad.ministered to t}fe ks

orty{ students. .

oo

. P T TP e st

» .%‘;,‘J’-,“YIQ'. ..,.F@gu,.,.um—.ﬂlr.:;mr"“"*'r‘;n h




1\ . St
A . = =
' n B J .
. ' [} .t LI e
N u N . Y
AL . Y . L ta .
T - . . - T,
- e et *u R . . - =
e ¢ . : - LRGN
‘ . [
" . * ' N Y
- N ~ N [
SN . 5 .
. ' 4 M
- a . N ..
A B et
i ‘A. W .
i . . 51 »
) ' M -
. p PR
R . i , [ B . . - o : PR R
. . - . . NN ._ . .\ ;" [P w_:

ik “?‘.:'fr ; scores obtained on - the comprehension test were converted to

t-scores for statistical purpoees.. The mean and standard

r

deviation of the t-Scores obtained on the‘reading ~335;"

'comprehension testnand of the scores students obtained on

Lant n“"

: the VPT are contained in Table 6;~ Table 6 also contains v

.t .,r

The Pearson product—moment‘correlation coefficient

.’between the reading comprehension test ecores and the VPT

= L R <) "

scores was calculated to be .44._ As noted in Table 6,

thi “yalue proved to be significantly different from a

value of zero at an alpha 1evel of pl.“ Consequently, null

hypothes:.s l+ was rejected.-;g. Do 'f

and PearsoniProduct-moment Correlation Coefficient between

e Reading Test t-scores and VPT SCOres TR

. Standard "l

U Deviation i TR e B AL Taa
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CIassif:Led as operating *1n the _formal 'eta.ée Of deyelopment 5 :

. pateln o
? = %
- SR TR
E . ’ The correla'tion coefflcient calculated for the B '
k .»‘: : ’relatlenship betweenv ‘verbal problem solving ab:l.l:l.tj as Z",,
; . g .--"'-,-'measured by tne VPT and forxhalpre?soning ability on/. the
JC A ._Piagatan ‘tdoks s, 724" In'ofner. words, ‘this relatidhship ’
: faecounted for 49% of the variance, :Ln the problem eolv:l.ng e g
: “‘ :se.c!rea' of t‘he‘eample students.-‘ Th:l.e relat:lionsh‘i;proved to‘ .
: \ ;: .be elgnificant at an alphahleve'l of .01 o’ There are 4
i \ < several reeervations one hae to censider when trying to
: i ' interpret this result. : Ce '
‘ : 5 V{hﬂ Participated in the“study would be claesified as being X ok
l ,:": f: il in the formal stage of develqpment ¥ If one wez_je tq TR LR '
3l . classify only those students‘wh‘o-idisplayed for-'xhal reae;nlng. ,‘h
e T on at 1east three of the. Piagetan t_a.ak:e_es :0perat1ng :Ln the \ "%:
: | ‘:‘-':-‘.';-:':“ formal s’tage ot‘ develepheht & then a total .of nJ.ne students, N %
(s, " B 8 p five boys g réur girld, Wouly have satiei‘ied thie AIE G B
i criterion. . Thie represented only 23.5% of the total T . 4
E o ,student sample used in- 'the sltudy.' One' "should note, :‘.::-3' ‘-:‘- W
' hovlrever, that the lowest ecore' obtalz;eti b& ﬂthose nine
i 0 -:'.', - formal operational students on the VPT wae 3 and thatt_.the
i * j ’mean ecore for“th-o‘se n:i:ne ‘students lon$ the .V'PT Wwas, l; 4: ’ ;
::" ,: _'I'h:l.s result did‘demonstrate that thoee stud“ents“Who Were‘ ‘ E
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."'~'ﬁ~:jcr1terion. This result represented 55% of the total

. difficult for this group of students with only 13 6% of
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HoweVer, if one were to classify only those students;f R

,':who scored Zero or one on the Piagetan tasks as being in
_"','.v"the concrete stage of development then a total oi‘ 22 _ ,
",""‘.".,‘;f,:students, 13 boys and 9 girls, would have sat:.sfied this ;" """" A

“"‘.Vl::,_‘_of the students who participated in this study were stilll_"

