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A STUDY IN THE. PIAGETIAN COGNITIVE LEVELS o e e
cw‘fi',_u “OF DEVELOPMENT IN GRADE g STUDENTS ‘iiﬁ4‘ﬂz]"iggﬁl':'-.“

by P RN L e T

R . ot G o s g . 5 : '

) ‘Montford L. Pritchett =~ ~ L ooy
It was the purpose of th:.s study to de’cerm:.ne t ot
Plagetn.an cognJ.tJ.ve levels of development a.t th.ch Grade 9 . i
students \are working . | ;e L
A revxew of the lz.terature 1ndlcated that there were -

-,

'four ~dlst1nct Plagetlan stages of cogn:.t:.ve development. s’ * 7T

l Sensorl—motor stage (0 to 2- years old), ""‘ 4 v

. “\ 2 - X
-4 Formal operat:.on stage (beg:l.nnlng at 11 or 12
) years old). a '. L su.s \/
s The follé\ng five tasks were chosen J.n an attempt to provz.de gl

'

answeps to- the problem-—Conservatlon of Matter-,—conggr-vat;orl_____

1

of Welght, Conservat:.on of Volume, 'the OSc:LllatJ.ons of the S "{i
\)Pendulu.m, and Comb:.natxons of golorless Chenucals.. -' » R
) . The 1nvestigatot and four fellow teachers observed
'. each\of the 30 subjects 1ndiv:|.dua11y as they 1nvest1,gated

the tasks.. The sample was randomly selected from the 200

\Grade 9 students 1n Queen Ellzabeth Regmnal quh School,-

Foxtrap. AT ‘.'. & 15 /
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Fren c R : Each student was ClaSSJ.fled mto a mlnimum levelb of s ,’%
8//\\ ' cognltlve development utillzlng the flrst three tasks and then :é
he was c1a531f1ed 1nto a 1evel of cognltlve developrhent on . %
o E iy the bas:.s of each of. the last two tasks. _ The percentages of " ) %
; <J B student‘-’u worklng at the dlfferent levels of c\ogm.t:.ve L ‘ ;:
e development, were determined 1~Levels of development nwere - ﬁ’;
_glven numer\’\zal values.. 'I'he performances of the three Math-‘-,-_' 5;
\ d ematical. gro ps - Honours, Matr:.culatlon,' and Pre-VocatJ.onal,-" ,?3
: gy were compared on the Plagetlan tasks. The 1m011cat:n.ons of '
Mthe study were cons:.dered. I S w,, T | 7_‘
' v,.,;,‘..y .' The major f1nd1ngs and eonclusuOns of the study were _‘ )
as follows- | | ST . ’ e
9 l. Only approx:l.mately One-thlrd of the students were' :'
working at the level of formal reasoning and approx:unately
two-thirds of the students were worklng at the concrete o 5
-op‘e?r'atlonal level of reason:.ng i 4. : o o ., L '
¢ o T 2. With resnect to performance on the PJ.agetian tasks, . %
e ﬂ | there ex:.sted a- reasonably hlgh correlatlon between the ) ‘ . :
streams Honours and Pre-v‘ocational Mathematics (r = 0. 811) ’ -. f 3'
| ‘&, moderate correlat_on_hetneeuhe_streams_mat—r—;eulaaen—m&——-—
: Pre-Vocational Mathematlcs (r 0 466), and a low corr:erlattl.on~ - T&
between the streame.t Honours and Matrlculatlon Mathematics . \::;"'
“r=o0302). . . | . ¥
,' ,ﬁ °." ' 3. ‘Thexe were signif:.cant differences in perfonnance |
| on the Plagetian tasks among the three groups ' but th:n.s proved f
: to exist only between the Honours. Mat‘hematz.cs group and the )
S "'. ' Pre-VocatJ.onal Mathematics group.‘ T i S ‘ ‘ &
a A i s !
»w;e\ca:.;';b:':.,:‘,onw e d e’wa 5 '*".“M-"-:ri' > o e o {siri.q.ﬂ TR Jm 2
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Delo e e I 0L PHE PROBLEM _
L LU T e UInkcodietion
5‘, - ,"' ¥ Over the past few years, the deVelopment of the _'New )
Vo oA Mathematlcs' has seen many Changes made in the mathematlcs
g = e e A curnculum The Cambrxdge Conference on School Mathemat:.cs
oy g :

G (1966) has advocated thatamore tOplCS be placed into the ngh"
L ";':School, whlch were previously taught at .the- un:.versity level. |
% .' -..,‘However, mathematics educators in- Newfoohdiand aﬂre presently
'»advocatn.ng that not all chn.ldren are adequately prepared to
kcope with the conteni: ahd r;t.gour of such hJ.gh school math-— .f' |
i '; 'ematics courses. It becomes necessary to. first look at the

-'characteristlcs and abxl:.taes of the students who are enrolled

D a eodn such ourses. A

Bruner (1967) wr:.tes. |
g : ) : “'-T"Instructlon is,' after all, an effort to: assist or: to ': A g

Cogfoeb S shaper ‘yrowth. . In devising instruction for the young,
j -7 -7 - one would be ill advised indeed to ignore: what is .
";f" known .about. growth, its: constra.mts ‘and opportunit:.es. e
R .- and a theory of instruction ‘is in effect a theory of-
Yoo Tl et how growth and development are ass:.pted by d:.verse
P M o ‘ means [p. ] : F, i -

J

: _ Y 'f‘Most models of :.nstructlonal develoPment and curr:l.culum v.: - -

"'-'development advocate smllarly that the fn:st step m such

devalopment is the assessment of student characters.stzcs.

B T g B ..In dlscuss:mg studies of learners and learnlng processes, ‘

A -j‘ 'I'aba (1962) states' -
8 [y / ! ' ‘i .: J b ’ ' @ ; e
: . N \ ) . ‘ - A
. ¥, \ T e




4F T

.' "_;..' P:Laget s work coutrlbutes in h:.ghly varied ways not onky

' .general theory of behav:.or, and at least partlally, to
, neuropsychology p. 305].»‘
a reasonable one to choose in a study concernmg children s'

.'development.f Even Bloom (1971) states. "Plaget's framework

"9 students ;

 were reaclfed oncerning the following questions. b

’ work:.ng at :L) the concrete operational stage, and id) the

TRRITTE, J A a Loy =

¥ v E %4

}Aéormatlon from these studles serves an addltlonal re
function of helping to- determine what is feasible - .
" at any one point of development/ .or the approprlate T

level on which these outcomes ére attainable. Thus &.
the studles of- deVelopmental /sequence should indicate -
. what reésponses of intellectuadl, emotidbnal, or -social
. maturity can be'attained by étudents at  different«
age levels with dif ferent abilities‘and varying A
, .patterns of social learning’ [p- 194] . p ¥ o ‘, e

. IR & : 5
'-WM i !
ST =

S

"’&‘;i”’f”ﬁi:_“j"j' ; :' = - g oy

Hunt (1961) notes that Plaget and hlS colleagues have -l

studled the deve],opment of mtellectual functmns and logJ.c

el s s

in ch:n.ldren ‘for more than thlgty years. Hunt wrltes that R

‘to the theory of development, whence 1t derlved but to the f

“.
.

So Plaget 8 wor)c would\ seem to be

makes 1t possrble i:'or the teacher to know what a 4-year—old.

has to master m order to progress to the level of a“ n.o::'ma].~

7-ye r-—old anc\ eventually to that of an adolescent °[p. 297] - _

3

/ Statement: of the Problen - . "‘.

"

- This study was undertaken. in an attempt to determine

thePiagetian coghi‘tive' levels ofldevelo‘pment at AwhicH Crede

\

re z/ork:.ng. : 'I'o achieve this. goal, conclus:.ons

.formal operatzonal stége?




.

r?eans of comparing stddents in\this province thh student o ,
'elsewheré- | A ° o o a -,u.; N ~,f;; .
A‘ ‘ i According to Piaget, children progress :Erom‘the
S 4'_’lconcr)ete o.perational stage to the formal operational stage -
.-at about age eleven or twelVe ‘years‘old. On the basis of 4
h:ls f:.nding, ‘it could be argued that most students‘in Grade
-'9, who are on" t‘i‘fe average fourteen 'or fifteen year,s o’id, ,'._'-'

,I o \'_' $ . . ’o ~ ,.:7‘.. . i r‘~‘ a ,‘ ',‘0 la ) 9L \ '\ ‘.7:._.
------- ',.. . i * : . K} G;__*w';! \.‘, & 6,“ = o Q e’;:;"";v‘ ';'-j—\—' ‘.- ~__ “‘.' % ;,'
% - /,_ . : ;‘ % : . i :“ . oo » . s ) il : ":f -
‘ '. o ' ! . l\-. ‘_l'. , “ " . ’j‘r‘l ‘,ll~ % ) ““; °;° : '.““’".:" og’.‘ ;: '-‘ii’_‘.
. v : “ v‘, ' e b o ' ,'; ’ b i . T ’ V- (_-.."‘_ "'n‘l' ;'l “'..".
it =y O - I“S there any correla’tion between thlS ‘,cognit:ve =".; N g «
L L R : TR t
g 1evel of development and the student s p.‘Lacement in. a hzgh R N
vt 9..". s L nlke
o J ’ - et e
' school mathematics Stream, in this case, Honours and B e ,‘eg
fMatriculation Mathematics, as ‘defined by the Newfoundland .‘1. e fé'}i '.
Department of Educa‘i‘-i"ion, and. the locally deflned Pre‘ R
Vocational Mathematics? - - ;‘:f. e ‘3" :'.“‘: , , "3"":,
. o 3. Are the‘re sign:.ficant differences J.n performance
" % 5 i’

i.n the Piagetian tasks among the three: high school mathema'tics',--;- :

' \..- : £ 2 T L T TR
streams? . . f’ ~ . T s o
<t °.4 s Ve Piw % & owe g G e TR W
L.t s B : 2 e e TR e i
e ~ Significarce of the "Study RIS A
. ) ! ) 3 --" % ’ 8 s oo 2 o, & i
i . In. otlrer parts of Canada and 1n man‘y parts of the R
. ) " D . . 5, 'A,
vworld,

stud:.es, such as Lovell (1961) and Renner and Stafford

%"
qn . \3.'
Fut .

‘.(1972) ’ haue been carried out to determ:ine éhe cognitive ",'

¥ r . BN

1evels of development of school children. In some:. geograph—

Q "
z.cal areas, :l.t has been determ:.ned that‘ a studenﬁfs cognitive

deVelopment lags heh:.nd such development: of a. student ,in v e

The‘“ researcher could find no

o

v.--.other geographicai areas."

no v"

L]

d recorded in Newfoundland. uch a study could provi. e
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shoulqﬁke;functloning at the formal operatlonal 1eveb of

hought.- This study has attempted to dlscern 1f\these ~,“}“

'students were actually worklng at that level of reasonlng.lifilf;j,

'q _ X Presently ln Newfoundland hlgh school mathematmcs

¥ iy ‘.‘_j‘
I &

"has beén developed along a tr1 level streamlng approaéh.

In each grade 1t 1s p0351b1e‘t9 place a student 1nto;éne of

3 ", a
4

three dlfferent streams. Is there any correlatlon between

‘I
b “ ¥

f-e student 8 placement 1nto one of these streams and hls level—,

. \

of cognxtlve paturlty? One wo  d be‘anclxned to belleve .i"g_“
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: % | To rev1ew Jean Plaget's llterature 1s an - overwhelmlng " -
;_ £, } task.A Hls wr1t1ng over the years has been prollflc.‘ Accordw 3
: '?“'4 "s“j¢ln9 to. Flaﬁell (1963). he has wrltten over. 25 books and over j
B ;5 . S
a, T omag gt 150 journal\artlcles 1n -a perlod of more than 40 years. " e L
B, o ow H ) .’; l
T

o een T }‘-_Q'Therefore, th;s chapter Wlll only deal WLth ‘the recurrlng .

,,; (-
4 . ¢

.'{themes and most‘slgnlflcant notlons of hls writlngs. It w11$

el s T

0. be necessary to deflne those terms whlch he frequenﬁiy uses,. .. K

. {to rev1ew hls conceptlon of a chlld's deve10pment of know-‘lh

? ’ ';_ledge, to look closely at the dlfferent stages of development i
ki SR 'whlch Piaget descrlbes, and to: examlne some’ of the research ‘5ﬂ

‘: gy 7 = . ’ A .

ﬁ - L % .ﬁrelated to tbe toplc under study. .

% : - ’ '
W L LI - o R U T PR P

... " .t oHe.Foundation of Piaget®s Theory . . L el

4 ar. -
ek

. v:';' ! ‘ ’ : ; - F o
. )\ ." ,‘ . \ ", . s ’ B S
W = The followlnéyquotatlon is an example of Plaget s '1_' s

TV ff wrltlng. ‘To comprehend statements such as thls one requlres e

b o hef tr‘t an understandlng of the: ba51c terms of his theory., PLagete'f7

(1960) wrlteS"; n‘ ﬁ'l . ‘
: . i S @, ‘ . ¥ v \“ . . :

F. S "‘f,;_"i,z- Every response whether 1t be an act. dlrected towards o

’ A - .. the-outside world or an act. internalxzed as thought,,,H.;:,.gl;
$so.- 7 . .. . takes the form-of an-adaptation, or better of a: xe=- .\ . o)
g L0 e adaptatlon. ‘The individual acts only if he experiences:

wa need, i.e. 1f the equlllbrlum betw en the environ-~ :

r
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. ment andfthe_oréanlsm is momentarlly upset, and . b e :
action tends to re-establish.the equilibrium, - i.e. 1 AR
to adapt the;organlsm (Claparede) [p-,4]. . A

¢ Phllllps’(1969) notes that three terms whlch are -

found frequently ln Plaget's llterature are functlon, struct—"<

i

ure, ‘and content.‘ Phllllps states that "thé basxc under— f\\;:

\
~"ly1ng xdea is that functlons remaln 1nvar1an

<

but that

structures change systematlcally as the Chlld evelopsL

Thls change in structuré\ls deveIOpment [p. 71. "\Flavell

\\

(1968) thinks that by content P1aget refers to the unlnter-""
preted behavxoral reactlons, by functlon he refers to the, jh
1nte11ect's endeavour to relate the old and the new meanlnéd'v
fully (1t is the’ act1v1ty of the 1ntellect that is character—

1st1c of the development of all ages), and by structure he

':.refers to the organlzatlonal abllxty of the 1nte11ect.,

Structure is created by functlon and 1nferred by content.‘

'ﬂu-~Flavell (1968) summarlzes by statlng that "function permlts

cogn;tlve progress, content is the behavior that 1nforms ps

that functlonlng has occurred- and structure is: 1nferred z*ﬁ;

" organlzatlons that explalnawhy a partlcular content appeared

[p 18]" s B P

“
. Y

‘ Oﬁe of the most fundamental terms of Plaget 's theory

is the term ogeration, whlch Pigget (1964) describes as

central for understandlng the development of knowledge.' He 5

thlnks that to know an object 1s not merely to 1ook at lt

and make a mental lmage but 1t 18 to act on 1t.- Plaget
A

bon ends that to know an object 1s to modlfy,_to transform

“‘the.obgect, and ‘to understand the process of" thls transform~

T

B SwLE ok

3




‘§at10n and.as a consequence to understand the way the obje

-ls‘COnstructed Consequently Plaget (1964) descrlbes §\\f

~J
*
E)
o m«»ﬁ"““‘w'wﬂ;"’mﬁ'- >

' operatmon as Man 1nter10rlzed actlon whlch modlfles the i o
i v ‘.object of knowledge [p. 176].‘3 Thus an’ operatlon becomesv?‘ 7iu%
;" the-essence of knowledge. An operatlon‘ls not only. an f
lg 1nterior12ed actlon, but it is also a rever31ble one - that g
i_? 'f-is;’lt can take place in bOth dlrectlons, as in the case of . f
§' \ addition and ‘subtraction, for example. Plaget further notesr " ﬁ
5{, e ”5that an operatlon cannot be 1solated but lt only makes sense ‘
f? :v _:cin terms of a total “structure' _ piaget’ (1950) contends O "\g'l
" Y tthat the fundamental problem of emp1ric1st theorles of mental ; 2\ ?
‘ W nexperiment“ is that they attempt to look at an operatlon as. Yoo
;; - j: hl {one sxngle act.. He perce1Ves the systems whlch are notxce—?” i
;i ' :.“;ﬁi;‘:: able in thought as groupmngs whthh are analogous to groups
?f : ‘,5-_::l‘;:' [1n Mathematlcs. Thus hls grouplng constltutes a well-" ,
%; ; _ ;m; deflned _structure whose operat1onal ‘rules make up the 1og1c f
ga‘ :f“iG-,f_,ﬁ .T fmwholes whlch translates into an’ axlomatlc or formal pattern g
ﬁ{‘ .'}L ‘hxﬂﬁ-5‘ the actuai work of" the mlnd when 1t reaches the. operatlonal b .%
if? l u“level of its development, that is, its form of final equilmb-~ LA."Q
g‘m"i' .1'nfﬁ_:1~r1um. Plaget\refers to these cognltlve structures as schenata. g
FE | 'il‘: . Flavell (1968) defxnes schemata as- cognltxve structures - -§
;_s.whlch refer to a class of 51m11ar actlon sequences that are - ;
) .strong, bounded totallties in wh1ch the elements of behav1or ?
“are tlghtly 1nterre1ated.' A schema is. labeled by the behavxor E
e "gsequence to wh1ch 1t refers.: Thus Plaget«sﬁeaks of the schema = d
of suckang, the schema of. hearlng, the schema of 31ght, and
TN sooon; An action%sequence,blf 1t 1s to be a schema, must have h;"
& . By 4‘ - L . : 8 7 -'J:fff\\ngﬁl {-tn,
. v . L e T
i _ : T A .
s = : v om0 A L 5
. % - tey T T R .



~j..}.certa1n cohe51veness, and must malntaln 1ts 1dent1ty as ‘" o

: fqua51-stable repeatabie unlt., Plaget (1952) sees a schema'

3'35,24‘ ‘an, ensemble of sensorl-motqr elements mutually fﬂ =

& " . g 4:_' o
. = “ & o " L 5 e

-

'-dependent or unable to functlon w1thout each other [p. 244]

A

[EIR TS

e

The same schemavln dlfferent subgectz w111 not be exactly

allke but 1t w1ll share common featu es. Flavell notes that

ST G )

!

R
i,
v

‘schemata, being strug’ures, are poth created and modlfled ‘ﬁ
R4 TS by fhtellectual fuhctlonlng and are. far from belmglstatic ;
b  ;:':V!“?If1 ffm \ Itlls now necessary to return to another termAwhlch,<J‘:1A %
“ faj:'JV ' was utlllzed\ln dlscussxng structure - equmllbrlum. 'Beforeﬁ ’
T L ot thls term can be explalned the notlons of a591mllat10n and.ry . ?
,ﬁ ) \"t'., o w accommodatlon w1ll be' dlscussed, An understandlng of these:‘f“‘? o
é iy "3£ﬂf:f two terms should lead to a- better kn ile&gefof what Piagetf" ; | ;
E AT e " ’l" means by equxllbrlum. ; Ef N 1‘.u.  ‘ g
% N J\j"i‘ - TU f;aget's concept of funotlon has. already beenAde; V'f
? .1’ "}:L.v:<t scr1bed:t Phllllps (1969) descrlbes two ba51c functlons'- E

organlzatlon and adaptat1on.. Flavell (1968) notes Ehat these \~g§. .

W two properties or 1nvar1ants hold ‘true at all levels of %
% development.;jEvery act 15 organlzed and Philllps (1969)'

: contends that the dynamxc aspect of organlzatlon 1s adapt;- i

. ation. Flavell (1968) notes that adaptatlon is seen as the

f ,‘).;1:~_f‘ lnterplay of two processes:’assxmllatlon and accommodatloh.

He contends that assxmllatlon occurs when the ch11d acts on

& B ‘an env1ronmental objeot in relatlon to hlS prev10us experl-

¢ N S L T , o
é R ence w1th some\simllar object and 1mposes some. of hlS own‘**

-l.
B . g \

; ' conceptions on: 1t, whereas 1n accommodatlon new: actlvities
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, are 1ncorporated 1nto the chlld's bank of knowledge 1n . L L

reSponse to the demands of the env:x.ronment. Mlnk (1964)
.

g provmdes the example of a ch:t.ld who has a schema for pull:_ng.

. % [ :
DR Py S T T T o
¥ 5

]

If the Chlld w:Lshes to reach an object on the far edge of a

EHETEe

Y

k)

!

rug and does 80 by pulluxg the mat- P:Laget would say that

the behav1or was aSSJ.mJ_lated 1nto the ex:Lstlng cognltlve

it B2
SPAI e

structure. He also g:Lves an example of a g:u:l \who has a

,

N -&‘».E' "=' PO
;-

S

‘ -
lJ.ft:mg schema and can 11ft ‘a bag of grocerles. Yet l.f the

‘same- gJ.rl w1shes to llft a 50—lb boulder for the flrst tz.ﬁie,

she must accommodate by bulldlng the behavxor sequences 1n— )

volved -in rlgglng some klnd of pulley system. Thus the

. % T
\\ B
ex:LstJ.ng cogm.t:.ve structure 1s changed to cope‘ w1th the new

Pa T Tae T problem' s:.tu,atlon.

.

A

Ad'aptatlon is 4 balance of the terms. Q

; assimilation and accommodatlon.

.

'1:0 summar:.ze, Mlnk (1964)

Lo

N states that if one can take lnto an exlstlng behavmral 1
\ ' pattern, one ass:.mllates, but if one must change hls pattern

v

TRt

of response, one accommodates.

. T

A f\'
¢ f CoL e 'I’hJ.s leads dlrectly to what Piaget (19 54) refers to
1] - g . ) ) o

TRk R as the princ::.pal factor in the development fro one set of

L structures to another..aequlllbra\:lon or equlllbrlum., P:Laget

T (1950) states that‘ w, the equ:.l:.br:.um of operat:.onal thought
» .. T a

!

is in no way a state of rest but a system of balancx.ng inter-

A e g,

changes, alterat:.ons wh:.ch are bemg cont:.nually compen ated

L. by others p. 40]. " Flavell {1968) notes that through nter-

e 78

actlon w1th the emrlronmenx,/ data is ass:.mllated Wthh c 'eat;es-
. P
_ iR . a dlsequ111br1um W.lthln the organism whereby ex::.stlng

cannot cope w1.th the new. data.

Through the process of"z

- o= =
- NI
4 BRSNS




L . f v

modatlon the new data ‘is 1noorporated 1nto the organJ.Sm to "

g

a h:l.gher level of eun.lJ.er.um It 15 through thJ.s

create

4

process of st,ruung for equlllbrlum that cogm.t:.ve development_l

- v w4 takes pl\ace. Plaget (1964) sees equlllbratlon as a’ process

of self-regulat:.on and notes that he uses thls term ‘in the
. . o e \ ’ C
& &= ., . . sense ofr‘ rocesses w1ti1:f‘feedpack and feedforward, ‘or processes

S, s i e i o W B Gl ™
S O e T AR

B whlch reg 1ate themselves by a progress:.ve compensatlon oE
. B "systems.' 'I'hls process of equlllbratlon takes Zhe form of

it ot P successfuL levels of \equs.llbrlum . There .ex15t . a sequence‘

= \

."-_ s S g of levebs such that lt 1s not poss:.ble to attaln the second

level unlejss equ111br1um of the first level is attained. The e B
1;equ111br1um of the th:er 1evel can only become poss:.ble when

‘.equlllbrlum of the second 1evel has' been reached and so on. * .
% e N

‘It"_',;'l.s only now that one can make sense of ‘Plaget's

.- concept. of intelligence. _Piaget (1950) ' sees ihtelligence as

"the state of equlllbrlum towards whlch tend all the success- _

[R5 T

Tw 1Ve adaptatlons of a sensorl—motor and cogm.tlve nature, as, .

e > % , e Awell as all assmulatory and accommodatory 1nteractlons
: T 5 between ‘the : organlsm and the environment. Ip. 11] He per—
LI ce:wes mtelllgence, whlch 1s ‘the most plastlc and at the -

same t1me most durable structural equ111br1um of behav:Lor LI el

as essent:.a.lly a system of llving and act:.ng operat:.ons. He‘

sees structure as a partlcular form of equlllbr:l.um, more or

Vv

& | - B o ' less stable w:.th:l.n J.ts restrlcted fn.eld and losn.ng 1ts : o
e B é

Comy W R B stab:.llty or’ reachlng the lx.mlts of its f:.eld. Smce these

: w8 -, 5w | \ i
oo T o structures form d:.fferent levels, they are j be regarded as

. *® 1
Yoo $. - - succeeding one another accordlng {:o a law o

v

development '

'
. : ’ '
. ' Pl

.‘.J e

-0

-
2Bl
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such that each one brlngs about a mcre\unclusive and stable' -
. equlllbrlum for the proceSses ‘that emerge from the precedlng
. 1eve1.“ Intelllgence to Plaget,.thepn is only a generxc term .
"to 1nd1cate the superlor forms of organlzatlon or equlllbrlum <,
- of~cogn1t1ve structurlngs;:y.'lhih,ij:f‘i;u”.‘iUff ,‘: ‘ 3.~ﬁ‘fl
N L. ' AL I : v -
iwr ﬁx:'ul" llwi Plaget s ConceE_,of a Chlld's Develqgment of owledge“
i Shulmaﬁ (1970Y'pointslout that:Piagetﬂconsidersuthe;: ‘
Achlld as. a developlng organlsm pa531ng through blologlcallyjr %
} '-determlned cOgnltlve stages. These stages are age-related d:. %
: although w1de varlatlons in cultures or envxronments Wlll Qé
o . 5 yleld differences in 1nd1v1dual rates of development.}h ‘ Afg
g{ ‘}.g"'f‘}:@ Shulman notes that .it 1s p0531b1e to characterlze certain 15;:“'1T";:;
;; | e o growth perlods by the, formal structures most useful for L i%
%. iﬂ descrlblng the child's cognltlve functlonlng durlng that time ' '::~[('§
gg . . f”;f span.» These growth perlods deflne for Plaget the major stages |
%f | | | ':fof 1nte11ectual growth.‘ - 1 ', : o B3
%i :31' j.¥:'j;”'r ' ' Hunt (1961) suggests the followxng underlying themes Ao
%' _;,;_QM;\_;;;ri of Plaget's work. C L o u';"
lé.»':‘; ;"_ if}.g S 1. COntlnuous and progress;ve changes take place 1n o ,; ;
‘é o ' : the structures of behavlor and.thought in the developxng ‘ ?
.%é SR 1? h'hl chlld. ) T D : \' N . i o L
5 : A T ' e - e e
Voo : . - B Successxve structures make thelr appearance 1n a B '
faxed order.f,:":;‘ , .'7," | A 5
5 3 The nature of accommodatlon (adaptlve change to-
outer circumstances) suggests that the rate of developméht
- - - Wit D
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. Tw gt B to'a conSLderable degree, a functlon of the chlld's'en—‘
.“.. . . !

-
&

.countere w;th hlS env;ronment. .. ”u‘-j AT ,[= ot g T
) : - : . & = :
4 Though; processes are concelved to orlglnate
¢

2 B T
& & %

e WIET

‘ -ithrough a process of 1nterna1121ng actlons.ﬁ Intelllgence
> — 1ncreases as thoughtﬂg;qcesses are loosened from thelr bas1s _‘
oy o

% u':;’,“-"‘.’,,':w'«mk" ‘.-N-}'a’r-‘sb" : PR3

i . 1n perceptlon and actlon and thereby become rever51ble,~e‘*j'. [i 4
éﬁ a'f{.:ctranSLtlve, a53001at1ve, and [so ‘on. : d f::| s ‘ ;
L N l;z@; lfzﬁhf- L A close relatlonsérp ex1sts between thought Pro- #_1ﬁhjfr

,; >y {-g; Q,d';cesses and pr0pert1es of formal 1Oglc. .‘;:; ;‘“. .

A . '3, s These themestrov1de a rather good resumé of Plaget slﬂf

. E '.work.' The four main stages in’ the development of the Chlld' K
.} "5; ) mental structures accordlng to Plaget are generally accepted.