"'-":j"VPT was 2 04. This result did demonstrate that thoeer_,:; {
CRa j students who were classified as 0perating in the concrete!r:

--stage of development successfully BOlVed some of the '

R _’to d:l.splay mastery of ‘this type of problem. To determine.-{;
, ""*,’.f{"“‘_. whether a pattern existed in the concrete 0perational L
student's ability to solve certain of the two-step verbal:

problems, an item analysis was pez"formed on the test

- .Z-‘_A‘on the VPT. The results obta:l.ned are COnta:.ned in Table 7.‘ | L

As can be seen from Table ‘7, only problem number 5

- ',Was mastered et an acéeptable level by the population of
.;students who were class1fied as being in the concrete stage

of development. Problem number 3 proved to be the most

i

. ca e ' . USRI
R LRV L AT e ey 4y e

‘ "-~:.'.a',:-_~”;;'student sample used in the study. That is, ovar one-half.j‘f RO

two-step verbal problems on the VPT but they were unable;;_'.\'fi'f: = “'

R s results of the concrete operatn.onal studentls performance AT

Vet !

in the concrete stage of develoPment.K_‘ The h:n.ghest score " ‘. A
S 'obtained by those 22 concrete 0perationa1 students on the'jil_,'-‘:f;?f. vl

it "S.PVPT was 4 and the mean soone for those 22 students on the‘.‘.,::",: 2

LTl Toole T, <
N ‘e - e DY I
B . PRGN SURENE I
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f}};: , the students who were classified as operating in the g;
b '-_concrete stage of deVeIOpment obtaining the correct T :{:jtjﬁj'f‘

i?tfj%fki;'f1;~;tSOlution. Ali other two—step verbal problems on the VPT

SR Jng'}15*‘fJ-Percentagefof Correct Solutions'by'ltem
U Obtained by.those Students Classified. as Concrete
SRR ﬁﬂﬂ.f on the Two-step Verbal Problems on’ the VPT
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R TR VR The four hypotheSee tested in the study were.

There is no eign:.fieant relationship between the
ability to solve ‘tWo-step Verbal problems and” the
EOgnitive develo;pment stage of the student. y P

. .,_"‘l:g'?ldlf

4 '¢ W o -.i,.

+

3: 2% There 15 10 significant relationship between the

\ ° ~’68x% of ‘the: .student and" the- student' fe.b:l.lity to
T e Y solve two-step verhal problems.

.4,.

There 15 no significant relationehip between th

,HB Bex of the. student’ and the student.'s cognitive ;
i R ;;.déveloPment stage. S ,..~ g ,J;_; o B ._.;-"; ' 2
' '.'H ' q_ There is "o sisnificant relationship between : '.ﬁ-._ ; h *'.’:‘;' "
‘reading ‘comprehension ang the: ability to solve 3 dn | ’
g '-‘.5" i two-step Venpal problems. y 5, i W iy P e
i’ Analysis of)lthe results of the study 1ed to acceptanee : ' “....";iu.::-.
' i of null hypotheses 2 and 3 ahd rejectien ‘ot null hypotheses ‘ '
SINEE. "'_ : Aangd, Tio’ add:l.t10nal “gingings of" intere‘st.here thet: the ’-_’.';.':';..-';{-";
* *“ maj.ority of students who partic:l.patednin ihe stedy appeered . ‘
e ST bo g DL dal b cbiiarete stags.of development and that ":‘-'- ".
-, ' 3 those.s.tufien,ts ‘who were.c'lassified as being :Ln the concrete g
: ‘ stage of develoﬁment d;l.splayed 1nadequate mastery of four'
. of the f:n.v 'two-step verbal problems on the- VP'I‘. R i e 37 "
; In this chapter,wthe reaults of the study have been «3'3:‘.‘ ‘
i ‘presented and analyze:d.,’ In Cha.pte'r(V the conclusione : i ol
- reaehed 'ag. a. result of th:.sk,-study are summerized a.nd" 3
«imlplications end reeomnendations ror furfher research are

c.‘
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statistical analysis 1n the final BtUd-Y'

‘ whether the Piagetan cognitive development stage of the

investigated. IRERT

appropriate items to include on the Verbal problem test

AND RECOMMENDATIONS FOR FURTHER RESEARCH

The ma;]or purpose of th:Ls stud;[ Was, to discern

student afi‘ects the ability to solve mathematical verbal ‘f*;’.‘» !