3 x ".'T“ ‘~'as follows (Copeland, 1970) "'5'7.13'

2T e, B, 'nﬁ'{f.“' l Sensori-motor stage (approxlmately 0 to 2 years _f' o hjfﬂ

. "old), : _ . . 5 s o 4 o
2 Pre—operatlonal stage (approxlmately 2 years to. ot

: '.;' = B 17,7 years old),

3 Concrete operatlon stage (aEPIQle?tely 7 years {‘1;,

e ".;to 11 or 12 years ola),-

S " -' )
v . 3 ;

”;,h : . Formal~operatlon stage (beglnnlng at ll ‘or 12 oo

s T hyears old).' '” o ?' flx o : ”-SS‘f ';tii'*\.j f{?
i : h,?Vf ‘sﬁf oyThese stages will be discussed 1n‘deta11 later... ')5}._ dﬁf S
5% :Mgt f‘f.'[;[5,-:‘j It is worthwhxle notlng at thls poxnt that Plaget sees w“f~“
; ﬁtvl'i ;it¥v-!;a dlstlnct dlfference between learnlng and ‘the- development#of '”;ﬁ.«
R -ufsknowledge. Plaget (1964) v1ews the development of kncwledge ' 5}f3
. ) '{as a’ process whlch concernhuthe totallty of. the structures .Q‘tf"
o _5;' ) flfljof knowledge. However,_learnxng 1s provzded by s1tuatlons as L';h\:
: - . T T ———
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Ly belleves, explaln the development from one structure tg

,1 from one set of structures to another,

SR BT

| may vary greatly.

N welght as a phys;cal experlence.

pposed to belng spontaneous, 1t ‘is also lzmlted, to a slngle

roblem or structure.f So Plaget belleves that development

_'explalns learmang. Plaget descrlbes four factors Wthh, he -

q

1
i

another. N

in

L maturatlon’@%lch 1s‘a contlnuatlon‘of embr&%~
gene515, ’E ?, ,t..-. 1 i "‘p SR '7l‘;
2, the role or\ERperienCe~of.the effects of the

phy51Cal enV1ronment on the structure of lntelllgence:'

3 soc1aé transm;551on in’ the broad sense 411ngulst1c

transm1951on, educatlomu and so: on),,and S ,E- ~‘

[

1

4. equ111br1um.~‘ ’ f" ,‘r “Ivﬂ" z/

Plaget (1964) notes Fhat the flrst factor, maturatlon,

;‘must certalnly play an 1ndlspensable role 1n the transmtlon

but thlS factor*does.*

not explaln everythlng since the average age at wdlch the

I

' stages appear varles aygreat deal from’ one SQC1ety to another.

L

_fAlthough the order of the appearance of the stages does remaing

it ¥

‘constant, the chronologlcal ages at Wthh these stages appear

" ~

Wlth respect to the second factor, Copeland (1970)
p01nts out that there are two types of experlences 1n the

development of a Chlld s knowledge. the’ phy510a1 experlence

and the loglcal mathematxcs experlence.'

G
i

He describes the act

"”“Aof weighlng two objects to determine xf they have the same

The loglcal mathematlcs
{

'ekperlence comes not from the obhect or objects themselves L

;
K :
"
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but from the actlon of the learner on the objects.. Copeland'
i', example deplcts a chlldacountlnq a certaln numher of pebbles
' “in dlfferent arrangements and determlnlng that the'total is.
always the same."Plaget contends that these experlences arei

:necessary before there can be’ operatlons. Agaln he notes&

[

that thls does not: totally explaln development He 1llustrates i

o . 3
< o : thlS by notlng that chlldren acqulreﬁtonservatlon of suhstance ,

before they acqulre conservatlon of welght or conservatlon of

LI T
volume.. He argues that conservatlon ‘of - substance cannot beji‘
acqulred by experlence.\,f‘

- s \‘

. B
" ® = »
‘\\ ’ ' .

The thlrd factor, Copeland (1970) wrltes, involtes~

\ “,‘;A_' the 1mpart1ng of’knowledge by language.' He states that thls

L T factor is 1mportant but only when the ch11d possesses a
| "structure that’ allows him: to understand the language belng o
used ; Here the ch11d almosﬁ becomes lost because the teacher

. fay not reallze that the Chlld does not possess thls structure'

L

ThlS tlme Copeland glves the example of the Chlld who may see °

% ’ ”f;,: : the other chlldren 1n hls famlly as his" brothers and 31sters,,.f4

B

T - , 1"{' but he does not see hlmself as ‘a brother of. the other chlldrenfl

1n the family. He can only thlnk An one dlrection. s © Ta, BN

~ 0 . i

.f],

It is the fourth factor whxch anget refers to as the }53
'fundamental one., Copeland (1970) prov1des an example of-

™~

K]

,I-T‘ equlllbratlon. Havzng passed through the necessary Stages of
o maturatlon, the ch11d is shown "two balls of clay the same 51ze;'~' "
_ One is flattened. He is asked whlch has more substance, the" i _f;

flat plece or the round plece. mhen he restores the flattened' b Ty

MR LT, T

plece to Lts orlglnal shape and sees that they are the same."

1 * ‘ - i 0,

J . . .. § . . o L
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.. the substructure of later representatlonal knowledge. The'

"

.Pexpect them to be. worklng at the concrete operatlonal stage.

"Thus only these two stages -are descrlbed 1n deta&l..ly

vt aagni e

rth is. thlS type of rever51b111ty that leads hlm to a stage .,“

iof equlllbrlum, whereby he reallzes that changes in. shape do
Lr

not transform the amount of substance.' Through a551m11atlon

iand accommodatlon the process of equillbratlon is. carrled out.
\ :
Slnce the factors affectxng the changes from one

‘;tructure to aﬁother have been discussed, the . stages of

development w111 now be described . .'{.ﬂ

“ﬁ'ﬁ The Stages,ég Development

‘*‘\,\v.

vL91gn1flcant to ‘this study. Therefore, they are not dlscussed

in very much detall.« If students at the Grade 9 level are"

\ AN

:not worklng at a: formal operatlonal 1eve1 then one could

» d (w

,"

.The fxrst stage, commonly referred to as the sensori—

B motor stage, is’ generally cons1dered to last the fert tWo
,‘”tyears of llfe.f Plaget (1964) views thlS stage as the perlod

'1n‘wh1ch the pract1ca1 knowledge is developed whlch constltutes

fexample which he’ glves is that -Of the constructlon of. the if;”

schema of a permanent obJect. At flrst, an obJect has nO'S”

permanence for the 1nfant.\ Once the ObJECt is out of s;ght,

_ it no longer exlsts and no, attempt 13 made to flnd it agaln,;l."

After the 1nfant is a- few months old, the 1nfant attempts to:iﬁf”

\A‘ -

locate the object agaln after he has flrst seen 1t. Thls he;

The flrst two stages of development are not very A 5&‘\"

el

Dok

i

r%&@&ﬁ%ﬁ%"o
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presence of reversrble actlon. 'Plaget contends that

‘to use one to qall forth or refer to the pther. Flavell ’

’actzon. o 5 ',& _,',

'does by locallzlng 1t spatlally. Duriné”thi : eridd the PRI

Chlld develops a series’ of structures, 'such as the perhanénte'ﬁ"

; of an object whlch leads to the constructlon of sensori-motor

-

space, and other constructlons Such as temporal.succe551on

and causality.

“ : g .

Durlng the prewoperatlonal stage, Piaget (1964)

'observes that ‘there are the beglnnlngs of language, of the
‘symbollc functlon,land therefore of thought or representatlon."

' The sensorl—motor actLV1t1es are not 1mmed1ately translated

hl

- 1nto operatlons as Plaget has deflned them.- There, ls as yet

2

'no conservatlon whlch LS the psycholog1ca1 evzdence of the

'at the pre—operatronal stage will think that there is m re ;~

llqnld 1n a tall, thln glass than in a. short, w1de glass.

E ThlS absence of rever51b111ty is. perhaps the most 1mportant

e

51ngle characterlstlc of pre—operatlonal thought

B

By symbollc thought Praget (1950) 15 referrlng to the
~Lab111ty to differentlate between a. slénifler (a word anolmage,.'

.and so on) and a smgnrfrcate (a perceptually absent-event) and

v

'(1968) contends that Pzaget belleves that wrth the growth and
‘treflnement of the capaclty to 1m1tate, the‘ch1ld 18 eventually " g

'able to make lnternal 1m1tat1ons as well as external v151ble "

S

"_ones.. He is able to recall imltatlons made 1n the past. Thlsy |
””,_1nterna1 1m1tatxon takes the form of an 1mage and th1s 1mage,

'1~const1tutes the flrst signlfler Eventually the Chlld can

the image s;gnxfxers as antzc;patlve outllnes of future

~child




@ W Plaget (1972) gtates that the age o% seven to eight‘f:”

sl years, on the average, marks a dec151ve turnlqg 901nt 1n-the

e

2 ‘development of conceptual tools. The 1nter10rlzed actlons T

3 3 of
. 2 ‘e oy,

:whlch the chLLd possesses up to now acq_lre the status of 1f, t
.operatlons w1th respect to reversmble transformations modlfy—x'

'1ng certaln variables and COnserv1ng others as 1nvar1antsr‘j

' o A cThe reason'why they are called concrete operatlons, Plaget :
t . , % . !‘ ’ . ‘ . Lt

A (1964) notes, is because; they operate on. objects, and not yet g

RS BN

RN on ‘verbally. expressed hypotheses.‘ ‘At tH&s level there exiéts o8

the operatlons of“cla951f1catxon, nrderlng, the constructlon‘

lof the 1dea of number, spat;al and temporal operatlons, and . s
",3 ;: h the tundamental operatlons,/f’elementary math;matlcs, df ' .”,'~ f
;{‘3“"giamszj?ry geometry, and even of elementary phy31cs.gw¢ lfidh;
L 'So if both the pre—operatlonal stage and the stage '"fh

?:- of concrete operat1ons utxllze representatlonal thought, whatv

~

1s the difference? Flavell (1968) recognlzes the‘dlfference

‘. v »

:
sy
i

o when he descrlbes the concrete operatlonal Chlld as one who: o

3 i ’ R

- behaves in a varlety of tasks as though a? 1ntegrated assimr* ‘.f‘*,% ,

.{\ \g-ﬂllatory organizatlon were functlodi 4 in’ equlllbrlum or 1h -,--111'_53“

- balance wzth a’ discrlmlnative, accommo a‘ory mechanism.,’; o o

o ' o 5 4

R Hunt and Sulllvan (1974) contend that 1t‘1§ necessary :

. *a

“to outllne flGe speciflc operatlons An- formulatlng the

f propert;es of*concrete operations° .f,,~"~ fA-¥:~° : ";;3-73f 'ﬁ;ﬂ
'”{ “'ui. 'Qf'v' ‘ l Combinat1v1tyf an operatzon in which two classes R TRy .

..may be comblned into one comprehensive class that embraces ':;- : w0 B

o F; - Lk -

'-'th’t-m both. R T T e

[RS . .
3 v g o P | w " . . 5 iy g
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R ‘;?., 2. Revers;bility--every loglcal or mathematlcal
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: LR operatlon is rever51b1e 1n that there is an opposrte oper— l.
{ R _ . . 4 .

S i atlon that caﬁcels lt (for example, 3 + 4 " can be reversed

8
o

«

.
o

00
.

/
%
S gue SE, A A i I e e

3 AssoclatLV1ty. an operatlon comblnlng several

# classes w1thout regard to. grouplng, for example,’(a + b) N
N ¥"c,s a + (b +. c). L :3 -{"vl. e . ‘t ,fw'j.‘f:._"j‘ﬁ .
= ;-‘ :ltyfﬁ‘ii'r;, Identltx -an operatlon that can Be nulllfled by
; B . comblnlng it w1th 1ts opp051te (for example, A by 0, 0) f.t§x.
. i,:;g; ‘f{f, S Tautologx (or Spec1al identities)y: an operatlon _‘;
'3;fmv_ -f:{'h related to loglcal classxficatlons. 'Here repetltion ofia', .
: ; ; o :jj~ ‘.pr0p031t10n, c1a591flcatlon, or relatlon.leaves them - un—l‘;'.,‘»; fdé
é ) ‘l ‘ | changed. i, % - S . v
ol vl e The chrld is unable to accdmpllsh these operatlons prlor to 47
R VA ‘the concrete operatlonal stage. y ;
X ;_ ""'1b - E" ' Copeland (1970) glves anlexample of. reVer51b111ty.4:r“ o
) ;- HQ -i;«a i A chlld is shown “two . 1dent1cal glasses contalnlng the same }
% p-F ‘%';j;it: amount of water._ The water from one’ glass lS poured 1nto a -
; ; o "l:f\.a taller glass w1th a smaller dlameter.' In the pre-operatlonal
; o o ‘1stage, the Chlld will answer that the taller glass haF the =
:i " more llguid whlle in the concrete operatlonal stage,\the Chlld
; ,w111 answer: that they contaln the same amount. Piaget would. éfl
Z - o };.'at say that the child has the concept of conservatlon ofnamount :
% ‘ L" - and reallzes that the process can be reversed. Do A i
t‘ R N ' G For the- property of comb1hat1v1ty:ﬂunt -and Sulllvan ‘
§ (1970) provxde an approprlate example. Twenty beads are
L ! e
i .i:"f?' .:3 placed in a box. The chlld acknowledges that they are made P
ﬁ 5ff\l'”?'f?'7'Aof wood (comprlslng class B). _§eventeenobead were brown and %
y .'.'_ - ) . N | - N : ‘ s & .
. I - - T T T R, “43



(._": -were deslgnated subclass A,lthree were whlte and were des—:

v l- lgnated subclass Al. Does the Chlld understand that A + Al =
-tm” the pre—operatxonal Chlld replles brown whlle the concrete~"

"chlld is able to dlscern that all the brown ones are made of

_”ﬁg’ wood,,that 1f the brown ones are’ taken away the whlte ones

o

‘are 1eft, and that 1f all the wooden ones are taken*away,‘
there are none Jleft. "The. pre—operatlonal Chlld is. able to

n_ Centre hls whole attentlon on all class B or on the subclass

%
3

A or Al, but he is unable to handle both 51mu1taneously- né.:f’

c

falls to grasp the 1og1&a1 and mathematlcal truth that the'

ji whole 1s equal to the sum of lts parts, whereas the concrete

A
F

operatlonal Chlld can grasp thiS¢concept. Although the chlld
"']f at thlS stage understands the problem ln an experlment, he

1s unable to- do so in a verbal test.

ARGRFT R

= LW w 13 o Thus, the concrete operatlonal Chlld is béglnnlng to.

'.:’ | N . extend hls'thought from the actual toward the potentlal.__
3 : 'Flavell (1968) notes that there are several 1mportant llmlt—
a ~; l atlon%ébf concrete operatlons-

g L. The structurlng and organlzlng act1v1ty of the -

o :[3'.i'l concrete operatlons is orlented toward concrete thlngs and
EE R d;events ln the immedlate oresent. Although there 1s some'
;‘ hF movement toward the potentlal, it 1s of’llmlted scope and
3‘fﬁh"'m':‘k}.“con51sts mostly of 51mp1e generallzatlons of exlstlng PR
A S %

structures to new content. He does not con51der all ponrble

. eventuallties at the onset and then attempt to. dlscover whlch

LT

o T PP o ST e e

B’ When asked 1f there were more wooden beads or’ br0wn beads,‘”

operatlonal Chlld réglles WOoden.; However, the pre-operatlonalg

T Ay e _—
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' oE ‘these really occur. ST _‘ T '

',~2. The concrete operatlonal Chlld has to ellmlnate
the var:.ous phy51ca1 propertles of objects and events one " o
by one because h:l.s cognltlve :Lnstruments ‘are 1nsuff1c1ently

"formal“' 1nsuff.1c1ent1y detached ' and 1nsuff1cz_ently dlS\" R

assoc:.ated froxn the subject matter they relate to S0 that

1

: , LI they may permit a content free structur:.ng. ..

-

@ 3. The varlous concrete operatl.onal systems ex:.st as

. separate 1slands of orgam.zat:.on durmg thJ.s stage. ‘.l‘hey do :
% , .

N -

not 1nterlock to form a 51mple, :mtegrated system -a system 2

-k,‘

Lo by wh1ch the Chlld can pass from one substructure rto another
:~ 5 v_ . ‘.“
v ‘ “in the course of a. s:.ngle problem. The varlous cogn:.t:.ve

,'4" . structures, adequate though they may be J_n the:n: own sepa.rable

o domalns, fall to. comb:.ne 1nto the um.fled whole necessary to .‘

.

‘manage certaln complex tasks.

R

e ‘. Flavell (1968) contends that éOncrete operat:.onal

\ch:l.ldren possess both 1nvers:.on or negation and reclprocity, ,

the two k:.nds of revers:.ble operatlons. These chi.ldren do
not possess a total structure th.ch permlts them to’ coordmate '
‘the two and. .solve mult:.var:.able problems wh:.ch requ:.re th:.s ‘
kxnd Dof coordinatxon. Negat:.on refers to class group:.ngs \
whereas rec:.proc:.ty :I.S found 1n relation group:.ngs. ) L
c . - PJ.aget (1964) belleves tha'c the Operatlons of the
‘4 o ' I concrete operatlonal ch11d are surpa‘ ' : by the operatlons of
R the ch11d who has reached the folirth . stage of develOpment.
T , ‘,‘I'hls is, the level Wthh 'refers to as “the formal or

g hypothet:.c-deduc '_ e stage because the cfu.ld can now reason

N 4




e, . , Wl e -
*; : : 8 2. - i
T ey . on hypotheses rand not only on operatmns. Cop'eland- (l§70) . ) %
l o A | states that such a: Chlld beglns to c1a551fy, order and fx
7., . o " enumerate 1n the verbal proposxtlon form of deductx.ve log:.c.‘ ' .‘ )%
o | Such a person can operate w:Lth the form of an argument and ’%
o 1gnore its’ emp:.r:.cal com:ent. - ‘ L _‘ s 5™ ‘ ;

o Flavell (1968) states that the most 1mportant proper,ty | a%
of formal operatlonal t]hought concerns the real versus the o E %
i' ‘possn.ble. Plaget and Inhelder (1958) belleve that 1n formal
thought there is a reversal of the dlrectlon of th;mkmg :
between reality and poss:.blln.ty :x.n the sub]ect § method of L
TR I ‘approa'ch. ' They contend that p0531bL11ty no longer appears " /
s | g s as an'.‘e);tenslon_~of an 'enplrlg:al .s:n.tuat:Lon or o8 actians i | .
o ; : ,aotually—z;erforrned. ' J;t 1s ‘ real_ity that -i_si'now‘ seeondary to’ :.'1;‘
" R . poss'ibil’i.ty;. ."E"lavell.— '(19‘68) | note's* that the "formal; operational f
{' e TR s [ § Chlld or adolescent beglns hn.s con51derat10n of the proble.m
“ :., L 'x“by determlnmg all the p0551b1e relatlons tha.t could hold ! \
g’ h'-'true in the data and then attempts, th:r:ough a comb:.nat:.on
1,! 7 -‘,of\exper:l.mentatlon and loglcal analys:.s, to fJ.nd out which

: T T W v"'to be a, special subset m.thln the total:.ty of thlngs whlch
:_ - A;the data’ v.)rould adm:.t as hypotheses. Thus, conc_lus:Lons are /v'-
. ':53-};\._ ; 'l.rlgorously deduced from premlses whose truth is regarded only
ﬂ’; o it as hypothet1ca1 at flrst o . h o ey |
! S R ‘ Flavell (1968) llStS three character:.stlcs of formal
';‘thouéht as 1mpl:.ed by the above cons:l.deratlon. i
u ©o L. A cogm.tlve strategy wh:.ch trles to. determ:.ne nr
~;"rea11ty w:LthJ.n the context of pOSSJ.bll:Lty is fundamentally .
. ' - . -

. | -~

o - P T o

AT +of these possxble relatlons hold true.’ Reallty is cons:.dered

- - T
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o thlnking. )

rogs

that 1nvers:|.on applies to the abx.l:.ty to ellmlnate varlables. L =

; \ ;.:;

“/.

:+.on the flex:.billty of a‘ rod.

: selves but assertlons or prOpOS:l.tlons that conta:.n the data.
‘ Formal operatlons are really operatn.ons performed upon the )

' or operatlons of the second power.‘

T 1s left with. the real ‘ ‘-‘

. mental methods 1.n mult:.varlable cases.

¢ ) ] ’ 22- ’

.‘\

hypothet:.c—;ieductlve 1n nature. To try to dlscover the real '

among the poss:Lble 1mp11es that One flrst cons:.ders the

poss:.ble as a set of hypotheses to be successfully conflrmed..

2 Formal thlnklng 1s, above all, proposrtronal
The 1mportant ent:.t:.es wh:xch the adolescént man—_

1pu1ates J.n his reasonlng are no longer the raw data them-

results of prJ.or concrete operatrons. Flavell notes that

P1aget refers to fonnal operatmns as. second degree operatlons ;

’

Fo The adolescent subjects" all the 1nd1.v1dua1 varJ.- o

ables to a combx.natorn.al analys:.s, a, method Wthh guarantees o

A L]

that the possible w1ll be exhaust:.vely marupulated unt:.l he

“ (’, Al
o 1

As w:.th the concrete operatlonal chn.ld the adolescent

possesses both 1nvers:.on and recxprocxty,
%

soph:.st:.cated level .

but on .a more

He 1s able to. utlllze these exper.x- )

‘Flavell (1968) noteg

o What the formal operational Chlld possesses J.s the ab:.l:.ty

to’ deternu.ne the :mteracticn ‘of var::.ables. o

Rec:.proczty refers
to the ab:l.] ity to hold

'ﬂw

second factor: J.s bei.ng var:l.ed
\
SUpply an example 0>f ap experment where the problem 1s to

i factor s effect constant th.le a

Piaget and Inhelder (1958)

study the separate effects of the k:Lnd of metal and the length

' 'l‘he concrete operat:.onal ch:.ld

- : s
R T i N L s b - . .. d
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I of metals of the same. length. | ; [--1 o {o
5-§s'Welllas by exclusxon, and ‘ Nw'

3 pﬁrpose‘of ana1y21ng 1ts own role but w1th a'view toward

| analy21ng the varlatlons of other assoc1ated factors.;i

/{_of equlllbrlum at thls stage 1s ‘the 1nev1table result of the

: earller mental develoPment and for thlS very reason ik, can ;.d

. B '-,/,
lS unable to cope w1th thxs problem whereas the adolescent n;'

: /. .. P .
1s able to deal w1th thls prohlem by neutraﬂlzlng or control—‘

/ >

llng the varlable length , He chooses two dlfferent klnds

Plaget and Inhelder (1958) contend

coverles are\found at the beglnnln%$of the forma stage°

8 s factors can be separated out by neutrallzatlon

o N
¥ ) :

o B a factor can be elrmfﬂated not only for the

| S

A P;aget and Inhelder (1958) also belleve that the form

be con51dered f1na1 1n relatlon to later stages (adult

thlnklng) From stage to stage, equlllbrlum of operatlons

at each new plateau 1s both more stable and covers a more

‘ﬁ‘ extensive f1e1d than the PrEV1°US one._ ‘This general form Of. |,

' equllxbrium can be concelved of as f1na1 1n the sense- that

i

;t ls not modxfled durlng the llfe of the 1ndxv1dua1 although

1t ‘may. be ;ntegrated 1nto larger systems.

s u_b In attemptlng to. explaln the adolescent s new capacxty

“to orlent hlmself toward what is. abstract and not 1mmed1ate1y

~

present, whlch is an 1ndlspensable 1nstrument in hlS adapt-:f

1; atlon +o the adult social framework, and as a result his most J{

l

tilmmedlate and most deeply experlenced concern, Plaget and

:]: Inhelder (1958) contend that thls capacity is,the most dlrect

AR R S EE A T T oE T
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C cesses, structural deve}.opment and everyday appllcatlon, both

.'may not be reached by a large proportlon of students untll a
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'and s:.mplest manlfestatlon of formal thlnklng.. Formal

o thlnkmg 1s both tl'u.nklng about thought and a reverSal of

‘ relat:.ons between what 1s real and what ‘is poss:.ble.' These .

v'ts“:

: . are the two characterlstlcs whlch the adolescent uses to

bulld hlS 1deals in adapt:.ng to soc:.ety. The adolescent 1s

_ both capable of reflectxve thlnklng and of escaplng the

‘concrete present toward the realm of the abstract and the

' ’poss.lble. Formal structures not organ:.zed by themselves are

= only later applled as adapt:.ve instruments. The two pro—sg

\belong to the same reala.ty. Loglc is. not J.solated from. lJ.fe
. B

' .ord:mations essent:.al to act:.on. _ Cot L ;';

2

. Som'e"'Relat\:ed- Research

P:Laget and Inhelder (1958) bel:.eve that the trans:.tion

»

]

to the stage of formal reasonlng commences at ll or 12 years

of age.‘ Most first year students in. Grade 9 are fourteen or |

/? flfteen years old, Wthh means ‘that they should be working

at the level of formal reasonmg accord:mg to P;Laget and b

‘\Inhelder. In theJ.r research they contend that a problem J.s

'the chlldren of thlS age respond correctly. 2

e g

Reoently, there have been a number of studles con—

,',;':‘ducted th.ch seem to md:.cate that the formal op%tlon stage

3

"'7";solved by ch:.ldren of a: certain age when three—quarters of o

,,.:-;-,,a;,,w e aas i " ' &
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later date. In repllcating the experlments of P:Laget and
Inhelder on 200 Brlt.'LSh sub:;ects,.most of whom were’ between ) o
the ages of elght and: elghteen years of age, Lovell (1961)

t

_ concludes that :Lt 1s only rarely that average to brlght ]unlor ;

-, ', school chlldren atta:m the stage of formal thlnklng, that ."wl
“ ‘, - Lo the ablest of the secondary modern and- comprehen31ve school
4 9‘ pupJ.ls reach the stage of formal thought, but not all the

. older grammar school puplls always do so. :However, he con-

J . e ST cludes that the least able of secondary modern and comprehensxve

school puplls certalnly rema:.n at a low level of log:Lca]_

thought and ma}'xy of them 'do not seem to pass. beyond the

flndlngs- Of 44 fJ.fteen-year-old Engllsh chlldren of sub- ‘

T L

normal 1nte111gence, w1th~1nte111gence quotlents between 60,
.and . 80, 24 were work;.ng at the conorete level of cogm.tx.va
development and 20 were worklng at ‘a pre-operatlonal level™ '
o,f development. ' Of the 48 flfteen-year-old/ ch:.ldren of normal
1nte111gence, wa.t.h 1nte111gence quotlents between 90 and llO,
24 were w‘orking at. the formal operatlonal level and 24 were
"/worklng at the concrete operatlonal stage. _ Wh:.le dlscuss:mg -
",. the exper:Lences of researchers in Leeds concerm.ng aSpects " i
. of proportlonal:.ty and probab111ty whlch Piaget contends
1 ._:".' o o requ:.re formal operational thought, Lovell (1970) notes that
RO the ages at th.ch the cognitive stages were reached were older
than Piaget proposes. o | L K
' There are: a number of Amerlcan stud:.es Whlch have
s B reached sa.milar conclus:.ons. .‘ Renner and Stafford (1972)

B LE Lo . .:-. ‘ _. » .,...‘_ . oy 1 8 . -",’ ‘

O ”u'vt "

\ concrete stage of th-lnklng.' Jackson (1965) reached s:.mrlar o
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‘ 3ages of 265 persons at various ages show1ng clear formal

‘ i"co'n'clude' "that‘t 4’23"of "'588’students -from Grades T to iz, 172%',:

Q

are work:mg at the concrete operatlonal stage., In thls study‘

v conducted :Ln Oklahoma schools, they state that 78 of 94

students tested at the Grade 9 1evel were worklng at the

Y g
. 'concrete operat:.onal level. , Lawson-and Renner (1974) not‘e

that of 143 college students, selected from over 300 freshman '

. students 1n a prlvate um.versﬂ:y in. Oklahoma, 51% were. class-

,/

o 1f:Led as concrete op,epatﬂz/nal..: Nordland Lawson‘ a'nd Kahle..,
:(1974) com.ﬂ{that only 13 2%. of 506 dlsadvantaged students

‘from a pr'e,domlnlantly\ black. u_rban senior  high school were .
-'reaso'ni‘ng,' at a formal operational level. - The niajoritykwere
. found—to be concrete thmkers. Kohlberg and G:.ll:.gan (1971)

c:Lte a study by Kuhn, Lenger, and Kohlberg where the pex:cent-

fi " Ry

operat:.onal reasonmg at the pendulumn task are as follows- T

age ten ‘to fifteen - 45%, age smx{en to twenty - 53% age .

twenty-one to thlrty - 65%, and age forty-flve to flft_y - 57%. -
‘They conclude that these f:Lgures indlcate that it is not

:,unta.l age 21 to 30 that a clear majorlty (65%) attain .formal-‘

reasom.ng. Elk:.nd (1961) quest;.ons the age at wh:.ch con-

Yo

servatmn of volume appears. HJ.s experment 1nd1cates a later

 age for th:.s attaa.nment. _‘Tower and Wheatley (1971) found ,

’only 61% of college students demonstrated understand:.ng of.