problems. The study also attempted to determine whether ‘,,7.'."-‘-'"3,

reading comprehension ability was related to verbal

problem solving ability. Twot minor relationships

involving sex and verbal prohélem solving ability, and sex ‘

and student's cognitive development stage were also

A verbal problem test was developed for the study. IS

TWO verbal Problem tests were piloted to" determine S

for ‘the. final study. Pilot teet 1 contained only one-:step
verbal problems while pilot test 2 contained only two-step |
verbal problems. From the results of the pilot, only"'

two-step verbal problems,j.were deemed appropriate for

There f ore IR the
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L ‘ in thel school were interviewed individually on the

the reading test were converted to t-scores for statlstical-“_; w

verbal prdblem test for the i‘:.nal study was composed oi‘ two ;,"" ’

one-step verbal problems and five two-step verbal pro'blems. , Ly:

The two one-step Verbal problems were not scored since the:.r

sole purpose was to act as motlvators.t

1 BN .‘-’

pOpulation of grade seVen students attend:.ng three o

Al, =

elementary schools in the St. John's area, At the

"' beginning oi‘ the'-first day that the investigator spent in

S each school the'«-'selected students in that school were

admin::.stered the'_ reada.ng test and the Verbal problem test. - ,'\-',‘_‘_‘,-, '

After completion."‘;of theSe two testS, the selected students ‘

Plagetan tasks. ' R

All tests were scored by the investlgator. On the

T

".";mvestigator's verbal"problem test ’ the student's score

corresponded to 'the number of correct solutions that he or i
she obtained on..'-:bhe f::.ve two—step verbal problems. On the s
P:Lagetan tasks,.'_.the student's score corresponded to the r
number of tasks.“‘on whn.ch the student dlsplayed formal

reasoning. , '.I‘he raw scores that the students received on

purposes. -




They wer

s

'I'here :Ls no s:Lgnificant relationship between the;» i
" .ability 'to.s5olve two-step .verbal: problems and + "
the cognitive develo}ment stage "~ of the student.-x v

ik e She s

“..‘I‘here :Ls no significant relationehip between the - ',
:‘ . sex0of - the student and the. etudent"‘s a.bility A0 g
solve two—step verbal problems. LT e e TR i

n 1

",'I'here 18- no*‘significant relationship between ‘the ..
' i .sex of ‘the:. student-and-the etudent's cognitive &
development stage. ¥ i .

M Al e,
ACAS N

There :Ls no significant relationship, betweeni :
" reading conprehension: ‘gnd - “the: ability to eolve,
two-etep verbal problems. ,;' i

. 4

Hypotheses 1

'v-

-...' ,.“n. o

2 and 3 were tasted using the-- point—bieerial correlat;i.cn ‘._ .

coeff

g.""__; " ,', a 1 : Null hypotheeis ] .we.s re:jected. ..

e u RS ! 'n.-




Signif:.cant at a 1evel of significance of .01.

ﬂi-—

relationship existed betweentthe sex of the student and

i

-‘:~._¢.~1f‘f:.;':§;' P two-step Verbalfproblem solving abil:l.-ty. The calculated

3.

Null hypothesis 3'was'. accepted. No eignificant

- of the student and 'the

g . “.-.

Null hypothesis 4 was rejected.

doeff:.cient, .44, between reading ability and two-s-tep”'“

The obta:.ned

Null hypothesis 2 was accepted. No SigniflCant R

......