' abstract concepts of volume.. '

i

As most researchers do agree, P:Laget (1964) contends

that the ordenng of ‘the stages of cogn:.tlve development is

. vconstant but the ages at whlch the stages are reached may vary

LLE
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from one soc‘iety to"another. ’ He glves the example of two
Canad:.an psycholog:.sts, Mon:l.que Laurendeau and Father Adr:l.en '

P:Lnard, who performed studles 1n Quebec, Canada. -'I'hey dls—

- ‘cerned that students in Montreal acqulred the cognlt.we stages

_of development at approxlmately the same aqe as those tested

','by Paaget. When they appl:.ed 51m11ar tests to students 1n

: ‘Mart:.nlque they found a t:.me delay of four years. ’V‘The

- ’“present study has attempted to. f:md out J.f Grade 9 students

. m ‘a part:.cular hlgh school are work:.ng at the formal opee;—-
atlonal, stage.

e

There is much ev:.dence to J.ndn.cate that they

NN DGEG nOt be: workJ;ng at this level‘ L S

. Bom g ',/
o Y L NI P
Iy l, E Wi

In a study conducted on early- adolescents J_n Grades
s ’5 and 7 Keat:.ng :(1975) classlfz.es the students by psycho—

’ metr:.c testlng as br:n.ght and average. : When ‘these students N ’

: were evaluated on Plagetian tasks, Keatlng notes that the

brlght group ev1denced formal operatlons far more frequently

¢ than the aVerage groups of the same age. ' Slm:l.larly DeVrJ.es '

(1974) was able to. f:.nd a relat:.onsh:.p between the br;nghter

,students and the:.r performance on PJ.aget:Lan tasks, but between

7
r .
e ,the other groups of 1ower intelllgence, DeVrJ.es. was not able

' -Ato establn.sh the same relatlonship.,. In a study on male ;

adolescents of ages 12, 14, and 16, Youdz.n (1966) 1nd1.cates

that the deveﬂ.opment of formal thought in adolescenCe 15 an ,

o 1nteract10n of age and 1ntelllgence. A ..- o, By

In the present study, a. relatmnshlp was: sought

between a student 8 cognit:.ve development and hlS placement T

4

£y in-a partJ:cular mathem,atlcs stream.

L. X B L ' ¥ . ‘
‘o ' e e ' A‘
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students of average ablllty
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- o E CHAPTER TiT . ¥ L
" .. PROCEDURES IN THE STUDY .. . .= | C
N AR SRR

S ST Thls chapter wil.l descrlbe the aCthltl.es used to

classmfy s'dudents accordlng to the Plagetlan cogn:x.tive levels

- ;¢ “ v ‘!
' T of development, the procedures followed ;m carry:.ng out the
e s o , .
- ‘ . study, and the llmltatmns of ‘the study
L _-Activfi.'tie'siuséd for Classifying Students
; . “into Cogn'itive:_ Levels of 'lDev'elopmenlt' 5 ‘

; It was dec1ded that five act:.vxtles wouldz be used to .’.
s T ,".L‘class:Lfy students into the d:.fferent 1evels of cognitive ;.‘f N

k development. : The first three activxt:.es were used to. deter-

L “mJ.ne if the student had acqu;.red the prerequ:.sxte skxlls in j
" "',j"the concrete operat:.onal stage of development.j Th:LS break- ' )
f‘dovm of ClaSSJ.f.lCat:LOn will. be described in more deta:.l in ‘
! "”, the'next sect:l.on. In descr:.b:mg the flve act:.v:tt:.es or. tasks,.
: _;,the materials used, the procedure whlch wes followed, and the
| * :stage at which a student can be expected to perform tlus task
. "or port:.ons of the task, w:Lll be outllned. o YL : ,‘ S
B _ 'I'hese f1ve actJ.vitJ.es were used to class:.fy the studentl,"
accordlng to the followmg accepted scheme as Pllaget and '
Inhelder (1958) use regularly throughout the:n.r work. B

R A TR I. . mot. reached the concr?t;!"operational stage.

L IIA' tran51t1°n into the concrete operational stage. o

3 el % 3 R R
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) 30. : '. {
: IIB- work:.ng at the concrete operatwnal stage..". T , ’
; : IIIA tran51t10n 1nto the formal operat:.onal stage. ; M
: IIIB workmg at the formal operatn.onal stage. ,.“ by
- "i'rask 1.; Conservatlon of solid Amount h
; ‘ 'I"he student should be able to perfoa:m this task at :
i age 7 or 8 = the early part of the concrete op‘eratlonal stage. ‘
:‘ X Two pleces of clay of different colors, for example red and .': L
.3. v blue, were rolled into balls of equal s:.ze. “ o ‘:'}" -
, e i ; h
5 nea.‘saii- | \ ‘,"'1' _ .Blue 'Baii'.
i 5 The student was asked 1f he agreed that they had the same.: :"-f
' amount ‘of substance 1n them. If he dld not agree, then he i
.was asked to’ f::.x them .éo' that they had the samé, amount. ) \When'"-" :
. . the student ag‘reed that the balls had the same amount, one of ' . ." {
3 the bal].s was d:.storted Then the student vas asked whether 3 R
there was more substance J.n the red ball than the blue ball, | o
whether there was more substance in the blue‘ ball than the SR RT
-’j" red ba],l “or whether\they had the same amount. P L
" e B .- 9 o
g 7 . RedBallDistorted | ‘?‘1 s "



" o s . "f._g = ‘ . ,; . ,}‘.._w';‘:
‘é : ,‘ o H -
*‘ ‘ v —'I‘ask 2 Conservatlon of . Welght “ P -".,. " - g
W The student should be able to perform thJ.s task at = B %‘;
‘}%ﬂ‘ . v age 9 or 10 - the mlddle part of the concrete operat:.ona,l o ‘
N3 ' _stage., The format o'.é thn.s task 15jm11ar to that for thé" ;‘
E , jflrst act1v1ty.‘ 'I‘wo pleces of\ clay ‘ of d:.fferent colors, for S, )
> ‘example red and blue, were rolled :Lnto balls of equal 51ze. " "i
£ ' g oA
f The. student was allowed to add of. subtract unt:.l he agreed - “s 3
} »".t,hat the two balls welghed exactly tﬁ% same._ One ball was |
5 '.dlstorted After the ball was dn.storted, the student dJ.d y
; «not touch" the ball agaJ.n. Then the student was asked whether
2 é ‘ ‘
the red hall was heav1er than the blue one, whether the blue ,
=" ball was heavxer than the red one, or a.f they both Wez.ghed
. 1 i ”x . :;! )
.,5" the same. T "
9 t *
’ i o Task 3 Conservatlon ‘of Volume 4 iy : ‘ '_ .
‘-_‘ ' Accord:.ng to Plaget, this abllltyols usually devel— e R
: oped towards the end of the concrete operatlonal perlod. The Tow
) b student was presented with two ident:.cal beakers contaming
?; b equal amounts of wat:er. When the student was convinced that
' ‘ the two amounts were equal, or when he adjusted the two '
1 e . L
' I levels of water unt:Ll th’S!y were equal, he was then asked 1f -
i - the d:x.storted ball of clay (from the prev:.ous task) woul}d x4
£ o push the level up more, :.f the nondxstorted ball of clayC
_ would push the level up more v or J.f the two amounts of clay . " i
# ‘ DU WOuld push the levels up equally Supcessful‘ complet:.on of
o : the task placed the student"s level at the mlnimum of ‘IIB.
L 2 ' AR | s ' o
';, t ‘ e ..,""‘ 4‘ . .:‘.‘ '.‘ . |
el i f} LR .
%’4
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ieﬂf'should happen prohxb#t them from observ1ng what | 1s actually f;jf

happenlng ' The subject is unzg?e to dlsassocrate the 1mpetusi

5uwhich he glves the pendulum £

.iask‘i.' The Osc111at1ons of & Pendulum ‘V3
. The.material used in: thlS task con51sted of a strlng

whach could be shortened or lengthened from a stand, and a .
* 6.
set of three welghts. The varlables wh1ch the student had

to con51der were the length of the strlng, the welght of
the pendulum bob, fhe- helght of’ the release p01nt, and the

force of’ the push glven by the subject when he released the

' pendulum."

The student was requlred to observe the pendulum
)

whlle 1t ‘was- sw1nglng and to vary the factbrs noted above.
.:He had to lsolate the one var;able, the length of the strlng,

whlch affected the frequency of the osc1llatlons of the ,'

' pendulummN'The fOllOWlng\pr0V1deS some 1ndicat10n of the -

behav1or of a student which could be expected 'at the categorles :

v

I. IIA,.IIB, IIIA, and IIIB as deflned pravxously. These are
guldellnes whlch-were taken from the sectlon whlch Plaget and
"Inhelder (1958) wrote on the oscillatlons of a pendulum

-Stage I.- Students at thms stage have no organized

* % B

. manner of attacklng the problem. Their expectatlons of what

the, motlon whlch 1s 1n-f
dependent of’hxs act:Lon._‘r"° _ o ' |
| Stage IIA' At this Poﬁnt the student can order the o

l

;'1engths, elevatlons ahd pushes but he is- apt to conclude that

o

more than one varlable 1s relevant to the problem. He w111

-
)

- most lrkely determlne that the push has no effect upon the

- '*n . =t : . . _' #
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“’t’*"vw"-‘:}"ﬁ"&!‘!h.'\(‘m‘ o’ — TR \" S = v | :
t e
S gty s | .
. natural‘ rate of. the pendﬁlum He wlll conclude th
3 var;ables affect the frequency of the oscrllat ne because )
he varles several condltlons sxmultaneously E
unable to do orderlng w1th welghts yet. _'h ‘ E
- A vig, .‘5y‘fi:' itage 1IB. \ThlS subJectncan;'oﬂah accurate orderlng- | j;
?, ":‘ . ‘of the e(EEGt;>of welght, but he till cannot always separate . %
E‘ : 2 I S R the yarlables. The sub]ects grEll laek a formal comblnatorxal ?
é > me Lt '~Rsystem. fhey Stlll vary s eral factprs 51multaneously ‘SO, , \
‘that, hen they see’ a c nge 1ngcondit10ns occur: they be— ' f'“ .
'f = lleye.that it is the esult of .each’ one of - the- factors. ‘_:@
: hﬁ Stage IIX At thls stage the- chlld is able to AJ//é% <%
. separate the v lables, but he does not do 1t 1n a systematlc .jf% ;
i *‘/{;J_.j7'hyb_manner., The/formal operatlons are present but they are ‘not :
?l ﬁ ' .“::.;;':'i'suff1c1”' ly organlzed to properly manlpulate the-comblnatlons .
. .j L f]b“‘ .lnvolv\d. The tenﬁency still. exlsts to vary two varlables |
é | 2 ) 51mﬁ1taneously.. The student 1s able to determlne the tiue . :
o ’
%f n;;f,lgti"' ‘rlmpilcatlons but he may still be unable 5 ellmlnate the f
%;':jih‘h:‘ ;? ; false ones.f_yl-l':-z-n ‘ . 7E' ‘ : %
g& g j];. }zfﬂt : o Stage IIIB Now tﬁe subject can Lsolate varlables ;
{: -'”': ”f;”ﬁf. by varyrng one factor while holdxng all other? constant.‘. .
‘ .‘}7f,;? ﬂ,fi He is, able to exclude the one Varlable whlch plays the causal . 3 IL;
b .uvf.i;”f J}‘, role.~ A %omplex combxnatorlal system ;s now in operatlon.'”
- T A N « ¥ o "B, S
. f.f}‘f”'rlﬁl Task 5. Comhlnations of cOlorless Cheiical Bodles \k_y
3 :f"':'fl'i:‘f*'f;i3 Four ;hmzlar containers held colorless, odorleee f}f;<gﬂ
? ?ﬂ-.ig.ﬁﬁ'p; g quu1d9° l) dilut Q\sulphnrlc aeld 2) water, 3) hydrogen. L_"'
& ?f;f .f'klf%' peroxude, and 4) thlosulphate.' A smaller contalner, laheled
‘-;° . ;'k S : £y : ; N e



‘( g, contalned pota551um 1od1de. The students used droppers

o and test tubes for m1x1ng the solﬁtlons. Each student had

S . flve droppers, one by each of the lqulds l, 2,"3 4, and g..

A test tube contalnlng 1) dlluted sulphurlc ac1d, anq 3)

B “'.H, " had not seen thls mrxture placed ‘into the tube.' Whlle the‘fn'
| : | student watched, several drops of g - pota551um 1od1de - were
$.000 hdded to the test tube with a- dropper._ The lquLd turned
yellow. The student was then asked to’ reproduce thls color. "
;“" :i; The followxng lndlcates the behavior Of a student whlch could

N -1 expected at the stages I, ITA, 118, IITA,. and IIIB as.

from ‘the sectlbn whlch Plaget ‘and Inhelder (1958) wrote on

g .l 2T comblnatlons of colorless chem1cal bodles,

Stage I. At thls stage the students randomly assoc—

1ate two elements at a time and explaln the results 1n

B L N T
e

ol preloglcal causallty._

I~

IRE A

I". .‘\,

the factors 3 to. 4 by g. _'(Z

x}vn‘g Stage IIB._ Now a, prellmlnary attempt at comblnatlon

RATL - LT
°
i

©

B :{ f'r” Stage IIIA. At thlS level there are two things whlch
o C .Q‘J ‘can be noted- 1) a systematlc-method 1n the use of n—by—n

‘comblnatlons, and 2) an understandxng that the color lS due

0

& to comblnatlons.

.0. et .

Stage IIIB The dlfference ;n IILA and IIIB lS that

Fuor 2T e RS fashﬁon. -

the comblnatlons and explanatlons appear in a more systematlc

‘ «hydrogen peroxlde, was presented to the student._ The shbject‘:

deflned prev1ously. These are guldellnes Wthh were. taken fyﬂ

R A,f'*_i;;_f is observed but only by trlal and error. It 1s unsystematlc.'t’

. 34.

o

Stage IIA. At this stage the subjects multlply all ?_"

-
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"IF.f:,‘dThe‘Sample‘Studiedﬁ_gnhff‘
, R, . The sample con51sted of 30 students 1n-Grade 9 at
A.A' = ) B . ‘ \ <

Queen Ellzabetm;Reglonal ngh School Ln Foxtrap. They‘were‘.:y

chosen randomly from the 200 students 1n the slx classes ofsw

' was -very w1111ng to cooperate and the 30 students in the

'”sample were obtalned from the first 32 students who were‘
*n:randomly chosen for the study.‘ There were 14 males and 16 :';_
Ev:females, who were all 14 qr 15 years old Thelr average age”

"‘jfwas 14 years and 10 months.

; ‘x'

cqp

Four of the author s fellow teachers and the’ author “o_f"

v

'*e‘ﬂﬁﬁ'if“teachers vwere well qualzfred to aid in- the study.‘ Two of

4 ﬁ .. i
"the teachers had prevxously completed Master of Educatlon! -a}?'

;”jiprogrammes. Three were hlgh school sc1ence teachers, two of

'fwhom had honors undergraduate degrees. The fourth teacher &
“h’ai?::'taught Mathematlcs and had hls graduate degree completed 1n

'7Ti‘the Mathematlcs area of Currlculum and Instructlon.; .

i These 1nterviewers of students 1n the sample met and

‘-:dlscussed the technxques to be used 1n the carrylng out of

i f{‘the study. Each of these teachers was glven guxdelxnes for 53-:

w 3

A I
o'

J Vaw £ o s oMWy

& Bl I R T V™ e S

;students 1n Grade 9 at’ the tlme. It Was found that the sample

' A Summary of the Procedure Followed : ' " 4. i
. V- % LB e Yy e IR L f '

'Q‘Were actually engaged in. carrying out the study. Theseifour 'g

‘ carrylng &Et the study. These guldellnes can be found in ,':;f\ﬁ;p-'

ff*:Appendix"A. At thls meeting such ltems were discussed as :ﬁf;Vﬂfvj

s F
o :
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]
£
.
.
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TRy

o you determrne by doing thrs?“ j"What affects the rate of the .

;ﬂ,ThlS meetlng, ]ust prlor to the start of the study, was 1n~“‘

study, ::. . . ¥ - '(’

"“LinterVLeyed 1nd1vxdually and each 1nterv1ew lasted between N

,keeplng the- room out of llmlt from homeroom students after
fschool was flnlshed, fllllng out the student response sheetﬂ

A rememberlng to mLx the mlxture for Task 5 before 1nterv1ew1ng'

. questlons as "Is there anythlng else you can do’" '"What dld

'hcould flnd other mlxtures whlch would achleve the same result.

V.1t1ated for the purpose of conSLStency 1n carrylng out the

'dcarry out the study..-In that time, each 1ntervlewer was ‘ TR

;and another 1nterv1ewer tested elght students ‘each, the thxrd '_f

-1nterv1ewer d1d sxx and the final two tested four. students‘ o ENAN)

Athe week whlch meant that they could not 3arry out all thelr 2'» ':f;
3'1nterv;ews in one week. So that all the students could Be
51nterv1ewed 1n.one week,,the author and another teacher".':"?

'1nter1ewed two extra students each._ Each teacher was able

36,

?

v

o

-a student, and:the type of questlons whlch the 1nterV1ewer'

could ask. It was agreed that no questlon would be asked
oy .
whlch would glve away ‘a solution to the experlment.' But such

fv\‘;
g
0N
o
'%
¥
&
b
]"(

“,sw1nglng of the pehdulum’", were acceptable questlons. ﬂit
'was also dec1ded that AF the student determlned the correct

mixture for Task 5 qulckly, then he would be asked if he

o

e

i

It'took one sehool weekﬁfrom Mondayfto Friday'to."f s (o

-

i~supposed to 1nterv1ew 51x students. However, the author" A,lw :A/ Q

'each. The 1ast two teachers had commltments arlse durlng : 'gf‘fﬁl

. : CT

fto 1nterv1ew two students each afternoon.. Each student was ?H'“'

.‘: ..' @ - < -',' ‘ ‘. ...-.. n o T ®



a‘twenty—flve and thlrty—flve mlnutes. Each subject was: ex-—

b.posed to the flve tasks as- outlined prev10u$1y. HlS behav1or

e f'u g i'was observed and recorded on student response sheets as canf'; .
$ ¥, 'fbe found in Appendlx B. , V ' ) A
he éflmh- '.\:*; ' . The materlals for the task were prepared-at 1unch—
;: . | tlme and 1t took tenfto fifteen mlnutes toldlstrlbute the
T~ } materlals'to the flve dlfferent locatlons after school. 'é
¥, “Thls gave the students a break from the normal-routlne of ‘ x‘ h; ‘»;
% the day before the 1nterv1ews commenced 1 ' A P
i L Students were not told that they were to be 1nter— N
i . ‘{v1ewed unt11 that afternoon when thelr lnterVLews were o ) :
%5 f{ ‘.scheduled.o Th1s llmlted the amount of commun;catlon and
’ '1? '“r.the students',cur1051ty concernlng the study.' Slmllarly,-f
' "gstudents from the smme class were, tested .on the same day to: q
‘ 1;the greatest p0551ble extent..,Thas also lxmlted the amount
: ) '_of communlcatlon ahout the study.-‘sg'. fu,'j ,ht o ~dl H-'ﬂfn_ﬁ_f-,;
L ¢ U . Lunlta.tlons of the gtudy .
%& 5 Slnce thls study was, undertaken in only One hlgh :
i xihischool 1n Newfoundland, the generallzabil1ty of the study _
ﬁ@ Xy i‘:f"f;--.: is llmlted One can only say that the populatlon of the f‘ A

< a",-ﬁf'f 7'Zsample is the number of Grade 9 students in that school.3

. f‘V"'f 5;' e ‘As well, the stbdents at ‘the . school are dorng a Pre—Vocat10na1 f”fl

'fv,Mathematlcs course in lieu of the Baszc Mathematlcs course
\ ) ‘-.-r A

f offered provxnc;ally., Thus when the relat1onsh1p between

3
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Y
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ok placement 1n the dJ.fferent mathematlcs streams are conSLdered
f, the . results cannot be readll,y appla_ed to other hlgh schools

in Newfoundland whlch are not: do:.ng thJ.s course. f '
o experlmental Usually the exact nature of the questlom.ng B R
“-arises from the s:Ltuat:mn and the . rapport established between '

: exposed to rlgorous data analy51s. Often he did not- glve

e the extraneous varlables were more r:.gldly controlled and the . -

o from one cogrutlve stage to another durlng the per:.od of .- %
' testlng. The trans:.t:.on from one stage to another is usually
LY gradual. In order that the testlng perlod be short, f.we

experlmenters were used in: the study. To accompl:.sh a con~ , 4

,‘to dlscuss the PJ.aget:Lan methods of 1nterv1ew1ng students.

P .
g o

-

Ges . } o .
P:Laget s, stud:l.es can only be cons:.dered quass.- ’ .

4

)

N !

L e i RO s R R
R R R G SEX S T _e...mxn»w S

the 1nterv1ewer and ‘the lnterv:t.ewee. ' There are no-.rlgz.d'.

'control s:utuatlons.: In P.Laget s case, the‘ ;r'esults were- ’no'tll;‘

' the number of students who had been stud:.ed and the exact

¥

. procedures wluch he had followed However, it is h0ped that

'procedures of the present study are well outl:med o /// T
~SJ.nce the students were tested in’ a one—week pe'i':.od, -

>

‘the hJ.story bJ.as should be at a mlnlmum.‘ In such a short TR

’

: perlod of t:une it is. unhkely that a student, who was' tested .

=

vtoward the end of the study, would have made the trans:n.t:.on o #

P L A

e

. . i ¢ P
L

s‘stent appv-oach to J.ntervz.ewa.ng students, a meet1ng was held

If students were aware that they were: goxng to be , 7, R :;: P &

o3

tested 1nd1v1dually, then there ex:.sted the poss:.bn.l:.ty that' ’

'the students who had been subjected to the classif:.catlon

b

; procedures would dlscuss the activrtres mvolved wn.th those LY

' = G ‘. ' LA . ' . ax § . LI
g s . T Kl i & . = ® " i 3 5 . . v
¢ A. ot o . T i . . . .



v
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'certaln degree in two ways-'l) most of the students from HV‘.

'one class were tested at the same tlme,>and 11) students

)

were not notlf;ed that they were 1nvolved in. the study unt l

the afternoon 1n Wthh they were to be tested It 1s also

worth notlng that xt 1s unllkely that students would acquxre

the tecgglques for solv1ng the last two tasks by dlSCUSSlng
/
these problems thh other students.; These technlques for

RN

solv;ng the last two tasks were observed and used for class-'qf.“

3s

Tk

‘ﬁ“.
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.. CHAPTER IV, . . .. - O Ul

e o
1

h | " . ‘RESULTS OF THE STUDY - = = °

.é',v‘ ; ; ‘,l..‘_.' L ; T
o In the last chapter, the procedures for carrylng out
5i "the study were descrlbed. In thls chapter, t?e results of

g == 'f.' oy *Lthese procedures w11l be analyzed ln an ;ttempt to present

% h[answers to the questlons wh1ch were asked 1n Chapter 1.‘Eu
.‘ A ‘ﬁiHowever, before the analySLS of data can be presented, it I
;"” ‘“‘“gf;'W 1s necessary to flrst con81der what behav10r was ev1dent for.
f_.i “iff:lﬁi;?':categor121ng students lnto the" cognltlze‘stages of deuelopvhx"f‘hﬁ}dﬁ
; iy "xﬂ, ;ment and hOW’the data is to be treated so that lt can be "
5 "\\ evaluated. 31:5".‘:jﬂ-;;;“f\“}g;”‘;" e O “‘:i
¥ IR A T Co o LA S o U PR "B
i T

-
2
%
!
5
¥

). " Categorization of Students . 'f} o gt T

oo bwayl /.‘”"A & A . , @t .
’\ PR dn'ij‘}V'l\ In the follow1ng sectlon of_thls chapter, Table l

descrlbes the results which were obtalned when the students.& P oAE T
& A:,i“; ' were categorlzed 1nto various stages ‘of cognltlve development. - Y

\ EN ’,

¢

The present sectlon w111 attempt to clarlfy how these results

' were obtained usan the classxficatxon scheme on pages 29

' -

tand 30." When a student 1s named Student 3 for example, thls’ﬂ;’. 4
: y“; . ilisf;,f{refers to the student by that number 1n Table l The presenti _f‘i{ﬂ

B sectlon is® necessary at thls tlme to - 1nd1cate how the results.s‘.j'FE
A N ”were obtained

~ Yy

The flrst three tasks presented no problems for

s '
- . .

purposes of categorlzation»” The student could be categorlzedffv

. Tu, R e & g N

. o ¥ : i '
3 W .
. 1 v o (I f] y ¥
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. ; et .on, the ba51s of whether he answered the questlons correctly £
s . S } N f 2 3
. L or 1ncorrectly. These flrst three tasks only categorlze a b ‘ % ~

0, o2
i 3 '
A U &

_ 3
~ student at hlS mlnlmum 1evel of performance. For example, %
the first task enabled the 1nvestlgator to know that a subject o -é'

: b
could cope w1th what is expected of a person thlnklng at a’ i

a

i, Cw . pre-operatlonal level of ‘thought. ThlB does not mean that

o - T, ;.'. thls is’ the maxlmum “level Qf cognltlve development whlch the: f Q~f§'

subject has achleved Slnllarly, a correct response to the h‘
\\thlrd task" only lndlcates that a student has reached the p5.'“
concrete operatlonal stage as hlS mlnlmum 1evel of cognxtxve
T ‘. o development The fourth and flfth tasks requlre close [

; L L obServat}pn of" a student before the stéaent can be categorlzed =

‘k'.

Some examples of student behavior whlch helped the researcher e

~ ’ ) - u' , ‘

R

categorlze the s%udents are now presented ' The researcher'.

o

found that no student exhlblted behaV1or Whlch could be

4 L .‘ descrlbed as pre-operatlonal.

&

: ': ) };;_-;‘ ;. - How students coped w1th Task 4 the oscrllatrons of

‘ the pendulum, 1s flrst described utlllzlng ‘the guldellnes
\ * .. ‘{1\ '
e . . of the behav1or expected for thls task outllned in the last

T chapter. Student 4, who.was’ classxfred as IIA on Task 4,
P g . S
placed the larger welght on a,long strlng, the. medlum welght e B vy
W o, T
A P -on a medlum—length strlng, and the small welght on a short‘ * ¥ A e

_gr” ' strrng.} In each case-thls subject observed the motion of .y
b the~pendulum.- it was obv1ous that this student dld not order :, :‘ ;
"the welghts and varled two factors sxmultaneously. Student‘
1,‘who was c1a551f1ed as IIB d1d on: occa51ons vary more. than

'Ionepfactor;"But at flrst‘he attempted_tolvary theﬂthree




42,

'welghts on one strlng while holdlng the varlables push and

e

"-helght constant. However, as he progressed further 1nto-

the experlment, he was 1nc11ned to vary two varlables 51m—2‘4

o

B LG o o Tylee
EANER NS SR YT A 5
YR L R A RS A e

LN

ultaneousﬂy Nelther student came up w1th an approprlate

‘ conclusxon- Slnce StudentA4 varled both welght and length
*:sxmultaneouslv, she concluded that both these factors affected{'
%- :up'_u' '..‘.;the rate of ‘swinging of the pendulum She dld not vary the' |
k3 | L ‘*vhe1ght of release.ﬂ Student l concluded- “the smaller the. fﬂf

welght, the faster the pendulum sw1ngs, and the shorter'the 'l'._

”"“i _3: 1ength, the faster the pendulum swzngs.ﬂ Student 5, who was . ’
o fcijxd "ﬁcla551f1ed as. ITIA, varled one weight on all three strings,_fw
y f .,1".l:, .;he varled the three welghts on the same strrng, and then he
| o varled the helght at whlch he released the pendulum and the
¥ E ". uf - push Wthh he gave the pendulum.. He held the other three

‘ovarlables constant whlle determlnlng the effect of one varl-.l K

*able. Hewever, this student concluded that the welght and

% ,the length affected the rate of the pendulum. He could not ;

%v‘é dﬁ‘ exclude the 1r5e evant varlables, although he d1d systemat~ .:. ;;,a ;3

§ i .?, ‘1ca11y find th orrect varlable. Z" y “C. EA\;J,»;“‘ .a ' i

3 | | _ The students' approach to Task 5, comblnatlons of f
e ilorless chemrcals 1s now. dlscussed ut11121ng the gurdelines ’ ?