- Piage‘tan cognitive develoPm" 't‘ stage. The calcixlated Value
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. a Additionally, these results support the findings of Aié%n
(1972) and Martin (1964) who ‘found’ that reading ability

- A was a significant factor in mathématical achievement.‘;; ‘
. .' ' This study also found that the sex of the student was :
not a significant factor in the attainment of the formal '
0peration stage of development. This f‘sult‘is~not in

1 .
agreement Wlth the findings of Graybill f1974) Dhlit f’

But the result is in agreement with the findings of
aarni (1973), Ball and Sayre (1972), Friot (1970), and
Y Tisher (19714 who found no significant difference in the

i ky: , 'r~ girls._ Since the study did not - attempt to measure the R

percentage of males and females who had attained the formal

- fj_0peration stage at different age leVels, caution must be

exercised in interpreting this result.' Additionally, the

number of students in this study who had attained thei

’7zlj}j:3:;ti’findings

' nternationalsmathematics assessments. _But Fennema (1977)‘

"l;'_a,nd Meyer (1978) have proposed that the apparent superior

2

37 ",‘ .
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e e
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SN
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g
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(1972), or. Dale (1970) who round that ‘boys attain the formal*;‘.ff;t"."* A

'-fy;?’g operation stage at a significant earlier age than girls.;‘fl*"

- . attainment of the formal operation stage between boys and ,:'

X solving ability. This result contradicts one o_ hewmajonkgw';f‘:“?
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influenced by the differential treatment received by boys ;,ﬁw
and girls during the 1nstruct10nal process. Additionally,
these-two researchers have noted that girls do- not appear .
to be as highly motivated in mathematics -as boys.‘ Since i??:f.
the results of this study do not support the hypothesis ‘

that boys outperform girls on multistep verbal problems, SRR

then these factors identified by Fennema and Meyer may not o

be present in the classes used=in this study

R AT :fLimitatiénsxl

Gertain limitations of this study are noted in this
section.ﬁ Eirst, any generalization to other p0pulations '
of students not sampled 1n this study must take the o '

following considerations into account. The sample of

7 students used in the study was small, 40 students, from

one geographical area of the prov1nce, St John's._ All R
three schools which partlcipated 1n the study were located
in the suburban sections of St John's and consequently, ’
the majorlty of students attending these three schools

0 v R T

'were from the middle socio-economic class.

”HFProblem solving ability, formal reasoning ability.




problems.

‘ ascertaining them. Theré'ﬁas'no'claim"made that the skills

necessary to solve two-step verbal problems were identical

?

to the skills necessary to solve other multistep venhal

“at L., R

problem test five two-step verbal problems, and the

iagetan task test four tasks, were major limitations—

basis of the data collected correlation coefficients

calculated, and the tests of significance run.

o

students who are still in-the, concrete stage of !fd:f‘ﬁ

develoPment have more difficulty with two—step verbal

Finally, the relatively short length of the verbal “?if“ﬁ

problems than students in'the’ formal stage of- development.

Z.x The sex of the student does not affect either the

student's cognitive develoPment stage or his ability to

[P SN P SR

RN
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> . The reeulte of this study when taken togeth &iwi-th the’

FH - results of other research studiea dealing w:l.th p blei R
i, | W solving ab:l.l:.ty and/or OOgnitive development stage contain.: & o

1‘ certain implications for educators and teachers at the i
e e, T s , “ 4 2 -

edb " elementary echool 1e.el.

o BN Y percentage of students in the upper elementary gradee yvho
i have atta:Lned the formal etage or development. .‘;l‘his i :
::'1.{.:.‘ ] ‘ im:l;lies that for the vastyma:]ori.ty of stiit'ients‘ in' 'the'. Vs e
et et uPper elementary grades, methode and strategieel o!f n w _: N
:' L 'instr.uc‘tion must be oi‘ a concrete nature.,. That is, teachers ,
stage of deve10pment. ol e B ‘ \
4 ‘ ;'. - 5 .The obeervation that the ma:jority of students in the ) ‘

development ,poses impli‘.catione f-or the sequencj.ng and

Plaoement of types of multistep ve.r'bal problems.- 'l‘hue

L

a thorough analysie of types. of multistep verbal yroblems '-.'

sl;*‘l.d be made as . :

o, LN ~ s ®e,.e oF e ' . . - “o
7 . 3 1) N g ! K ¥ 3 v . e P
. . N o
. e . 5 . . Y 0
. g N ek ERECRI AR :a - TRURCUE IR B A ]




et
" Y T .
N N oo .
- O 2 . § RS
e ik ; - "
. ~ % [ = e .
~ 5 . - y & P e U o2
oo 3 . e R, [
v 5 ’ e, -t N
; p MY pd
«

.