¢ .‘-xl';i~f:f:-f'o | expected’ behavror for thrs_task outllned in the last L : :

4 B i . % e
& . S \

,_chapter; Student 3, who was classrfred as IIA, flrst trled _
fl X g 4 x g, 3 ﬂ g and 2 x g. Then, after a time, she’ trled ‘
utwo combinations and g” These attempts were unsystematlc.,'
-.she d1d frnd the correct combrnatlon, but when she was asked B

)

Cuf there was another comb1nat1on whlch would glve the same f.

:
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f also found that this was not always so. ~f|~ﬁ;'

AL

) effedt, she went through the two comblnatlons w1th g agaln.:
 |fShe:was only able to find the same comblnatlon agaln and then "t
ﬁ.shehdid not. reallze that 1t was the same comblnatlon whxch
‘gshe had found before. When asked 1f there were. other com-:
fiblnatlons whlch she could have trled, she sald she dld not }
'know 1f there were any student 7, who was’ classlfled as
-fIIB, started very systematlcally He. trled l x g, 2 x g,
‘;3 X g, 4 X g, 1 X, 2 x'g, 3 X 4 X. g,,3 X. 4 x g and 1 x 3 x g.\
‘ By the tlme he got the comblnatlon l X 3 x g, he was m:xed ‘
{up in hls approach and struggllng to ascertaln the two oom—:

’:;,blnatlons and g. These attempts were not very systematlc.

‘Ihnowever, when asked what else he could do to- flnd another ;tQJ

‘correct comblnatlon, he did say he could try three combln- '

ations and ge.. Student 13, who was class;fled as IIIA, was

extremely systematlc in’ hls approach. He trled 1-x 2 x 3 x

’4 X g, 2 x 3 X 4 x g, and 2 % 3 x 1 x’ g.' At thls p01nt ‘he'”
ﬁfachleved the color whlch was -a 11tt1e llghter because of the
| effect of 2(water) wh;ch dlluted it somewhat. He then trxed
,?91 x3.x 4x. g and then 1 x 3 X g.l When asked what else he
";could have trled 1f thlS had not heen the correct mlxture__//
hﬂhe replled that he could have trled all the three mlxtures
‘and g. all the two mzxtures and g, and each solution and g.:'i
»'Thls researcher found several examples where the sub]ects
',dld not try the combxnatlons 1 x g, 2 x g,_3 x g, and 4 > £ g
“ffflrst. Although Plaget and Inhelder (1958) contend that

:students attempt these comblnatlons flrst, Lovell (1961)

g

2.
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7 . . 'Procedures’ of Data Collection *". ..
' . Once . the students were categorlzed as . 1ndlcated in .-

the preVLous sectlon, they were put ‘in alphabetl al order %
{: , and;numbered from " to 30. Table l shows the ‘age |of each
;w - N de.g student and how he was categorlzed.n The flrst hree tasks o
gr - '»were treated together.- For example, student 1 got the answer )
%1 to Task 1 correct, thelanswer to Task 2 correct; b‘t he got j
% : xﬂf.:T;' the answer to Task 3 1ncorrect. The flrst three ta ks place L
o tf} ~'ﬂ, ‘ hlm at a cognhtlve level of IIA, but Tasks 4 and 5 oth place ‘
i, hi hrm at level of . IIB.' Thls is not 1ncbn51steqt bec'use a _?
: f correct response to- Task 3 really places the . s udent t the ?
{. o f:'ﬁ: ﬂ; '; end of the concrete operatlonal stage. Student 2 answered ,$
%@ | . all of the flrst three,tasks correctly Thls p'aces that ;g
. student at IIB, but this is really the maxlmum evel of s u
E: - cognltive development at whlch the flrst three t sks can I" ‘ iedl
fg' 'ff’ f ':},' place the student. A}though thls subject was co sxdered IIB ' ,
gi g ‘on both Tasks ‘4 an 5; he - could have scored hlgh onfghese. .
?ﬁ two tasks. . st ent 5 is an example of a subject' ho;a;so‘ v
E? ,answered the ffrst three responses correctl; and was, catege
; orrzed as III ‘on Tasks 4 and 5 '¢f
7.

Y .”~f?- ~”1h'5 cognltlve development as outllned on’ age 32 wsll e cOn- d‘: -
c T o l n
gg TrRl III@ﬁ 5. These stages are not real y/ranked in an ordinal :

%% ;: .:.i'},'g' scale. sxnce cognltrve de lopment epresents a .con lnuous 1 R
%ﬁ sf,":" (fx"' growth. Although the measurzng 1n rument whlch wav used was f
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: The Cognltlve Levels " of Development wrth Respect to :.:5’

TABLE l

the lefetent Piagetlan Tasks

"‘.:..

;
O
et

o

- Student -

, 33955.‘

Y. (Mo.) -

Cognmtlve Levels of Development

Task.l Task 2.

“Task' 3 Task ‘4. Task 5 .

BN O U W N

‘a

s (3) .
© .15 () -
15 (1)

14 (7)

<" <18 {3) .
-~ .14 (6)
.15 (3)

S 14 (8)

14. (11)
15 (3)

14 (4) 7

14 (10).

©14.47)
14 .(10)

14 7(10)"

iflS&(O)
147 (5)
.14 (6)

14«(5)’

14(7)

15 (9).

S14.Q1), - -
S 14T
1 () -
= 18 (d) ¢ 5
15" (1)
14 (9)*
15 (2)
14 (10).
21471

LTIA -

*

©-IIA
L.e
L I
IIA
'II_A.;
c .
IIA -
c .
IIA ° -

. 'IIA'-.. ;' . :..

'Hooohodpquhanagcaoononqnnoﬁth
%

% o

. 35

R

IIB

X -

X

LT g

. IIB .

| “IIB -
0

©

—'IIBfA

x|

IIB
1B

- ITIA
"IIB - .
IIIA -

#00

X
- IIB
Ty
.. ITIB..

1B

~°LIA
“IIB

S

o IIA
‘IIB .-
SIXIA

. IIB
IIA

- IIB

" IIB

IIB
»IIB:,T'
. IIA
‘IIA

IITA

ITIA

TIA"

IIIA

CIEB -

IIB ' ..
TIA

IIB .. o

ITIA

" IIB

“'TIB

- IIA -

IIIA

ITIA

IIB—

“ ITIA

U ITIA
ITIB:

. IIB “

IIIA

.+ IIB

Ifma o
L IIB 7 .

IIB -

IIIA
.. IIB

ITIA -

c [ IZB L
B = = : LA .

ITa

. _IIIA“
" TXIA

- -IIB .

o IXIA -

CIza

L ITTA Y
CITA
“IIIA j“‘

IIB

U TETR - "

IIB

IIB.

CITIA .
/IIB w0

*The, létter
correctly.'

1ncorrectly. y

'cuis.uséd

**The lettet x 18 used

L e HE S

N

a
*

in the table' to represent, responds,

" ¢ ga'®
a1

v

1P th¢ table’ to represent responds
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) ,~¢'L‘ not sen51t1ve enough to measure between 2 and 3 hlt 1s stlll

fﬁ¥i~.;s: reasonable to thlnk that a person who scores a 2 on Task 4
: * .' L i . LB n ’
o .and a P e on Task S could be con51dered 2 5 Thls would 1nd1cate,g'

- «™ s . I .5

g "? that such A person is between the 1evel of trans;tlon Lnto ;3 R

the concrete operatlonal stage and the 1eveb-of belng fully ’
‘n ' . .
concrete oberatlonal. Lovell (1961) actually uses more such e

“ e

a L : : P categorles 1n breaklng down the stages of cognltlve develop— Fovooy g
S . T ment. in answerlng questlons 2. and 3 whlch were askedfln, : RPN

% ”~1‘..';.., ~"Chapter 1 the average of the measures for Task 4 and Task 5

Lo 3 i G s il £ * u“v
. N 1 L .. * . % ¥ e

- . KVH,nff Wlll be- used.u. . Fff°'”g;;.. N .~~' R T e
., . ol = & . L 3 - o i v e 8 ORI : ; i

S ‘:,“‘i o Slmilarly, to ascertaln 1f there are, any 51gn1f1cant

# V,':;p . { dlfferences “in: performance 1n the Plagetlan tasks amogg the s TH oy g

: ,ﬁ.;i.kir three hlgh school mathematlcs streams, the groups w111 be - :

b0 comsidereaas: . T «f* R T

; w8 ”f"ki'fsjit. Group 1 - Honours Mathematlcs,.(“"v; i“;;?;“f; :fmrif”'; A

% "glf5,f"l'if7a”71'7. Group i.- Matrlculatlon Mathematlcs, Tﬁfvpﬁ;jl *ﬁféﬁﬁg‘Qf“5 ;

é. o A : Group ‘3 - Pre-Vocat10na1 Mathematlcs.;’]j»;,~élf:fséllaf'F@ﬁlﬁ
" b Ci e 3 B, B w 15 ) N, MR, Jrage Bk, )

S A e e Data RnalyBas et e DT

v ¥ - v " . o g A - . . . s ” o
L 7 — ' . e

To answer questxon 1, requlres a breakdown 1n the..ff,;;{..‘fi

.;"fﬁm;f:* number of students worklng at: the~varaous stages of cognative€: -
. 5 :~.," F e o
b7 Pyl development. Table 2 deplcts the numbers of“students workxng

\

qu“_ X at each stage for the dlfferent tasks.; Note the 1arge number

. deq

PR
° S »

& 5o LJ:”:; . of students worklng at the concrete operatlonal stage. But \\‘\Hflf

s

55 e »;f,f' Table 3 really answérs the questlon.f For Task 4, 1t was {

v A

i A found that 63 3% of the students were performlng at the ey
W wal ,‘“' . e P ; Pt e 4 TR

i 5 I P A."».‘?.”‘c. i NI T .'“.,‘,:,'.,qf B L '. Teele e,
\‘p “ie

‘ol
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: : TABLE 2 _ ‘
. "
¢

’gﬁ~S£age of Cognitive bevelepment".}

Tasks 1, 2;,3rr';3J,."13a:_

Jtﬁfeéoperafiohai- }'_' e -

,PiaQetian"‘" ;Jgtage of_Cegnlt;ve Develepmeqt

Task(s) ~ I 'IIA IIB  IIIA- . IIIB: . Total

B T
Task 4 .’a R :‘,_47‘ :f'12. 11 N e,
Task 5o T g e ag e <

30 f

30

-t

P 30“r 

"ifI{Q L e iy Ty TABLE 3.

~

Percentage of Students in Each Stage of~ Cognltlve Development '

Accordlng to Task 4 and Task 5

.-'. o} .

w B - <y z © e
Percentage
Task 4 “

Task 5

% g & B F .

Concrete Operatlonal k- AT Pl o= 63;3a

Formal 0perat10na1

'66.7.
© 333
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N S concrete operat10na1 stage of cognltlve development and for '

\

- Task 5, .'Lt wes found that 66 7% of the students were work:.ng

‘~at \:hz.s level. Thus approx:.mately two—tl—urds of these

students can be sald to be worklng at the concrete Operat:x.onal
o 'valevel of thought. As a matter ‘of J.ntei'est, 'l‘a.ble 4 was drawn

F up to show the percentages of students in. the three group‘s ‘
gf: E ,:.‘Honours,; Matrlculatz.on-,. and Pre-Vocatlona'1 Mathematlcs wh\o'

3 . are work.l.ng at the dlfferent staées of cogm.t:.ve development.

2 LD o ‘ \To determlne the percentages in- the var:.ous stages, the

. .average of the performances in Task 4 and Task 5'was used- '
. " VThere 1s a decllne in the percentages of students at the ¥
--formaI operatz.onal stage of development from Honours to o i

T ) E . Matrlculatlon to Pre-—VocatJ.onal and an 1ncrease 1n the per—.
centages of: students at the concrete operat:.onal stage of

iy "'de‘\re lopment .

), 4 i
g.; i o S Percentages of Students in the Different Streams Worklng ‘ ¥ gt il
S v s S at the Different Stages of C.ogn:.t:.ve Development Ayt Peb 4

(N . : € OB o ) ‘ ; . ) 5 - pe . =
LoE > % . P e - s : . 8 . ‘-
;x”_ ) ¥ e . -0 : 3 w0 . 3 5 . e
- - . -~ .
. s

‘Stages of ‘Cognitive’ o Mathematics Streams : ; :

w S - Development .- Honours Matrlculatlon Pre-VocatJ.onal"‘ B

b T .'Concrete Operat:.onal . 33.30 0 eas7 7 T im0 a0

P b g -, 'Formal Operational 667 :‘3,‘5;34,.“- W ol 0
o w7 .‘:",Total B '“ﬂ"'fﬁ‘..:}glqduq~'[¥f” 100.0 . 100
To answer quest:.on 2, whz.ch asks .‘I.f there J.S any cor-

relatlon between the placement of students in the three groups, S

wmo " . Mayn .' Rl TR . s
: L o REALEE O Il .
i Rl AT £ LR AL L.
. vt s PO e @ M NE T N R W .
Y v, . P ¢
s
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: wh:.ch J.S cons:.dered nomJ.nal measurement and performance on

the Plagetlan tasks, whlch is conSJ.dered mterval measurement,

'l,:‘; o My—l-f-wm .

‘ t“he poxnt—blserlal correlatlon coeff:.c:.ent was used. 'I‘able o

5 shows the 1nformatJ.on used to calculate thn.s correlatlon

-coeff1c1ent. Smce the calculatlon of the correlatlon co- 5

\

eff1c1ent 1mp11es the use of nomlnal-dlchotomous measures,
. . W ;

-

three coeff1c1ents were calculated to determlne the correl- '
I? & %
at:Lcm :.) between placement in the two streams Honours and

v
P

s

Matr;culatmn Mathematlcs and performance on the P:z.aget;l.an ’

tasks, ;u.) between placement m the two streams Honours and

Pre—VocatJ.onal Mathematlcs and performance on: the PJ.aget::Lan

tasks, and 111) between placement in- the two streams Matr:.c—-

ulatlon and Pre-Vocat:.onal Mathematxcs ‘afd: performance on the A
v

/ P:Lagetz.an tasks., As shown in 'I‘able- 5,

the correlat:Lon co- .wa

eff1c1ents were i) 0. 302, 11) 0 811 ‘and iii)"-0. 466, respect- I

i 1ve1y Thus the conclusmn whlch was reached is that there
eXlStS a. reasonably h::.gh correlatlon between placement in the

streaiis Honours and Pre-Vocatlonal Mathemat:.cs and performance

P ,“
) ; .

on the Pn.aget:.an tasks., 'I‘he correlat:.on between performance

TR

con the Pz.agetian tasks and placement ,11'1 the streams Honours s

.I

and Matr:.culat:.on is low and the correlatlon between perform-

L

ance on. the PJ.agetLan tasks and placement in the streams I

Matr;.culat:.on and Pre-Vocatlonal Mathematzcs is moderate.

o
)

‘I‘o answer questlon 3, a one-way analysrs of var:.ance

','.was calculated w1th respect to the three grOups and their

‘performance on the Plagetlan tasks.. Their performance on - the

Plagetlan tasks was: agaln cons.uiered the average of thelr :

e

T
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. mean of a11 n scores on performance of the Piagetian .
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. performance ‘on- Task 4 and Task 5, when the stages were gaven,f
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£ lg mthe measures of 1, 2, 31 4, aﬂd 5 as 1nd1cated 1n the 1ast
R ,:'sectlon.‘ Taple 6 shows the results whlch were derlved from

'-_thls calculatlon. S :'

* E }a'i. S .?ﬁ,uﬂlrf" T TABLE 5
g :-;.' ’sums of sQua(res, Degrees Of Freedom, Mean Squares, F Rat10: ‘

A P L Probablllty for the One-Factor Analysls of Varlance

o0 B2

T30

d ) R £, w ) L . ; 25 . . » “ g

. Source of Variation . ' ‘ss* . 4f. MS. - F ' ~..p.

. Bétween : - . . 4:60° .. 2. 2 30 ,‘jq,ooi o1

:\ ,(-'I". | A ~. L E : . .'. . . . “.‘ g < <, s . ) l. “‘ '.-l ':
} Coes e Uwithin 0 o 10436027 ,.38

‘ Slnce the probablllty of such a F-ratlo occurrrng is
t ¢ : -'t‘:{fhgnless than .01. thls would indzcate that there are’ smgnlficant
| o ‘_'differences 1n performance on the Plagetlan tasks among the i;';
r'i;three hlgh school streams._ At thls poxnt, 1t would be " g

-3A““1nterest1ng to flnd out where the signlflcant dlfferences';i

o PR

',.occhr.‘ To do thxs, a’ Scheffé test was conducted (Glass &

ST " i A
' "*7 e ¥y ;

. Stanley, 1970)
, Conslder the contrastic amOng the means ml, mz, and
m, where c = c1 1\+ czmZ f c3 3, m1‘= 3. 67,::2'- 3% 21, ms‘%i{A"
ﬂ2 5, and cl %, c2 + c3 = 0.; For the p rposes of this Scheffé
: i:f::'f;'#\‘x test. the contrasts which wxll be calculated ar;,shown in:

";Table 7.} The standard error of each contrast is then cal-f"

) "

%%,;i: v;fi‘:.fisculated“ Table 8 deplcts the standard errors of the contrasts,fbt

-1and the ratios of the contrasts (ln Table 7) to the standard
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"”fthan or ‘equdl to 2. 59.

-'Mathematlcs group and the Pre-Vocatlonal Mathematlcs group
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53,

errors of the contrasts. In order for thlS ratlo to be 519—:‘

nlflcant at the .05 level of 51gn1‘_

1

fﬂat the 01 level ‘of - signlflcance, 1t must be greater than or

equal to 3 31 ‘_:~ 2;" ”1!~.‘“.g;ﬁ’ ;A‘lu“ ., ‘f.'J.:,g

.The only 51gn1f1cant dlfference in the 1eve1 of per-

~formance on the Plagetlan tasks 1s between the. two streams
,Honours Mathematlcs and Pre-Vocatlonal Mathematxcs.: There
‘[were no 31gn1f1cant differences between the other two palrs e ©

‘of groups although the comparlson between the Matrlculatlon

'~barely falled to be s;gnlflcant at the .05 level of Slgnlf—‘:-.
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l What px;oportlon of Grade 9. students appear." to be .

,formal opgratlonal stage?

. Summary

~

, were three qdestlons to be answered

1

| SUMMARY, CONCLUSIONS AND IMPLIGATIONS & @ . '

Inltially, the problem was stated B‘asioalll'y,"‘ tﬂere; Y

g worklng at .'I.) the concrete operat:.onal stage and 11) the o

Is there any correlatlon between thlS c0gn1t1ve

”'level of development and the student's placement in the hJ.gh"_l_’-‘

ki

T school mathemat:.cs streams, m t"hls case, Honours, Matr:.c— a

ulat:.on or Pre—Vocat:Lonal Mathematlcs, as def:med by the

Department of Educat:.on of Newfoundland?

in the Plagetian tasks among the three hlgh school mathematics o

) streams? ’

S G

i l
R T

. 1
R

< ' 3. Are there 51gm.f1cant dlfferences 1n perfomance

G

- The lz.terature was revlewed w:.th spec:.al emphas:.s "

deVelopment s

g

4."3. Formal operat:.ons stage.

.

COncrete operations stage, Ly

B

Sensori-motor stage, A R

feviol

: Pre-operational stage,

'f’ Some of the research stud:.es :.nd:.cated

“

\ e

placed on the last two of the four stages of cognit:.ve ﬁ'ﬁ

1 t

t__}_;.atl_ _'etudente did ‘hot
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:.'~o£ the studénts were worklng at the concrete operat:.onal

: a‘lv'r‘aly“s "grea’ch the f}or,ma'l obera‘tions;.stage at '-tl_ie age 'steted \

’

be Plaget. o e o gn ® o, wvg

e xE
3

' ‘. Five tasks were selected to determlne the level of
cognltlve development of students Conservatlon of Matter,
Conservation of " Wexght, Conservatlon of Volume, the'" Osc1l—-‘
latlons of the Pendulum, and Comb;l.natlons of Colorless e
Chem::.cals.‘ FJ.ve experlmenters conducted the study 1n One.

week.l There were 30 students randomly selected for the study

from the exactly 200 students in Grade 9 at Queen Elm.zabeth
7

o Reglonal H:.gh School Each student was observed 1nd1V1dua11y

s '-"by an experlmenter as he attempted to perform each of the /

flve tasks correctly. : These observatlons were noted on ‘%
A p , . 5 I | |

B Student Response Sheetﬁ) ‘ L e :“: L

i . r,
R 4 . .

The maln llmltatlon of the study is that 1t was W

conducted :Ln only one hlgh school Therefore, the populatlon
- of the study was only conSLdered ‘to’ be the number of Grade 9
students 1n that partlcular school . Some of these students
‘ ‘:. were do:.ng a Pre—Vocat:v.onal Mathematlcs course rather than

"'. the Ba51c Mathematics course offered provmclally.., Thus the

. gene_reln,zabxhty ;Ac_)f -the'study is -l;.mg,ted.

Conclusions

P |

Once the data was complled, 1t was f0und that only ‘
approximately one—th::.rd of the students were working at the

E level of formal operat:.ons and that approx1mate1y two-thlrds

.‘| K

~
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level of reasonlng, - T

To determne the correlatlon between placement in the

' three groups of students and the;r performance on the Piaget:.an

tasks, the po:.nt—blsern.al correlat:.on coeff:.c:.ent was calcu—

lated three times ina pairw:l.se marmer us:.ng the three groups. - .

The results 1nd1cated that there was a reasonably h:.gh cor-—‘

relatlon between placement in the Hcmours Mathemata.cs streamq.

and the Pre-VocatJ.onal stream and performance on the PJ.aget:Lan J

' tasks (r = 0 811) - that there was a moderate correlatlon between

°

placement in the streams Matrlculatlon Mathematlcs and Pre—

'Vocatlonal Mathematics and performance on the P:.aget:.an tasks :

"'ment in the streams Honours Mathematlcs and Matriculat:.on

"Hathematics and performance on. the P:.aget:.an tasks (r = 0. 302)

"di.scerned that ‘there were s:.gnificant diffe&ences in. perform-

: ance on the Piagetian tasks among the three groups at the .01 " »

i
.

A one—way analy:-ns of varlance was . conducted wluch

o level of" 51gnificance. The results of the Scheffé test in-

vdicated that th:.s sign:.ficant difference in performance on. the

Piagetian tasks occurred between the Honours Mathematlcs grdup

':_ and the Pre-Vocat:l.onal group. 'l‘he d:.fferences :m performance K

‘between the" other two palrs of groups were not signif 1cant. o

L e

k ."Impli'cavtions.‘ - L

i

'rhe results of this study would seen to imply thg

v e T

. - s k LC
s : e AT I TR TY o FTTRET T
a3 i s . AT S ;

Y
[

' (r = 0. 466) ,,and that there was a low. correlatlon between place-
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. such t0p_1cs J.ncrease,, the rate of‘transnion -froni the stage

Pt

; .
" reasoning 1n Geometry How does a student workl.ng at the
concrete operational 1evei of thought cope w1th these math-e ST

ematlcal concepts whlcli require more advanced reasoning?

9
\formal operatlonal stage of cognlt:.ve development. Therei""
are a number of top:.cs J.n Grade 9 Mathematn.cs wh:x.ch requ:.re 3, e

formal operat::.ons, not the least of th.ch J.S deductive

Is the learnlng of such tOpics rote or does the learning of . ,' .

of concrete operat:.ons to the stage of formal operations?

.

If two-thrrds of the students in Grade 9 are worklng L ‘_ :h K
at the concrete operat10nal stage of cognLtJ.ve development,

are there means by wh1ch they may be taught S0 that thelr

") level of cogm.tive development can be advanced? Why is there

states' :

a delay in their growth of logJ.cal reasom.ng? After conduct— ¢

ing a su;:vey on some Piagetian—related studles, Farrell (1969)

v‘l‘he studles reported here strengthen the prev:.ous

. description of adolescernt thought. Some. flexibility: '

- ‘as-to the age at which formal operations begin to. -

develop and that at which the structure :is in’ equil- _

. ibriim is necegsitated by the co”hclusion of various A

.researchers. Factors of culture, type’ of formal.

. education, innate ability, and others must be o

. recognized as variables which can: promote or. deter
‘,intellectuel development p. 15] Py

. . w N .
¢ @ LIS '» « &
[

; There are a number of factors which can retard intellectual

growth, including cultural ones. ) It may be poss:x.ble that there

' are factors of culture peculiar to thls partz.cular conmrumty,

- and perhaps to Newfoundland, wh:l.ch have retarded growth.

4

As the findings 1ndicated, there only exlete\d a high

correlatidn between students' placement :Ln the h:.gh ab:l.lity

°

U‘:. il ' E' o
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thouqht, there cp g,be a need -for the’ inclus:.on of more

N topics, which require COncrete Operational thought, 1n the

. . .‘ oo Ny . P v,
L e Frow, - : o 200 % 3 g B ) . g #2 ‘& ’
! ‘ A o * g 5 4 <& . . Sl # - g0
£ Vg . = o e b 5 A D @ ' . g a0 - I N s 3 4 ¢
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_'group and’ the ‘low ab111ty group and t{-nelr performance on the

L

Pz.agetian tasks.' Only med:.um and lo correlations existed - P
between the other twoﬂpalrs of/ groups. l:’etweenF the medium B :
abn.lity and; the low. ability grOup and between the high abn.lity
. group and ‘the medium ability /group. ThJ..S would seem to .unply % ’t
| that ‘the distinct:.ons made between studenﬁ:s in the top and ;
the mlddle groups and betwe[en students 1n the mlddle and . the "‘ .
., bottom groups are not so easily made.t. EE%Fe &ould he errors ';i_
B in the choice of students '/jafor these :Jroups or there could he - r \
| other factors which must be consz.dered, such as student work ;
habits, the amount of time which students spe;xd studying at "3 s
home, and the_ home environment.of the student- | 3 o T
e '.l‘hus soxgya of t;'x/e implications from the study would 5
N ;-\ appear to be. a 1arge / proportion of students may not he ready ‘ _L
. ‘.for top:l.cs in cer"tair( subjects wlu.ch require formal operational ' o
. thought. there would Seem to be a need for develop:x.ng and ' .
utiliz:mg methods or advancing the development of cognitive

' seccmdary schools, if culture is the reason for the retard-

i ati.on of logical develoPment, the problem could be a larger p

\ : S

'social one, and students may be placed J.nto mathematical

, groups utllizir%g other factors than cognitive development f” . - <? ’

“The: investigator has posed a number of questions, A

i

,?‘whi,ch th:l.s study has attempted to answer. Other questions R -

,have arisen from the resulte of /tzh‘is at,pdy. There are questions . ’
) whi.ch could be subjected to further investigatlon. ]
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