- T

. . S
R N aatdaaen Dbl i LR
C N |3 » 5
-
.
f
.
.
o

4 - L school in order that students would have acqnired the g
A 5 .necessary formal thought processes necessary to understand
r VA Ko §EoE T LT P s

bRl :this type of problemc ‘w oo -T" ‘;"ﬂ - tf\ I"«.- B

T a s

i,m o IR ..-3
_‘classroom teachers of mathematics to .nstruct 't

oy

.
.-u

whether there exists a general relationship between

_“_;‘cognitive gérelopment and multistep verbal problem solving
- ‘, " j Y : .’ " ' / 1‘;‘": 1:.‘~. “_ o8 g
g S 2. Studies similar to the*present study be conducted
v T ’:ff.-;."w:l."l:h students in: the grades An; Junior and senior hign”
» ,a{_‘ 03 g oo

school to‘try and determine if the attainment of the':

.proportion of the students leads to a higher:hultistqp

Verhal problem solving performance in theee grades...g

4 } . be conducted at the seventh grade level to determinenf: fj‘
o e S e e
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operational student are. equally important in aetermining
"Jproblem
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Studies be undertaken to try and,determine if all

thought processes available to the formal 1f' ’i'“fiiq

solving ability. g-;.? i =~,L:;,f>' g ,,ﬁi -
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;Studies be conducted in the’ upper elementary
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e \--'.l'h:ts w:tll introduce t:o you Mr; ‘Walter Ryan who is on a Haster 8
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. :-dedling with Word.Problems “ Plagéts Levela of Thcought w:u:h a,random* o
2> '.’ sample of Grade Seven studente. 3 i
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J.'he Board. haa no objection to: tb.is atudy and I Aam sure..Mr

Ryan wWill appteci,ate your ¢ooperation :‘:n a.llow:lng some of your: students
to be invalved' S i A
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:gf;}}.a;" discusSed study in your.school,: My.pecords. -show ‘that. I‘

o ﬂ25 Fourth Street ,V“W.g
s T T e T AN 234
R T S S March 22, 1982

- “ \ = ‘. -, e
. “ A _A 3
- ' : it o . b
R Y TR o .
» Dear,4f3‘~v P

.o -, i

'Qg'f“’ - This 1s to confirm the undertaklng of the previously

o e D ‘will. be conducting my festing in _your, ‘schgol-on April
IS 'and S, 1982, 1f "these dates are .ho; longer appropriate :
please contact{me by telephoning 364—3867¢ -

P
.‘-,'

'f;;.ﬁ;f*;;;*“ I have enclosed a list of students in your school
~"~1‘:that have been: 'selected: for the, study. ,If any»of the. -

selected students have left your sehool please inform me'
Of Such.‘ A

- The basic setup of the study 1s as. follows. On the FROTA
first hour and “‘one. half ‘0f ‘day “one I, will. administer & .
. “problem’ solving tesdt and a. reading’ comprehension test to
the entire -group.of selected students. ip your: 'school. ™ In

- " the' subsequent time “on. the two- testing days: I Will b
S administering four Piagetan tasks to each indiv1dual
e student. ‘ \ et p_;

,?~ﬁ¢]} ﬁlf v Thank you for your co-operation,
' sl appreCiated.ug:. N . X
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So.’I.ire each' of the follqwing problems

gradg and

e J 12 meters long 1s-

X i’p:.ec

rope 1s-

How long d.s _.th -
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SH}O giving haircuts.

:«halrcut.
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Denlse earns $1 2
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can hold 12, baseballs.v How many boxeé does Mark

_much does the: load-- weigh‘?

4, 50
.

3 et

et




DIRECTIONS : Solve ‘each “of;

5 T

-

pollutlon ca-us es?
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14; 'Suppose each person who walks through City Park throws
- | f.;Z candy bar wrappers on the ground. Every hour 65 . !
?ﬁ_;.'j i .:;1ﬁbi}people walk through bhe park., After 12 hours, how

ﬂmany bar wrappers are all over the.park?

'Tlghdresses were torn and therefore returned.; The resf of"‘

v

”;:ﬁij”fbgi;j;the dresses were sold at $1a each.“ How much money was -

NI o

1
]
{
ST T recelved from the sale of the dresses? “* - \“V‘ih'ht‘d
!
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